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Problem 8) At the shell surface, ¥ () must be continuous. Therefore,
(Acos@)/R?* =BRcos® — B =A/R°.

The boundary condition derived from Maxwell’s first equation requires that, at the surface
of the shell, the surface charge-density a(r) be equal to the discontinuity in ,E,, where, given
the geometry of the present problem, E, = E,.. Therefore,

0o Cos 8 = g, [Er(out) — Er(in)].

Since E, = —0dy/0r evaluated at r = (R, 8, ¢), we will have
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The scalar potential outside the sphere is thus ¢ (r) = ooR> cos 8/(3g,r?). Compared with
the scalar potential derived in Chapter 4, Example 8 for an electric point-dipole p = p,2, we
observe that the charged spherical shell in the present problem is equivalent to a dipole p =
(4mR%0,/3)2, located at the origin of the coordinate system.

Inside the shell, ¥(r) = Brcos@ = (a,/3¢,)(r cos 8) = (0,/3¢,)z, which is a linear
function of the vertical coordinate z. Therefore, the E-field inside the shell is given by

E(r) = —Vy(r) = —(0¢/02)2 = —(0,/3¢,)2.

The internal field of the spherical dipole is thus uniform, having a magnitude of g,/3¢, and
pointing along the negative z-axis.




