
PHYSICS 323 ELECTROMAGNETISM

April 26, 2020 Problem Set 4 These 4 problems are due in Canvas Tuesday, April. 5

Please put your name and section number on the first page of your solu-
tions.

1. Charge moving in a circle

A particle of charge q moves in a circle of radius R at a constant angular velocity ω. The circle lies in
the xy plane and at t = 0 the particle is at (0, R) on the positive y axis. Find the Lienard-Wiechert
potentials for observation points on the positive z axis.

2. Time-varying planar current path A planar current path consists of a piece of wire bent into the
loop shape shown in the figure.
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1. Time-varying planar current path
A planar current path consists of a piece of wire bent into the loop shape shown in the figure.

(a) What is the magnetic field at the center point O when a constant clockwise current I flows?
For (b-d), suppose that I is changing in time as I(t) = kt where k is a positive constant.
(b) Calculate the retarded vector potential A at O.
(c) Use your answer to (b), to find the electric field at O.
(d) Is it possible to use your answer to (b) to find the magnetic field at O?

2. Liénard-Wiechert potential
The usual Liénard-Wiechert potential for a point charge moving with constant velocity v con-
tains the denominator D = rt � rt·v

c where rt is the displacement vector from the retarded

position of the charge to the field point. Show that D can also be written as D =
q

r2
0 � (r0⇥v

c )2

where r0 is the displacement vector from the present position of the charge to the field point.

3. Electric Flux from uniformly moving point charge
For the uniformly moving point charge in problem 2, consider the electric flux leaving a sphere
containing the charge.
(a) Does the electric flux leaving the sphere depend on the radius of the sphere?
(b) What do you expect the electric flux leaving the sphere to be? Explain.
(c) From E (Gri�ths Eqn 10.75), directly evaluate the electric flux leaving the sphere.

4. Oscillating Electric Dipole
Consider an oscillating electric dipole where the two charges are separated by a short distance
s and the charges oscillate back and forth as Q(t) = Q0e

i!t.
(a) What is the current I(t)?
(b) What is the dipole moment p(t)?
(c) What is the vector potential in terms of the retarded dipole moment pr?
(d) In the “far field” (distances much greater than the wavelength or spacing between the
charges), what is the divergence of vector potential? You can write this in terms of the retarded
dipole moment.
(e) In the “far field” what is the scalar potential?
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(a) Determine the magnetic field at the center point O when a constant clockwise current I flows? For
(b-d), suppose that I is changing in time as I(t) = kt where k is a positive constant. (b) Calculate

the retarded vector potential A at O.

(c) Use your answer to (b), to find the electric field at O. (d) Is it possible to use your answer to (b)

to find the magnetic field at O? Explain.

3. Electric Flux from uniformly moving point charge

Consider a point charge, q moving with constant velocity v, and examine the electric flux through
a sphere that completely contains the charge at all times.

(a) Does the electric flux leaving the sphere depend on the radius of the sphere? (b) What do you

expect the electric flux leaving the sphere to be? Explain. (c) From E (Griffiths Eqn 10.75), directly

evaluate the electric flux leaving the sphere.

4. Electric Dipole Radiation

(a) Radio station KUOW-FM broadcasts from the UW campus at a power of 100,000 Watt at a
frequency of 94.9 MHz. Estimate the maximum value of the electric field at the position of the Space
Needle.

(b) Suppose that in the radiation zone the electric field of an antenna is in the θ direction and is
given by Eθ = V0

r
sin θ cosω(t− r/c). Determine the magnetic field.

(c) Use the answer to(b) to determine the total power radiated.
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