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Yet another example of the bound charge due to polarization in a dielec-

tric. Suppose we have a point charge at the centre of a sphere of linear
dielectric (susceptibility χe) of radius R. We can begin the solution by cal-
culating the displacement, since the system has spherical symmetry. We
know that

ˆ
V

∇ ·Dd3r = Q f(0.1)

=

ˆ
A

D ·da(0.2)

where Q f is the free charge enclosed by the surface of integration. Here we
can take the surface to be a sphere of radius r centred at the point charge,
which is the only free charge in the problem. Therefore

ˆ
A

D ·da = 4πr2D(r)(0.3)

= q(0.4)

D(r) =
q

4πr2 r̂(0.5)

For a linear dielectric we have

(0.6) D = ε0 (1+χe)E

so we can get the field

(0.7) E =

{
q

4πε0(1+χe)
r̂
r2 0 < r < R

q
4πε0

r̂
r2 r > R

The polarization, again because we’re dealing with a linear dielectric, is
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P = ε0χeE(0.8)

=
χeq

4π (1+χe)

r̂
r2(0.9)

The bound charges induced by this polarization are

σb ≡ P · n̂(0.10)
ρb ≡ −∇ ·P(0.11)

At the surface of the sphere, n̂ = r̂ and we get

σb =
χeq

4π (1+χe)R2(0.12)

Qs = 4πR2
σb(0.13)

=
χeq

(1+χe)
(0.14)

For the bound charge, we make use of the formula for the three-dimensional
delta function:

(0.15) ∇ ·
(

r̂
r2

)
= 4πδ3(r)

The bound charge is therefore

ρb = −∇ ·P(0.16)

= − χeq
(1+χe)

δ3(r)(0.17)

The total volume bound charge is the integral of this over the sphere,
which is just

Qv = −
ˆ

V

χeq
(1+χe)

δ3(r)d3r(0.18)

= − χeq
(1+χe)

(0.19)

All the volume bound charge is concentrated at the centre, and the total
bound charge is Qv +Qs = 0 as required.
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