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The reference system Y’ moves with respect to the system > with velo-

city

v parallel to the z-axis. Consider a particle of mass m which

moves with velocity @' in X', also parallel to the z-axis. Its four-
momentum p’ in ¥’ has components p’ = vy, (mu’,0,0,mc), where

Yo =1//1—u?/c?.

(a)

From the definition of four-momentum, we know that the four
components of the momentum transform as a four-vector. Use
the transformation properties of a four-vector to write down each
of the components of the particle’s four-momentum as seen in the
system X in terms of those listed above in the system >'.

A particle’s velocity can be easily obtained from its four momen-
tum by taking the ratio of the spatial and time components of the
four momentum. Use this fact and your result from part (a) to
relate the velocity of the mass m in 3 to that in ¥'. (You should
obtain the familiar formula relating the velocities v and v’ of m
in these two reference frames.)

Begin with the formula expressing the four-momentum compo-
nents in X in terms of the velocity @ and mass m. Use the result
from part (b) to replace the velocity u where it appears in these
formulae for p, and p4 by the formula expressing u in terms of the
velocities v’ and v. Show that the resulting equations expressing
p. and py4 in terms of m, v and v’ agree with those determined in

part (a).



