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3.13 (MRS HEIRT B RELS)

» David Griffiths, Introduction to Electrodynamics, the 4th edition, P245,
Example 5.11
It might seem natural to set the polar axis along ®, but in fact the integration
is easier if we let r lie on the z axis, so that @ is tilted at an angle . We may

as well orient the x axis so that @ lies in the xz plane, as shown in Fig. 5.46.
According to Eq. 5.66,
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FIGURE 5.45 FIGURE 5.46
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3.13 (MRS HEIRT B RELS)

Am = f—,:/ Ki—r’) dd,

where K = ov, 2 =+/R2+r2 —2Rrcos®, and da’ = R?sin6’ d¢’ d¢’. Now
the velocity of a point 1’ in a rotating rigid body is given by @ x r’; in this case,
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+ (sin sin @' sing’) Z] .
Notice that each of these terms, save one, involves either sin ¢’ or cos ¢'. Since
2 2
f sing’ d¢’ = f cos¢’ d¢’ =0,
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such terms contribute nothing. There remains
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Letting u = cos #’, the integral becomes

PR RV

+1 R2 R
“ du = — ( +r2+2 ru),/R2+r2 2Rru
~R?2+7r2—2Rru 3R%r
1 2
~3%57 > [(R*+r*+ Rr)IR -]

—(R*+r* = Rr)(R+1)].

If the point r lies inside the sphere, then R > r, and this expression reduces to
(2r/3R?); if r lies outside the sphere, so that R < r, it reduces to (2R/3r2). Not-
ing that (@ x r) = —wr sin ¥ y, we have, finally,

R
%(m X T), for points inside the sphere,
A@r) = (5.68)

R4
m; 30 (0 x 1), for points outside the sphere.
r

Having evaluated the integral, I revert to the “natural” coordinates of Fig. 5.45,
in which @ coincides with the z axis and the point r is at (r, 6, ¢):
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3.13 (MRS HEIRT B RELS)

Curiously, the field inside this spherical shell is uniform:

B—vV xA= HoReo

2 2
(cosOT — sinf 0) —pcgasz = §p,oaRw (5.70)
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