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Spring semester 2008

Problem Set 12

Problem 12.1
Exam 2006, Problem 2

An electron, with charge e, moves in a constant electric field E. The motion is deter-
mined by the relativistic Newton’s equation

d

dt
p = eE (1)

where p denotes the relativistic momentum p = meγv, with me as the electron rest
mass, v as the velocity and γ = 1/

√
1− (v/c)2 as the relativistic gamma factor.

We assume the electron to move along the field lines, that is, there is no velocity
component orthogonal to E.

a) Show that the electron has a constant proper acceleration a0 = eE/me, which
is the acceleration in an instantaneous rest frame of the electron.

b) Show that if v = 0 at time t = 0, then γ depends on time t as

γ =
√

1 + κ2t2 (2)

and find κ expressed in terms of a0.
c) Show that if we write γ = cosh κτ then τ is the proper time of the electron.

As a reminder we give the following functional relations:

cosh2 x− sinh2 x = 1 ,
d

dx
coshx = sinh x ,

d

dx
sinhx = cosh x (3)

Problem 12.2
Exam 2004, Problem 3

The muon is an ustable, charged particle, which can be viewed as heavy cousin of the
electron. It has a mean life time, measured in the rest fame of the particle, which we
call τ0. We study here a muon that is created in the laboratory at time t = 0, and which
moves in a straight line under the influence of a constant electric field E. The velocity
is v = 0 at time t = 0. The rest mass of the muon we denote m0 and the charge e.

a) The relativistic version of Newton’s 2. law can be written as

d

dt
p = F (4)

with p as the relativistic momentum and F as the force acting on the particle. Use
this equation to find the relativistic momentum p and its relativistic mass m ≡ γm0

as functions of the laboratory time t. (We neglect the effects of radiation from the
accelerated particle.)
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b) Show that the life time of the muon, measured in the laboratory frame, is

t0 =
1
k

sinh(kτ0) , k =
eE

m0c
(5)

c) The accelerated charge emits electromagnetic radiation, with a power (emitted en-
ergy per unit time) given by the formula

P =
µ0e

2

6πc
a0

2 (6)

with a0 as the proper acceleration of the particle. Note that P is a Lorentz invariant
quantity, so that the expressien (6) can be used to find the radiated energy in any inertial
frame. Find an expression for the total energy radiated by the muon during its life time.

Problem 12.3
Exam 2005, Problem 2
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A photon with energy Ef = 100 keV is scattered on a free electron which is, before
the scattering, at rest in the laboratory frame. After the scattering the energy of the
photon is E′

f , and the direction of propagation makes an angle θ relative to the direction
of the incoming photon. The rest energy of the electron is Ee = mec

2 = 0.51MeV,
and after the scattering it has an energy which we denote by E′

e. The electron is
scattered in a direction which makes an angle χ relative to the direction of the incoming
photon.

We examine this process both in the lab frame S (Figur 2a) and in the center of
mass system S̄ (Figur 2b). In the center of mass system all variables are marked with
a ”bar”, for example with Ēf as the energy of the incoming photon.

a) What is meant by the center of mass system? Use the transformation formulas
for energy and momentum to determine the relative velocity between the lab system
and the center of mass system.

b) Explain why the energy of the incoming and outgoing photon is the same in the
center of mass system and find this energy.

c) If θ = 90◦ what is the energy of the outgoing photon in the lab system? What is
the corresponding energy of the outgoing electron?
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