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a) Distance vector (from the origin) to a point in the ring:
T =55+ 2%

Current density is:

Hence:

Magnetic dipole moment becomes:

I ..
m = T’Lb/(sz—zs)sdsdquﬁ

where ¢ runs from 0 to 27, s from R — a/2 to R+ a/2 and z from zy to zp + b. In the first
term, i.e., the one which is proportional with 2, integration over z gives a factor b while the
integration over ¢ gives a factor 2w. The integral over s becomes
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The second term, i.e., the one which is proportional with §, must, by symmetry arguments,
disappear. We may also show this explicitly: The unit vector s is not a constant, but depends
on the angle ¢ in the following manner:

§=(cos¢) &+ (sing) gy
Hence, this term will be proportional with
2m 2
/ §d¢:/ (cos ¢ & +sine §)de = 0
0 0

So, the magnetic dipole moment of the ring is:
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b) With a thin ring, a < R, this expression for m may be expanded to lowest order in the ratio
a/R:

a \?3 3a
1+ —) ~1+ —
(+2R> +2R

3
(1—i> 21—3—a
2R 2R

m ~ ITR?*?

Then, one has

Alternatively, you may simply multiply out the two parentheses that are raised to the third
power. This becomes no more than 4 terms from each. Then you will find:
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where the final approximation could be performed because a < R.



