
PHYS 48R FALL 2014 HWA 4. Due Friday Nov 21’st.

1. Consider an apparatus at rest in an inertial frame S. This device emits
back to back photon pairs along the x̂ direction, each having energy Eo

in regular intervals of To; so two consecutive photons emitted in the +x
direction have a distance cTo among them.

Now consider a mirror of rest mass m moving along the x̂ direction with
a velocity v. Show that when a photon of energy Eo coming towards it
along the x̂ hits it elastically one has the following equation,√
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where β = v/c. Hint: After the collision the photon travels in the −x̂
direction.

Show thus that after k such photons collides with the mirror we have√
1 + βk
1 − βk

= k
2Eo
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+ 1

assuming β0 = 0.

Now show that the time interval between the collision k + 1 and collision
k is

∆tk =
To

1 − βk

If these photons are part of the chain created by the device described
above.

In between two collisions the mirror has constant speed. Show that during
this interval the proper ”duration” is

∆τk = k
2Eo

mc2
+ 1

Now calculate

pk+1 − pk
∆tk

≡ fk

and show that fk is a decreasing function.

Argue without calculation that such a light sail object can not move in
a way that will have constant proper acceleration. Hint: remember we
shown that after a while a constant proper accelerated spaceship can es-
cape from light rays emitted towards it from behind.

Now calculate the proper acceleration as a function of k to justify your
results.

2. Lorentz transformations in 3-vector form,
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Since there are no length contractions along directions perpendicular to
the relative velocity between two observers show that we have

ct′ = γ(ct− ~β · ~r)
~r′‖ = γ(~r‖ − ~βct)

~r′⊥ = ~r⊥

where c~β is the relative velocity of the two observers and γ−2 = 1 − β2,
as usual.

Show also that the following holds

~r′ = ~r + (γ − 1)β̂(β̂ · ~r) − γ~βct

Now define the velocity of a particle in the unprimed frame to be ~u = d~r/dt

and in the primed frame to be ~u′ = d~r′/dt′. Find ~u′(~u, ~β).

In a similar fashion express also the acceleration ~a′ ≡ d~u′/dt′ in terms of

~u, ~β and ~a where ~a = d~u/dt.

We know that the four momentum transforms like a four-vector (in the
same way as t and ~r). Thus show that we have

E′ = γ(E − c~β · ~p)
~p′ = ~p+ (γ − 1)β̂(β̂ · ~p) − γ~βE/c

3. Now assume that in an inertial frame which is at rest with respect
to the ground S a plane moves horizontally with velocity ~u = ux̂. It
moves at a constant height. At some time the plane emits a photon such
that in the frame of the plane the photon has energy Eo and is emitted
directly down again in the frame of the plane. Now assume there are
detectors continuously arranged along the x axis on the ground (y = 0)
level. What is the energy of the detected photon on the ground -and
hence its frequency)? What is the angle of incidence (with respect to the
vertical) of the photon as measured in the groud? If this detector is at
x = 0 on the ground infer the time in the ground frame it must have been
emitted.
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