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In this problem you are asked to derive some aspects of Lorentz transfor-
‘mations, using some thought experiments devised by Einstein. Einstein’s
thought experiments involve an idealized clock (Fig. 2.1(a)) in which a
ht wave (or a massive particle) is bouncing back and forth between two
ors. The clock “ticks” when the light wave makes a round trip from
or A to mirror B and back.

(a) Derive the time dilation formula of special relativity as follows.
ming that light has velocity c in every frame, how much slower does the
k tick in a frame (Fig. 2.1(b)) in which it has velocity V in a direction
perp endicular to the separation between the mirrors than it ticks in its rest

me.
(b) According to special relativity, the time dilation factor is the same
all clocks of a given velocity, independent of how they operate. Suppose
in Einstein’s clock a massive particle rather than a photon is bouncing
ween the mirrors. In the rest frame of the clock , the massive particle
s velocity v < c. Derive the Lorentz transformation law for velocities as
ws. What must be the velocity of the massive particle in the frame
ered in exercise (a) if it is required that the clock, when operated
h a massive particle, ticks more slowly in this frame than in its rest
e by the same time dilation factor found in (a)?

(c) Now derive the Lorentz contraction law for length. Suppose again
that the clock is operated with a photon of velocity ¢, but suppose that it
rotated by 90° before being set in motion, so that now (Fig. 2.1(c)) it
s velocity V parallel to the separation between the mirrors. How much

that the ticking is slowed down in the moving frame relative to the rest
ame by the same time dilation factor found in (a)?
(Princeton )
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(a) A muon at rest lives 10~® sec, and its mass is 100 MeV/c?. How
energetic must a muon be to reach the Earth’s surface if it is produced high
in the atmosphere (say ~ 10 m up)?

(b) Suppose to a zeroth approximation that the Earth has a 1 gauss
magnetic field pointing in the direction of its axis, extending out to 10* em.
How much, and in what direction, is a muon of energy E normally incident
at the equator deflected by the field?

(c) Very high energy protons in cosmic rays can lose energy through
collision with 3 K radiation (cosmological background) in the process p +
A — p+ 7. How energetic need a proton be to be above threshold for this
reaction?

(Princeton)




3.

[image: image4.jpg]2003
A light beam is propagating through a block of glass with index
refraction n. If the glass is moving at constant velocity » in the
direction as the beam, what is the velocity of light in the block as meas)
by an observer in the laboratory?
(MI
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This problem is to be analyzed according to the doctrines of s
relativity.

An observer A at rest relative to fixed distant stars sees an isoti
distribution of stars in a finite galaxy: the number of stars seen within




[image: image6.jpg]element of solid angle d? is PdQ2 = %dﬂ, where N is the total number of
stars that A can see.

Another observer B moves uniformly along the z-axis relative to A with
a large velocity v = fe. Let 6 and ¢ be respectively the polar (with respect
to the z-axis) and azimuthal angles in the inertial frame of B, and let
P'(0',¢')dSY be the number of stars in the element d’ = sin §'d6'dy’ seen
by B.

(a) Compute P’ as a function of §', ¢/, assuming that every star seen
by A can be seen by B.

(b) Also in particular discuss for the limiting case § — 1 what B sees
in (1) the forward direction, (2) the backward direction.

(Princeton)
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In flat space-time, a spherical star has total luminosity L. Thus, at a
distance r from its center, an observer at rest relative to the star sees an
energy flux of L/4mr2.

(a) Using spherical polar coordinates centered on the star, write down
the energy-momentum tensor for the radiation.

(b) An observer at radius r is in motion with velocity v; vy is the
component of v along the line joining the observer to the center of the star,
and v, is the component perpendicular to that line. What will the observer
measure the energy flux to be in terms of Z,r,v) and v, ?

(c) A photon of frequency v, in the rest frame of the star is emitted
from its surface. What frequency will the observer in part (b) measure for
this photon?

(Princeton)
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Consider the collision of n bodies in a Lorentz frame S. The bodies
are small enough to be adequately characterized by their rest masses and
velocities, and they collide simultaneously at the same point. Assume the
velocities and rest masses to be v, and m, (a=1,...,n) before collision,
and v, and m;, (@ = 1,... ,n) after collision. (All m, and my, are positive.)

For given v, and m, call a collision maximally melastu: in S if after
the collision the sum of kinetic energies of all bodies has the smallest value
compatible with energy a.nd momentum conservation. (The kinetic energy
of a body is mac?[(1 — ) 12 _1].)

(a) Find v/, and m/, — to the extent that they are determinate — for
a maximally inelastic collision.

(b) Is the notion of a maximally inelastic collision Lorentz invariant?
Explain.

(Princeton)
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The radar speed trap operates on a frequency of 10° Hz. What is
beat frequency between the transmitted signal and one received after

ection from a car moving at 30 m/sec?
(Wisconsin)
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A plane monochromatic electromagnetic wave propagating in free space
is incident normally on the plane of the surface of a medium of index of
refraction n. Relative to stationary observer, the electric field of the incident
wave is given by the real part of EQ¢i(k2=w") where z is the coordinate along
the normal to the surface. Obtain the frequency of the reflected wave in
the case that the medium and its surface are moving with velocity v along

the positive z direction, with respect to the observer.
(SUNY, Buffalo)
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In the inertial frame of the fixed stars, a spaceship travels along,
z-axis, with z(t) being its position at time ¢. Of course, the velocity v
acceleration a in this frame are v = %f— and a = %;f— Suppose the motic
to be such that the acceleration as determined by the space pass
is constant in time. What this means is the following. At any i b
we transform to an inertial frame in which the spaceship is moment
at rest. Let g be the acceleration of the spaceship in that frame at
instant. Now suppose that g, so defined instant by instant, is a consta

You are given the constant g. In the fixed star frame the spaceship
starts with initial velocity v = 0 when z = 0. What is the distance :
traveled when it has achieved a velocity v?
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compared with the speed of light c.
(CUSPEA)




