
8.07 Homework 11

Problem 1. Retarded potentials.

A sheet of charge with density σ lies in the plane z = 0, so that ρ = σδ(z).

(i) What are the electrostatic fields throughout space ?

At time t = 0 the sheet begins to move in the y direction with a constant speed v, so that for
t > 0, jy = σvδ(z), jx = jz = 0.

(ii) Calculate directly from the formula for the retarded potential the value of Ay(z, t). Plot its
value as a function of t for fixed z (positive and negative) and also as a function of z for fixed t > 0.

(iii) Get Bx and Ey and plot them as functions of time at a fixed z (positive and negative) and as
functions of z for a fixed time t > 0.

Problem 2. Conservation laws in the setting of Problem 1.

Consider a box bounded by the planes z = ±h, x = 0, x = 1, y = 0, y = 1. This box extends a
distance h above and below the current sheet. Explain quantitatively how conservation laws work
for the volume in the following cases:

(i) Conservation of energy for 0 < t < h/c.

(ii) Conservation of energy for t > h/c.

(iii) Conservation of the y-component of momentum for 0 < t < h/c.

(iv) Conservation of the y-component of momentum for t > h/c.

The statement of energy conservation, for example, is

d

dt
(Emech + Efield) = −

∮
S · da , with

dEmech
dt

=
∫

j ·E d3x

Problem 3. A plane wave travelling along the positive z-direction is incident normally on a
uniform material filling the half-space z ≥ 0. The material has a constant conductivity σ > 0
( �J = σ �E), and ε/ε0 = µ/µ0 = 1. The incident field (for z < 0) is of the form

�Einc(�r, t) = Re
{
E0 e

i(kz−ωt)x̂
}
, (1)

with k = ω
c and E0 a real constant. Consider the simple ansatz for the wave in the conductor

(z > 0) and a reflected wave
�Econ(�r, t) = Re

{
�Ec(�r) e−iωt

}
. (2)

�Eref(�r, t) = Re
{
Er e

i(−kz−ωt) x̂
}
, (3)

Here, the possibly complex vector �Ec(�r), and Er are to be found.
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(i) Show that �Ec(�r) satisfies the differential equation
{
∇2 + k2

(
1 + i

σ

ωε0

)}
�Ec(�r) = 0 . (4)

(ii) Assume now that the fields in the conductor are of the form

�Ec(�r) = Ec e
iβzx̂ ,

�Bc(�r) = Bc e
iβzŷ .

(5)

What is the value of β in terms of k, σ, ω ? Find Bc in terms of Ec.

(iii) Using the relevant boundary conditions for �E and �B at the boundary, set up and solve the
system of equations that determine Ec and Er in terms of E0, k and β.

(iv) Find the pressure on the conducting wall. Express your answer in terms of Ec, k and β. [Hint:
use the stress tensor.]

Problem 4. Calculate the exact electric field for electric dipole radiation. Show that you get

E =
1

4πε0

{
k2(n× p)× n

eikr

r
+ (3n (n · p)− p)

( 1
r3
− ik

r2

)
eikr

}

Problem 5. (Jackson 9.3). Two halves of a spherical metallic shell of radius R and infinite
conductivity are separated by a very small insulating gap. An alternating potential is applied
between the two halves of the sphere so that the potentials are ±V cosωt. In the long wavelength
limit find the radiation fields, the angular distribution of ratiated power and the total radiated
power from this sphere.

Problem 6. Griffiths 4.2 (p.163).

Problem 7. Griffiths 4.10 (p.169).

Problem 8. Griffiths 4.26 (p.193).

Problem 9. Griffiths 4.32 (p.198).

Problem 10. Griffiths 6.4 (p.259).

Problem 11. Griffiths 6.5 (p.260).

Problem 12. Bar magnet (based on Jackson 5.19, and Griffiths 6.9).
A bar magnet is in the shape of a right circular cylinder of length L and radius a. The cylinder
has a permanent magnetization M0 uniform throughout its volume and parallel to its axis.
(a) Calculate H and B at all points on the axis of the cylinder, both inside and outside the magnet.
(b) Sketch in a plot the ratios B/µ0M0 and H/M0 for L/a = 5.
(c) Find the bound current.
(d) Why is the B field far away from the magnet approximately that of a magnetic dipole? What
is the effective dipole moment?
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