Example: (G, problem 6.18)

A permeable sphere is put in an otherwise uniform B field.

Use the fact that there are no free currents.
This means that VxH=0 everywhere So, we can write
H as the gradient of a potential: H= VW

Thus, W satisfies Poisson’s equation:

VW =-V.H=+V. W This follows from B=y_ (Fl M)
> and: V-B=0

V-M=0 only on the surface:
e Qutside: M =0. ~
e Inside: H=B/u. SoV-M=0.

Thus, we have Laplace’s equation for W,
with boundary conditions at the surface of the sphere.




Boundary conditions:
1) B—Bzasr— oo Uniform field, B,, at infinity.
H— %2 = Wo-—2y Just like the electrostatic case.

2) W,(R,0)=W_,(R,0) H is well behaved: W must be continuous.
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As before, expand W, and W, as sums of Legendre polynomials.
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W (r,0)= i Ar‘P(cos0)
¢=0

W (r,0)= i Agr‘(m’Pg (cosO)— %rcos@
¢=0 0 =z



Apply condition 3: —,LLE,)ZAZRHPg(cosO) =B, cos(9+,uog,)(é+1)BZR_‘“2’Pg(cost9)

Apply condition 2: ¢#1: A =BR™*"
¢=1: A =—2+BR"
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Combine: . 35,
(eliminate B)) ¢=1: —UA =B + U 2AR = A1:2u0+/,t
B =(—“‘“° )R3B
1 Mo (2 py+1) 0
So: W. (r,0)=- szju rcoso
A =-VW =_"3
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Note: As x,, goes to O, B,, approaches B,
B, is the field produced by the induced polarization of the sphere (e< R%).



Magnetic Shielding

It is often desirable to create a field-free region (B as small as possible):

e To measure small magnetic effects.
e Some apparatus does not work well in magnetic fields.

It is easy to create an electric field-free region, because the interior of any
conductor (including any empty regions) works.

It turns out to be easy for B as well: Make a box out of large pu (>> p,) material.
Iron works in many situations.
0

Consider this situation: N A
A hollow sphere of permeable material.
We want to calculate B forr<a.

b a B,

As before, use the potential, W.




There are three regions:

We have to apply the BC’s:
"W, =W,
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at both surfaces (r=a and r = b).
This gives four equations in four
unknowns (a,, 6,,v,, 6, for each ¢.

As with the solid sphere, only ¢=1 gives |&,
non-zero solutions. The equations are:

This is easily solved. (use Mathematica)
For a highly permeable (u >> u,)
material:

r>b: W:—%rc059+Zagr““”Pe(cose)
0 (=0
. - S ¢ —(¢+1)
a<r<b: W—Eé(ﬁer +y,r )P (cosB)
o Both r dependences
r<a: W=30rP(cosp) "
¢=0
| use Greek letters to avoid
confusion with a, b, etc.
3 _Rh35
—b’, -7, =b .
3 3
2uo, +ub’p -2y, =—b"B,
3 3
a’f, +y, —ao, =0
3 3 —
‘Lta ﬁl _zll’t’yl _ILLOa 51 _

o, =b’—* <
H,
3| M, 1
Bm _‘uoél_gi } 3 Bo <
“1-()

Fall 2013

The induced dipole moment of the sphere.

The field for r< a.
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The field looks like this:
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The field is

very small here.

The field is
very large here.
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