
Homework 8

To be submitted till 8/1/12 14:00

1 Electric Fields in Matter:

1. Check the Clausius-Mossotti relation α = 3ε0
N

(
εr−1
εr+2

)
for the gases listed in Table 4.1. in �Introduction

to electrodynamics� by David J. Gri�ths (Dielectric constants are given in Table 4.2. in �Introduction to
electrodynamics� by David J. Gri�ths). (Gri�ths, problem 4.39)

2. Notice that in Langevin formula for large �elds/low temperatures, virtually all the molecules are lined up,
and the material is nonlinear. Ordinarily, however, kbT is much greater than pE. Show that in this regime
the material is linear, and calculate its susceptibility, in terms of N , p, T , and kb. Compute the susceptibility
of water at 20° C, and compare the experimental value in Table 4.2. in �Introduction to electrodynamics� by
David J. Gri�ths (The dipole moment of water is 6.1 × 10−30C·m) This is rather far o�, because we have
again neglected the distinction between E and Eelse. The agreement is better in low-density gases, for which
the di�erence between E and Eelse is negligible. Try it for water vapor at 100° and 1 atm. (Gri�ths, problem
4.40)

2 Currents:

Read the section 5.1.3 �Currents� in �Introduction to electrodynamics� by David J. Gri�ths.

1. A current I �ows down a wire of radius a.

(a) If it is uniformly distributed over the surface, what is the surface current density K?

(b) If it is distributed in such a way that the volume current density is inversely proportional to the distance
from the axis, what is J?

(Gri�ths, problem 5.5)

2. A phonograph record carries a uniform density of "static electricity" σ. If it rotates at angular velocity ω,
what is the surface current density K at a distance r from the center? (Gri�ths, problem 5.6a)

3. A uniformly charged solid sphere, of radius R and total charge Q, is centered at the origin and spinning at
a constant angular velocity ω about the z axis. Find the current density J at any point (r, θ, ϕ) within the
sphere. (Gri�ths, problem 5.6b)

4. For a con�guration of charges and currents con�ned within a volume V , show that
´
V Jdv = dp

dt where p is
the total dipole moment. [Hint: evaluate

´
V ∇ · (xJ) dv] (Gri�ths, problem 5.7)

3 The Biot-Savart Law:

1. Find the magnetic �eld at point P for each of the steady current con�gurations shown in the following �gure

(Gri�ths, problem 5.9)

2. Find the magnetic �eld at point P on the axis of a tightly wound solenoid (helical coil) consisting of n
turns per unit length wrapped around a cylindrical tube of radius a and carrying current I as illustrated

in the following �gure: . Express your answer in terms of θ1 and θ2. Consider
the turns to be essentially circular. What is the �eld on the axis of an in�nite solenoid (in�nite in both
directions)? (Gri�ths, problem 5.10)
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4 The Divergence and Curl of B:

Read the section 5.3 �The Divergence and Curl of B� in �Introduction to electrodynamics� by David J. Gri�ths.

1. A thick slab extending from z = −a to z = +a carries a Uniform volume current J = J x̂ as illustrated in the

following �gure: . Find the magnetic �eld, as a furiction of z, both inside and outside
the slab. (Gri�ths, problem 5.14)

2. Two long coaxial solenoids each carry current I, but in opposite directions, as shown in the following �gure:

. The inner solenoid (radius a) has n1 turns per unit length, and the
outer one (radius b) has n2- Find B in each of the three regions:

(a) inside the inner solenoid.

(b) between the two solenoids.

(c) outside both solenoids.

(Gri�ths, problem 5.15)
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