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1. The Train Bomb Paradox.

(a) A train with proper length 100 m enters a tunnel with proper lengh 100 m. The train

moves along the track at 4
5
c. To the train observer the tunnel seems smaller than 100 m

and the front of the train will leave the tunnel before the back of the train enters it. How
long after the front of the train leaves the tunnel does the back of the train enter it?

(b) To the tunnel observer the train seems smaller than the tunnel. Since the train is observed
to be smaller than the tunnel, the back of the train will enter the start of the tunnel before
the front leaves the end. How long after the end of the train enters the tunnel does it take
before the front of the train leaves the tunnel?

(c) This disagreement about what happens first – the front of the train leaving the end of
the tunnel or the back of the train entering the start of the tunnel illustrates relativity of
simultaneity. It may seem odd, but its ok because the two events are occurring in different
places in both frames. To show there is no problem consider this plausible objection.
Suppose that a bomb is placed at the front of the train and that at the moment the front
of the train emerges from the end of the tunnel the bomb is triggered and detonates.
Fortunately there is a switch at the back of the train that can be used to disarm the
bomb. When the back of the train enters the tunnel the switch is turned on and the bomb
is disarmed. According to the train observers the bomb will go off because the front of
the train reaches the end of the tunnel before the back of the train. However, the tunnel
observers would say the back of the train enters the tunnel before the front reaches the
end and hence the bomb is disarmed. This is a problem – one observer says the bomb
goes off, the other says it doesn’t. Who is right? Resolve the discrepancy quantitatively?
Hint: Only look at the hint after having a discussion. Here is the hint: Really – have the
discussion first. Ok, here is the real hint: In order for the bomb to be disarmed a signal
must be sent from the back of the train to the front. What is the fastest speed such a
message could be sent. How long would each of those observers say that message would
take? In the tunnel’s frame will the signal reach the front in time? In the train’s frame –
will the bomb destroy the disarming switch before the back of the train enters the tunnel?.
Is there any consistency now?

2. Intergalactic Travel without Warp Speed.

(a) Suppose we wish to send a rocket traveling at constant speed v to a distant star. If the
average life-time of an astronaut is τ , write down an expression for how far, as measured
by earth observers, the rocket can travel in the lifetime of the astronauts. Hence show that
although the speed of the rocket must always be less than c, astronauts can in principle
travel an unlimited distance in their life-time.

(b) Suppose that in 2500 it becomes possible to build a spaceship capable of traveling the

2 × 1022 m distance from earth to the Andromeda galaxy in 50 years of space ship time.
Ignoring the time to accelerate and decelerate, what would the relativistic γ-factor be?
Hint: At some point in your calculation it will be helpful to express v as a function of γ.
(For comparison, the γ-factor for protons in the LHC at CERN is about 8000.)

(c) What would be the earliest date for the receipt on earth of a radio message indicating the
safe arrival at Andromeda of an expedition setting out in 2500?


