Problem 4.39

(a) Proposed potential: |V (r) = V g If so, then | E = —-%¥ = 1'? f, | in which case | P = EOXeVOTEZ E,
. . . coxVo P
in the region z < 0. (P = 0 for z > 0, of course.) Then s = eux.-¥n ﬁ-,r-n_l =|-"®r - (Note: fi points out
of dielectric =» fi = —F.) This oy is on the surface at r = ¥ The Szt sarlace 2z = 0 carries no bound charge,
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since i = z L £. Nor is there any volume bound chargs [Eq. 4.3%). I£ ¥ is to have the required spherical
symmetry, the net charge must be uniform:
O ATR? = Quop = dmeg RVy (since Vg = Quop/Amen R, 82 .oy = ¥, K. Therefore

| (@Vo/R), on northesn =emisphers
T 7 (@Vo/R)(1 + x.), cu saurkern hemisahere [

(b) By construction, o = oy +60y = €Vp/R is unifarm [ce the narthern hemisphere oy, = 0, 05 = €V /R;
on the southern hemisphere o, = ~¢gx.Vo/R, so o5 = €',/ ] The powential of a uniformly charged sphere is
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(¢) Since everything is consistent, and the boundary eamdizions [V = W at r = R, V — 0 at o) are met,
Prob. 4.38 guarantees that this is the solution.

(d) Figure (b) works the same way, but Fig. (a) does mst: an the Har surface, P is not perpendicular to i,
so we'd get bound charge on this surface, spoiling the symimetry.
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T'his is the correct electrostatic energy of the configuration, but 1 s not the “total werk nmeessary to assemhle
the system,” because it leaves out the mechanical energy involved in pelarizmg the molzenles.

Using Eq 4.58 W = J [D-Edr. For r > R, I} = ¢E. sa thx contribution is t2e same as hefore.
Forr < R, D =¢gE+P = —JP+P = 2P = —2¢E, sc 1D'E = —29F? and this contribatica is

now (—2) (%’ P:fs) = —%17‘:— R:fg, exactly cancelling the exterior ieem Conclusion: H Thiz iz not
surprising, since the derivation in Sect. 4.4.3 calculates the work dane an the free charge, znd in this prehlem
there is no free charge in sight. Since this is a nonlinear dielectrie, howewer, toe result cannot He interpreted as

the “work necessary to assemble the configuration” —the latter wolc depend entirely on hoir you assemble it.




