
FYS 3120 Classical Mechanics and Electrodynamics
Spring semester 2013

Problem Set 14

Problem 14.1

The figure 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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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 14.2

An electric point charge q is moving with constant velocity v along the x-axis of the
inertial frame S, as illustrated in the figure. Assume it passes the origin of S at t = 0.

a) Give the expression for the scalar potential φ0(r′) of the charge in its rest frame
S′. With the four-potential transforming Aµ(x) as a four-vector under Lorentz trans-
formations, determine its components in the reference frame S as functions of the
coordinates (ct, x, y, z) in the same frame.

b) Determine the electric field E and the magnetic field B in the reference frame
S, as functions of (ct, x, y, z).
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A magnetic dipole, with dipole moment m, is at rest in S, at the position (x, y, z) =
(0, d, 0). The dipole vector m points in the x-direction.

c) The field from the moving charge acts with a time dependent torque on the dipol,
M = m×B. Find the expression for the torque.

d) Assuming the magnetic dipol can be viewed as a small current loop the force on
the dipole from the field produced by the moving charge is F = ∇(m ·B). Determine
the the force.

(As an interesting point to note, the force produced on a dipole composed by two
monopoles of opposite signs is slightly different, F = (m ·∇)B. This is of the same
form as the standard expression for the force on an ellectric dipole.)

Problem 14.3 (Exam 2004)

A muon is an unstable, charged particle, which can be viewed as a heavy version of
the electron. It has a life time which we will call τ0. In this problem we consider the
situation where a muon, which is created in a given reference frame S at time t = 0,
is moving linearly in a constant electric field E. The velocity in S is v = 0 at t = 0.
The mass of the muon is m0 and the charge is e.

a) The relativistic form of Newton’s second law is

d

dt
p = F (1)

with p as the relativistic momentum and F as the force acting on the particle. Use this
to determine the momentum p og and the energy E of the muon as functions of the
time coordinate t in S. (We do not take into account the reaction of radiation from the
muon on its motion.)

b) Show that the life time of the muon, as measured in S, is given by

t0 =
1

k
sinh(kτ0) , k =

eE

m0c
(2)
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c) The accelerated muon will radiate energy according to the formula (Larmor’s for-
mula)

P =
µ0e

2

6πc
a0

2 (3)

with a0 as the muon’s proper acceleration and P as the radiated power from the parti-
cle. P is a Lorentz invariant quantity, which means that the expression (3) is valid in
any chosen inertial frame. Use the formula to find the energy that the muon radiates
within its life time t0.
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