
Homework 7

To be submitted till 29/12/11 19:00

1 Bound Charges:

Read the section 4.22 �Physical Interpretation of Bound Charges� in �Introduction to electrodynamics� by David

J. Gri�ths.

1. A sphere of radius R carries a polarization: P (r) = kr where k is a constant and r is the vector from the

center.

(a) Calculate the bound charges σb, and ρb.

(b) Find the �eld inside and outside the sphere.

(Gri�t, problem 4.10)

2. A short cylinder, of radius a and length L, carries a "frozen-in" uniform polarization P, parallel to its axis.

Find the bound charge, and sketch the electric �eld:

(a) for L� a.

(b) for L� a.

(c) for L ≈ a.

This device is known as a bar electret; it is the electrical analog to a bar magnet. In practice, only very

special materials - barium titanate is the most "familiar" example - will hold a permanent electric polarization.

That's why you can't buy electrets at the toy store. (Gri�t, problem 4.11)

3. A very long cylinder, of radius a, carries a uniform ("uniform," not "radial") polarization P perpendicular

to its axis.

(a) Find the electric �eld inside the cylinder.

(b) Show that the �eld outside the cylinder can be expressed in the form: E (r) = a2

2ε0ρ2
[2 (P · ρ̂) ρ̂−P]

(Gri�t, problem 4.12)

2 The Electric Displacement:

Read the section 4.2.3 �The Field Inside a Dielectric� & 4.3.2 �A Deceptive Parallel� in �Introduction to electrody-

namics� by David J. Gri�ths.

1. Suppose the �eld inside a large piece of dielectric is Eq, so that the electric displacement is D0 = ε0E0 +P

(a) Now a small spherical cavity, illustrated in the following �gure: , is hollowed out of the

material. Find the �eld at the center of the cavity in terms of E0 and P. Also �nd the displacement at

the center of the cavity in terms of D0 and P.

(b) Do the same for a long needle-shaped cavity running parallel to P, in the following �gure: .
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(c) Do the same for a thin wafer-shaped cavity perpendicular to P, in the following �gure: .

(Gri�t, problem 4.16)

3 Boundary Value Problems with Linear Dielectrics

4.4 �Linear Dielectrics � in �Introduction to electrodynamics� by David J. Gri�ths.

1. A very long cylinder of linear dielectric material is placed in an otherwise uniform electric �eld E0. Find the

resulting �eld within the cylinder. (The radius is a, the susceptibility χe, and the axis is perpendicular to

E0.) (Gri�t, problem 4.22)

2. Find the �eld inside a sphere of linear dielectric material in an otherwise uniform electric �eld E0 by the

following method of successive approximations: First pretend the �eld inside is just E0, and use P = εχeE
to write down the resulting polarization P0. This polarization generates a �eld of its own, E1, which in turn

modi�es the polarization by an amount P1, which further changes the �eld by an amount E2, and so on. The

resulting �eld is E0 + E1 + E2 + · · · . Sum the series, and compare your answer with E = 3
εr+2E0. (Gri�t,

problem 4.23)

3. An uncharged conducting sphere of radius a is coated with a thick insulating shell (dielectric constant εr)
out to radius b. This object is now placed in an otherwise uniform electric �eld E0. Find the electric �eld in

the insulator. (Gri�t, problem 4.24)
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