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We begin by deflnmg the u‘mt vectors in sphe/ncal coordmates r___ 3. ¢ AR -
T - v=a -
wiigp= R = {1, 0, 0}; H e ‘»mm VAN J “tg : —
e = {0, 1, 0}; [ Olea Sy
Y5 = (0,0,1); ! N
- Then we define the unit vector in the z direction in terms of spherical unit vectors Solve {4 U
p; Z = Cos[6] R-Sin[6] 6; Wow.

There are two contributions to the magnetic field. One is from the constant b-field (B Z), while the other

is from the induced dipole moment on the sphere. We are given the equation for the magnetic field due
to an electric dipole moment in Equation 28.16. Assuming that p is in the 2 direction, and cancelling two
factors of r, we can write down the total magnetic field:

3Dot[uZ, R]R-uZ
« Btot = BZ + [1Z, R] ;
1’.'3

Now, notice that the sphere shields its interior from magnetic field. Thus there is a discontinuity between

the magnetic field on either side of the boundary shell. That gives rise to a surface current density K. In
general, we can find the current density using Gaussian units as follows:

K = =X (52-51) rea = f;(? x §tot) ;=4 in this case.

47
In order to find the magnetic moment, we carry out the following surface integral
I=[FxKdS
To this end, let's calculate ¥ x K.

c
nisoi: LXK = Cross[r R, — Cross[R, Btot]] /. r->a
a4

aBcSin[6] cusSin[o]

= {0, - , 0}

47 4a’n

Thus, £x K= (22801 _cisnl®l) 4 Now, we want to calculate the surface integral over a spheri-

4n 4a’n
cal shell. The only part of this result that will contribute to the surface integral will be the z-component,
since all the x and y components will obviously cancel themselves out.

To get the z-projection, we multiply £ x & by -Sin[6]. (that's because 2 = Cos87 - Sin6 ). Thus, the
relevant portion of our integrand is as follows. (not it's in the z-direction now!).

aBcsSin[6] cusSin[6O]

wasi= Integrand = -Sin[6] ( ) // Fullsimplify

4 4a’n

~c (-a®B+pu) sin[6]?
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Now just take the surface integral
o= ;—Cﬂ;ﬁ "Integrand a®> Sin0d ¢ d 6 2

1 T 2T
« mu = —f j Integrand a? Sin[6] d¢ d6 // FullSimplify
2c¢c Jo Jo

w ‘i_ <—a3B+}J)

Then all that's left is to solve for .
ijaasi= Solve[u == mu, u]
a’B

CutAsa) { {u - - ____} }
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As expected, we got [ = —;—a3 B2




