
Lecture 8a Worked problem

Consider a this sphere of radius R
and surface charge density
f To cost in spherical coordinates

Find the multipole expansion of
UCF for re R

The multipole expansion is
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where g is the folume charge density
and cos f It is the

angle between E and F

In this problem we are give a surface
qZcharge distribution

recon y



So we can write the volute charge
density as geo T scr R

To cost Sir R

in the spherical coordinates shown
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We want to find Val

no a o o

I have set d o for t without
loss of generality since the problem
is rotationally symmetric around the
z axis Note I have renamed the
O coordinate of T to L since I

already used O to denote a position
on the spherical charge distribution

Now we need to choose a coordinate

system for the T coordinates that
we integrate over to find Me cry



The trick is to choose the z axis

aligned along I and the x axis

to be in the X Z plane
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so y axis y axis Then O is

the angle betweec i and I so we can

use the definition of the multipole as is
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But we now need to write 0 in

terms of O
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Cosa F I sin a E I

cos a cosO sin x sin O cool

So we have
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The O integral of the first term 2h

an d o for the second term so
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where I used the orthogonality



relation for Legendre polynomials
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So only the dipole term survives

Using cos a E F we ran

write
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our final answer is
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