SOLUTION TO PROBLEM SET 6

1) Break this into two problems; I in which the potential is V5 = 240 on the wall with y = 1,
0 < z <1 and is zero on the other three walls, and II in which the potential is V;, on the
wall with 2 =1 and 0 < y < 1. Let us consider system I first. By separation of variables, I

can write the solution as

sinh nmy

Viz,y) ZA V2sin(nrz) ———

e sinh n

which satisfies the boundary conditions on the walls on which V' = 0. On the top wall (y = 1)

we have

oo
Vilz,1) = Vp = ZAR\/isin nwT

n=1

from which
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Ay = \@Vg/ drsinnrz,
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= 0 n even,
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® sin(2l — 1) sinh(2] — 1)7y

Vilmg) = 4 g (2l — )7 sinh(2l — V)7

The solution to system II is the same as the above with = and y interchanged. Thus the

solution to the original problem is

. 3 > [sin(2! — 1)wz sinh(2! — 1)7y + sin(2l — 1)y sinh(2] — 1)7z]
Vie,y) =41, (2 — 1)wsinh(20 — 1)«
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PROGRAM FOURIER3

C CALCULATES THE POTENTIAL IN A SQUARE WITH GIVEN BOUNDARY CONDITIONS
C USING A FOURIER SUM
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DIMENSION VO0(12,12)

OPEN (UNIT=8, FILE='FOURIER3.DAT',6STATUS='0LD')
PI=3.14159265

INITIALIZE THE GRID

VBOUND=240. o—

DO 1 I=1 ! 11 Il ,’:‘.J -‘;Ik. . / S: ’I/"'.'. Ci [— 'd /‘3 '/")(l r"_" s
pa 1 J=1,11 _ 0 4 '
VO(I,J)=0. [Prezcicas T WRoOTE
CONTINUE o
DO 30 II=1,12

V0(12,II)=VBOUND

VO(II,12)=VBOUND

CONTINUE

TEST=.001

ITER=0

DX=1./11.

DO 5 MM=1,100

DIFF=0.

DO 4 K=1,10

DO 4 L=1,10

X=DX*FLOAT (K)

Y=DX*FLOAT (L)

AM=FLOAT (2*MM-1)

VADD=(4*VBOUND/PI)*(1/(AM))*

1( (SIN(AM*PI*X))*F(AM*PI,Y)+(SIN(AM*PI*Y))*
1 F(AM*PI,X))

VO (K+1,L+1)=VO(K+1,L+1)+VADD
DIFF=DIFF+VADD*VADD

CONTINUE

ITER=ITER+1

CHECK WHETHER THE ROOT MEAN SQUARE OF ADDITIONAL CONTRIBUTION TO THE
GRID IS LESS THAN THE TEST

DIFF=(SQRT(DIFF))/10.

IF(DIFF.LT.TEST) GO TO 21

CONTINUE

PRINT OUR FINAL RESULT
DO 22 IJ=1,12

IP=13-1J

WRITE(*,23) (VO(IP,JS), JS=1,12)
WRITE(8,23) (VO(IP,JS),J]S=1,12)
CONTINUE

WRITE(*,26) ITER

WRITE(8,26) ITER

FORMAT (1X, 'THE NUMBER OF ITERATIONS EQUALS',6I4)
FORMAT (12F6.1)

CONTINUE

END

FUNCTION F(AN,Y)

NOTE THAT THE FUNCTION IS DEFINED THIS WAY SO THAT ONE NEVER EVALUATES

THE SINH OF A VERY LARGE NUMBER
F=(EXP(-AN*(1.-Y)))*((1-EXP(-2.*AN*Y))/(1-EXP(-2.%AN)))

RETURN
END
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2.a) Clearly V/(s,6) depends only on cos mf. Inside it can only have powers s™ as it must be
well-behaved as s approaches zero. Outside, it can only depend on s™™ as the potential is
well behaved at infinity. lastly, the potentialis continuous at s = R. All of these requirements

lead to
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Multiply both sides of this last equation by cos(m'6)//m and integrate from 0 to 27 to get

2¢0 2 cosm'f u cosm'f
—m'Apy = = that
7 m'Ap, _/0 a(0) .- 2/0 a(6) 7 so tha

R cosm'l
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