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Physics 601 Homework 5---Due Friday October 8

# 1. Astandard result in undergraduate relativity is the velocity addition formula:
Y= 1"_113’_;. This typically obtained by taking the product of two Lorentz
+ ViV,
transformations and the doing some algebra. A more straightforward way to
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particle moving with velocity ¥, with an associated four-velocity u" =
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velocity which corresponds to a Lorentz transformation A¥, =
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The four-velocity in the new frame isu” = A" 1,”.
» a. From the transformed four velocity find v, W4V i the new frame.
= A e +v
“b. For the case where V, is entirely along the x direction, show that v = ;—’———2—
+ Vv,

o 2. Consider relativistic transformations restricted to one spatial direction. In that
case, the velocity can be specified by a single number from -1 to 1 (in units with
c=1). Itis convenient to introduce the “rapidity” n with the property that
v = tanh(n). Note that while v is restricted from -1 to 1, 7 goes from - to co.
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b. Show that while velocities do not add linearly in relativity rapidities do. That
is one obtains the relativistic velocity addition formula by taking n=n, +n,.
In a certain sense this turns out to be just the hyperbolic trig version of the
angle addition formula for two-dimensional rotations.

* a. Show that the 4-velocity is given by u" =

3. Relativistic Kinematics: Consider the elastic scattering of two particles with masses
m, and m,. Suppose initially particle 1 is at rest and and particle 2 approaches it
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