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1. (20 points.) Determine the non-relativistic limit (v ≪ c) of the energy-momentum
relation

E2 = p2c2 +m2c4. (1)

Give physical interpretation for all the terms.

2. (20 points.) Prove that if pµ is a time-like vector and pµs
µ = 0, then sµ is necessarily

space-like.

3. (20 points.) Neutral π meson decays into two photons. That is,

π0
→ γ1 + γ2. (2)

Energy-momentum conservation for the decay in the laboratory frame, in which the meson
is not necessarily at rest, is given by

pαπ = pα
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. (3)

Or, more specifically,
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where Eπ and p are the energy and momentum of neutral π meson, and Ei’s and pi’s are
the energies and momentums of the photons. Thus, derive the relation

m2

πc
4 = 2E1E2(1− cos θ), (5)

where mπ is the mass of neutral π meson, and θ is the angle between the directions of p1

and p2.
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