Field of a magnetized object 6.2.1
This will follow your author's treatment very closely
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Suppose the object though consists of a many dipoles. We can superimpose the

vector potentials to obtain:

For a single dipole, we have: A(7 )=
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where the magnetization (M) is defined as the magnetic dipole moment per unit
volume. As before:
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This can be integrated by parts to give (ultimately):
A(F,)= M"ﬁﬁl[VxM ]dr+ 0# [ r)xda|

The first term looks like the potential of a volume current: Jbzva :
The second term looks like the potential of a surface current: K,=Mx

This means the potential due to a magnetization can be represented as bound
volume and surface currents:
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Which you will note looks a whole Io_g like what we have for polarized objects:
pp=—V-P:0,=P-n
Example 6.1

What is the magnetic field of a uniformly magnetized sphere.
Let M be along the z-axis so that:
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J,=VxM= ox By 0z =0 (could have done this easier)
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(of course, having it worked out makes this easier to see).

Now according to your author, this is equivalent to a spinning sphere of charge.
Let's obtain the field in such a situation. This is Example 5.11

The sphere has a surface charge o, of radius R and is spinning with w. Let the
angular velocity be tilted away from the polar angle by an angle V¥ in the x-z
plane.

The vector potgntial is:
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Here, K=oV
Then
d=wsinyX+0y+wCcosyz
and we find the surface current by:
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Upon integration on the sphere, the only term that will survive the integration is:
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So the vector potentLaI will be given by:
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Your author integrates this by a trig substitution: (see page 237)
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To give the result (letting the angle now be along z):
note thatoxr,=wr,sing¢
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A= MO; |®xT,| inside the sphere
A= - |@xT,| outside the sphere
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From here:
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