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Numerical Calculation for Problem 2.23 in Jackson

In{lf;~ sumand[n ,m ] :=

5in[2EE) sip[ XX
li? ! = = = . (Sinhl:r'ﬁl'nﬂi-m? zfaji-sinh[n"\lnfi-mf {a—z];"a”
o 3inh[:r"lﬂn1'+m2]
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In{i5}:~ PhiOVERY = Z Zsmand[Zj+1, 2k+1] /. {2=2a/f2,yv=sa/2,22a/2.0, JMAX + 0}
j=0 k=0

Oukfisy= 0.347546
JHAX FMAX

Infl&):= PhiOVERV = Z Zsmmd[Zji-J., Zk+l] f. {x=+aj2, y=»a/f2, zsaf2.0, JMAX 1}
j=b ksl

Qutfig)= (0,332858

infl2]:- ErrorData = Ta.hle[

JHAX JMAX
{jmmx, RE[E Zsmmand[sz,L 2k+1]]-1/3.0/. {x»a/2,y+a/2,2+a/2.0}},
3=0 k=0 «

{px, 0, 9}]
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17, =7.29205x107"%}, (8, 2.81866x10°1"), {9, -1.09813x107"%}}

Inf?]r= << Graphics Graphics’

In(8):=- SDhefaultFont = {"HelveticaBeld", 16};

infidj:= LoglistPlot[ErrorData, Plot3tyle » PointSize[0.03],
Plotlabel «> "Error in double sum versus jMAX"]:
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Below are the Mathematica solutions to these two equations, and example calculations

\r

in[ ] LegFen@[j ] :=
= LegFenlj_] Gamma[j + 1] Gamma[ (1-27) /2]

= (LegFcn@[j +1] - LegFcn@[3j]) / (4 + 3) // FullSimplify

N

- 726amma[§ —j] Gamma[2 + J]

vr

(Aat+Ba™) =v, (Ab"+Bb™T) v} /.

|:= eqns@:{ZL 1
+

{L-0}

2L+1

|:= Solve[eqns@, {A, B}]

out 1= {{a-2, 80}

- Table[{j, -ZGamma[i —j] Gamma[2 + j] }’ . 4}]
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ZGamma[i—j] Gamma[2 + j]
- eqns = {2L+1 (aat+Ba™t?) = -viIk, T (abt+BD™Y) ==VIk} /. Vo1,
L>2j+1
2 (al'ZjAJra’Z’Zj B) 2 (Abl*Z:i +b 223 B) [-]= Phi[r_, &, jmax_] :i= [V=13
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|- Solve[egns, {A, B}]

(a3 +b229) Ik (3+43) V

out[+] {{A*’ j j
2 <a3+43_b3+43>
522 p2-23 <a1+2j +b1+zj) Ik (3+43)V
B - 3 j }}
2 (@’ - pPd)

Here are a couple of example plots of the angle
dependence, for V=1, and they both look sensible

Case of similar radii spheres

Plot[Phi[1.1, 6, 15] /. {a> 1, b 1.2}, {6, @, 7}]
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2 (a3+4j _ b3+4j)

22+23 2423 (a1+zj +b1+2j) I1[5] (3+47)V 1 ]

2 (33+4j _ b3+4j) * r2j+2

LegendreP[27 +1, Cos[&]], {3, @, jmax}]]

Limit of the inner sphere close to 0 radius

Plot[Phi[1.1, 6, 15] /. {a > 0.01, b » 1.2}, {6, @, 7}]

10|
0.8:—
06
04

0.2+

o6



oQ
o= T Ay C bseorva : d:zfmu‘ﬂxa( gjmwt&%'r%'(
and
ne conductors |

S oluhen. (o) Ve can write expressioms, For e so[ublsns rnside ()
ﬂy\o( 0“:{_;//&(1 ’t\ x5!

da 2o
Z. () = == 1(/:(} Plees®Y  F_ (e9)= g (~\ P(cosﬁﬁ
j::—D 14 =0

oJle.rL -ptur co—m/evu‘ence - «a’a\/eal Some. #ﬂC"fW‘? 0‘5 /Q so
+Aat /l/ and @ have X/;mewgz'mg oF /bm‘evﬂv'a/

lgounaaarg C’d‘V\aZH'l'c‘MS ‘A/Aere Hé‘/‘c are 5\4/‘“);0\46 C—Aﬁ"j&?/ He E—-F,?c(f

must be dscontinuous, i-e

— —> I —_—
Do BB YR e 7Ey
[=) r —_
o, o<b<L s oY i c

Qnﬂl o 5~eC¢>n¢Q
b? \/(\/lj av ‘a CMA‘LI’IIM l\s (4 IIVN—L.a a; -E_ 4:&. v = R

= _Z (AF gj\ (CDSB--) =0 or AZ =B¢

S &2 (— 1+ 2
> | 24, 1<t /R —cg\ = (B>
wo),’ = 5 () 8 SB(C =

. )
er ;ED z}i {A P leos0d = ”("

Use Fouriert ricke 4o pftain A

t = :
I-l- /At ( ﬂ""’l - %’ﬁzj P{casg\ U"[B\ él\/\9 28

coes &
6(,,_,,&?— S P(Cosgsal(t‘os‘sx a"j ev‘({"‘ﬂl( &aa\\r\
“’”"& o032
OI"A:- R Bz 44544-)—-1/!}:0
Q 2%, s P ( N — P
I+IC ) ,(-((CDS'X\ , %:-_(/2/3/_ N

2 )y
o7



?—réK gwe Z 0+

/(—[\:Ho.»e e soluteons 1n He 2 /‘371‘5415 a,éff\\/\\\
(cosa\ — P (cas
ZE (r8)= (1+eces=> + /—KL(”S il ’Q]F(mui
7=

o [L-;-I
Q f (Cosaq — l;_{ cos=)}
~9) = R e .
20770 = gre)y ‘ 2 gTE, Ri ( 2 0+ Al
7=

(63 At ;.—441&/ M/g +4c /;O/( Jerms ave S?"J-n;'p*/'cc\v\-)' Neawr V=L o

» <« ((A—Cosa(\ -+ & P(Cos "Q"( PCCos‘8\
V’<</Z gre, R Fre, R
O)gﬂ’fl/ﬁ now  Ythaat rrcosf = =<, J\Cnce 0‘"\/& 7*- O
aund  He 2 -enapovevt oF (e e/ec“hwc' _,Q,{/J se jm&
= ~ P (cosed)- fﬂ(
£ = -2F% o2& z(__*_ >
2 5z =2 E£E="% gre, R =

(¢ Mot reguire

e



