SOLUTION TO TFYY67 2009-03-11 1(2)

1 Monopole moment: O (total charge is zero)
Dipole moment: O (inversion symmetry)
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b)  Since the quadrupole contribution is the first non-vanishing contribution in the series it will
not change if the origin of the coordinate system is moved. Thus, the answer is that the result
will not change.

2 We make a mapping from the z-plane into the w-plane with a mobius transformation in
such a way that the circle with radius a is mapped on the unit circle centered around the
origin and the line charge is mapped on the origin. Let z;1 =sa - w1 =0, zp=a >

wr»=1,z3=-a—> w3z = -1, The following mapping and its inverse do the trick:

z—sa w+s | . .
w=- y 2=a v Z=x+1y ; o=u+iy

sz7—a sw+1
(01— wy)(@3-0) (22-25)(23—2)
(0~ o) @3 -w7) (z-2)(z5~22)
The potential in the w-plane is ®(u,v)= —pln(u +v2) The potential of our origina
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It isthe result of the conservation of crossratio:
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> Or inamore straightforward and better way:

v(x,y)= 2
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Following the lecture notes on pages 7:1-7:2 we find with our notation that the image charge

¢ at the distance R' from the center of the sphere are:| ¢'= —rpq/R, R =12 /R |. Thus the

answer to a) isthat the total accumulated charge on the sphereis ¢'= —ryq/R. After the wire
has been cut the total charge of the sphere stays constant. When the external charge is
removed the charge of the sphere distributes itself homogeneously over the outer surface of
the sphere. The resulting potential outside the sphere will be the same as that from a point
charge ¢' placed at the center of the sphere: ®(r)=¢'/r, 1y <r.b) The potential of the
sphereisthen: @(ry) = ¢' /1o =—q/R

a) the contribution to the E field from the scalar potential is purely longitudinal.
~-V® — —iq® . Thisispardld to q. Thusitislongitudina. Alternatively

V x (-V®) =0since the curl of agradient is always zero.This means that what is
inside the parentheses islongitudinal .

b) the contribution to the E field from the vector potential is purely transverse.

0
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V. (—}%—?j = —ET =0. Thuswhat isinside the parentheses is transverse.
Cc c

c) the B field is purely transverse.
V-B=V-(VxA)=0, since the divergence of acurl is always zero. Hence, the B
fieldsistransverse.



