
PHYS 301 Tutorial #10 – group problem solving

Copies of the inside front and back covers of the Griffiths text are provided on the last

page.

1. A sphere of radius R carries a polarization:

P(r) = kr,

where k is a constant and r is a vector from the center.

(a) Calculate the bound charges σb and ρb.

(b) Find the electric fields inside and outside the sphere.

2. A sphere of linear dielectric material has embedded in it a uniform free charge density ρ. Find

the potential at the centre of the sphere (relative to infinity), if its radius is R and the dielectric

constant is εr.
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3. Find the field inside a sphere of linear dielectric material in an otherwise uniform electric field

E0 = E0 ẑ by the following method of successive approximations:

First, pretend the field inside is just E0, and use:

P = ε0χeE,

to write down the resulting polarization P0. This polarization generates a field of its own, E1, which

in turn modifies the polarization by an amount P1, which further changes the field by an amount

E2, and so on.

The resulting net field is E0 + E1 + E2 + . . . . Sum the series and show that the field inside the

sphere is given by:

E =

(
3

εr + 2

)
E0.

To find the electric field, make use of the fact that the potential due to the sphere is of the form:

V (r, θ) =
∞∑
ℓ=0

(
Aℓr

ℓ +
Bℓ

rℓ+1

)
Pℓ (cos θ) ,

which we found using separation of variables. The boundary conditions that need to be satisfied at

r = R are:

Vin = Vout

E⊥
out − E⊥

in =
σ

ε0
.
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4. A point charge q is imbedded at the centre of a sphere of linear dielectric material (with

susceptibility χe and radius R). Find the electric field, the polarization, and the bound charge

densities ρb and σb.

5. At the interface between one linear dielectric and another, the electric field lines bend (see the

figure below). Assuming there is no free charge at the boundary, show that:

tan θ2
tan θ1

=
ε2
ε1
.

Apply the boundary conditions for the electric displacement to obtain the required result:

D⊥
above −D⊥

below = σf

D
∥
above −D

∥
below = P

∥
above − P

∥
below.
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