
FYS 3120 Classical Mechanics and Electrodynamics
Spring semester 2009

Problem Set 13

Problem 13.1

Figure 1 shows a rectangular current loop ABCD. In the loop’s rest frame, S, the loop
has length a in the x direction and width b in the y direction, the current is I and the
charge density is zero.
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Figure 1:

a) Show that in the rest frame the loop’s electric dipole moment is zero and the
magnetic moment is m = Ia× b, where I = j∆ with j as the current density and ∆
as the cross section area of the current wire.

In the following we will observe the loop from the system S’ where the loop is
moving with velocity v to the right (β = v/c and γ = 1/

√
1− β2). We will now

examine the system in S’.
b) What is the length and width of the loop in S′?
c) Show that the parts AB and CD of the loop have charge ±aIv

c2
in S′.

d) Show that the loop’s electrical dipole moment is p′ = − 1
c2

m× v.
e) Find the current density in the four parts of the loop. Show that the current is Iγ

in the AB and CD and I/γ in BC and DA.
f) Show that the magnetic moment in S′ is m′ = (1− β2/2)m.

Problem 13.2 (Exam 2007)

In a circular loop of radius a an oscillating current of the form I = I0 cos ωt is running.
The current loop lies in the x, y plane. We use the notation ex, ey and ez for the
Cartesian unit vectors in the directions x, y and z, in order to reserve the symbol j for
the current density. The current loop is at all times charge neutral.

a) Explain why the electric dipole moment p of the current loop vanishes, and
show that the magnetic dipole moment has the following time dependence, m(t) =
m0 cos ωt ez , with m0 as a constant. Find m0 expressed in terms of a and I0.
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As a reminder, the general expressions for the radiation fields of a magnetic dipole
are

E(r, t) = − µ0

4πcr
m̈ret × n ; , B(r, t) = −1

c
E(r, t)× n (1)

with mret = m(t− r/c) and n = r/r. In the following we assume that we study the
fields far from the current loop (in the radiation zone) where the expressions (1) are
valid.

b) Write down the expressions for the radiation fields for points on the x axis far
from the current loop and show that that they have the form of electromagnetic waves
that propagate in the direction away from the loop. What is the polarization of the
waves?

c) Use the general expression for Poynting’s vector S to find the radiated power
per unit solid angle dP

dΩ , in the x direction. What is the corresponding radiated power
in the direction of the z axis?
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