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This examination is open book, notes or any other material you wish to use. Work all problems. They are of
equal weight. Laptop computers are not allowed.
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l. Given two events with a four-vector interval between them [4,5,0,0]-

Is the interval time like? ff so, find the speed of the frame in which the two events occur at the same place
and the time between them.

Is the interval space like? If so, find the speed of the frame in which the two events occur at the same time
and the distance between them.
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a.
b.

In the frame of the rocket who smiled first?
By how much?
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3. A simple production reaction for antiprotons is using a gafirma ray incident on a proton target at rest'

That is: y+ p--pi p+ p. Findtheminimum energy of thegammatay for thereactionto occur'

Leave your answer in terms of m the mass of the proton'

Hints: Remember for a gamma ray E=pc and for threshold there is some frame in which the three final

particles at rest relative to each other'
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