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Finstein brilliantly hypothesised the existence of quanta (photons) of light to
gether with the encrgy-frequency relation B = hf. In a theory consistent with
special relativity this should be generalized to a relation between the energy
momentum four vector (£, p) and another four veetor with first component

hf. The relation is
(E,p) = (hf, hk) (1

where k is the wavevector of the electromagnetic radiation. Note that the
magnitude of the momentum part of the generalized energy frequency relation

can be rewritten as
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which motivated de Broglie in his definition of ‘matter waves’.

A

(i) Verify that the relation (1) is consistent with the constant velocity of light
being e. [Hint: the relativistic energy momentum relation for a particle of rest
mass g is B = (moc?)? + (pe)?. What rest mass must the photon have given
that the relativistic expression for the velocity is v = dF /dp?]




