
FYS 3120 Classical Mechanics and Electrodynamics
Spring semester 2008

Problem Set 10

Problem 10.1

A monocromatic light source is at rest in the laboratory and sends photons with fre-
quency ν0 towards a mirror which has its reflective surface perpendicular to the beam
direction. The mirror moves away from the light source with velocity v. Use the
transformation formula for 4-momentum and the Planck relation E = hν to

a) find the frequency of the emitted and reflected light in the rest frame of the
mirror,

b) find the frequency of reflected light in the lab system.

Problem 10.2

Use conservation of relativistic energy and momentum to solve this problem.

Figure 1 shows a particle with rest mass m0 and (relativistic) kinetic energy T in
the laboratory frame S. The particle is moving towards another particle which is at
rest in S, with the same rest mass m0.
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Figure 1:

a) Find the velocity v of the first particle expressed in terms of the dimensionless
quantity α = T/m0c

2 (and the speed of light).

First we will assume that the particles collide in such a way that they form one
particle after the collision (totally inelastic collision.)

b) Determine the compound particle’s energy E, momentum P , velocity V and
rest mass M0. Find the change in the total kinetic energy of the system due to the
collision.

In the rest of the exercise we will assume that the situation before the collision is as
described earlier, but that the particles now collide elastically, i.e. after the collision the
two particles are the same as before the collision, with no change in their rest masses.
The collision happens in such a way that the particles after the collision make the same
angle, θ, with the x-axis in the lab frame S. See Figure 2.
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Figure 2:

c) Show that after the collision the particles have the same momentum (|p1| =
|p2|) and energy (E1 = E2).

d) Determine E ≡ E1 = E2 and p ≡ |p1| = |p2|.
e) Determine the angle θ. Find θ in the limiting cases when α = T/m0c

2 goes to
zero and to infinity. Show that θ < π/4.

Problem 10.3
Midterm Exam 2007, Problem 2
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A charged particle moves with constant speed in a circular accelerator ring. The
radius of the circle is R = 10 m and the speed of the particle corresponds to a rela-
tivistic gamma factor γ = 10. Examine first the motion of the particle in an inertial
reference system S where the accelerator ring is at rest (see figure). The motion takes
place in the x, y plane, and since at all times z = 0, we can view the motion in a
reduced 3 dimensional space time with coordinates x, y og t. Assume the particle to
be localized at the point A in the figure (with x = R and y = 0) at the time t = 0.

a) Find the speed v of the particle, the angular velocity ω and the period T , all
quantities determined in reference system S. What is the acceleration a of the particle
in S?

b) Explain what is meant by the proper time τ of the particle? How is τ related to
the coordinate time t? What is the period of circulation Tτ measured in proper time?

c) Find the space-time trajectory of the particle, with the coordinates xµ(τ) given
as functions of the particle’s proper time (µ = 0, 1, 2). What kind of curve does the
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trajectory form in the three dimensional Minkowski space? Find the three space-time
components of the 4-velocity Uµ(τ) and the 4-acceleration Aµ(τ) in reference system
S.

d) The acceleration measured in the instantaneous rest frame of the particle is
called the proper acceleration a0 of the particle. Compare the value of a0 with the
value of the acceleration a measured in S.

A new inertial reference frame S′ is introduced. It moves relative to S in such a
way that the particle at time t = 0 (τ = 0) is at rest in S′ (at point A in the figure).
The (Cartesian) coordinates in S′ are chosen so that the particle at this instant is in the
origin ofS′. The orientation of the coordinate axes are chosen so that the x′ axis (in
S′) is parallel to the x axis (in S) and the y′ axis is parallel to the y axis.

e) Write the transformation equations that relate the coordinates of the two inertial
frames S and S′.

f) At time t′ = 0 the accelerator ring forms a deformed circle in S′. Show that this
is an ellipse and determine the lengths of the two half axes of the elllipse.

g) Determine the world line x′µ(τ), µ = 0, 1, 2 of the particle, as it appears in
reference frame S′. Make a two dimensional plot that shows the trajectory in the x′, y′

plane.
h) In the inertial system S′ the acceleration a′ of the particle will vary with the

position of the particle in the ring. Where in the accelerator ring will the acceleration
a′ be maximal? Give an argument for the answer (a detailed evaluation of the acceler-
ation is not needed).
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