CLASSICAL ELECTRODYNAMICS 1
Homework Set 8
April 7, 2017

1. A charge distribution has azimuthal symmetry and can be described in
spherical coordinates by the charge density p(r,@).

(a) Show that the traceless electric quadrupole moment tensor is diag-
onal for such a charge distribution; that is, show @;; = 0 for ¢ # j.
(b) Show that the diagonal elements ()1; and Q92 are proportional to

(33 and determine the proportionality constants.

2. The potential for a localized charge distribution can be written as a
multipole expansion,

B(r) = P(r),
/=0

where ,
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Here ®,(r) is the potential due to the 2’pole term. Determine the
behavior of the static electric field for a pure 2‘-pole distribution under
the transformation r — —r.



3. Two concentric conducting spheres are centered at the origin. The inner
sphere has radius a and carries charge +() while the outer sphere has
radius b and carries charge —(). The empty space between the spheres
is filled with a dielectric with permittivity e; for z < 0 (7/2 < 6 < )
and with a dielectric with permittivity e; for z > 0 (0 < 6 < 7/2).

(a) Determine E and D everywhere between the two spheres.
(b) Determine the free surface-charge density o on the inner sphere.

(c¢) Determine the capacitance C' = Q/V of this system, where V' is the
potential difference between the inner and outer spherical conduc-
tors.



