Beiser Chapter 1 Exercise 41

Question

Mass and Momentum: In its own frame of reference, a proton takes 5 min to cross the Milky Way
galaxy, which is about 10° light-years in diameter. (a) What is the approximate energy of the proton
in electron volts? (b) About how long would a proton take to cross the galaxy as measured by an
observer in the galaxy’s reference frame?

Solution

a) In its own frame, the distance travelled by the proton is L = Lg+/1 — v2/¢? where Ly is the diameter
of the Milky Way and v = L/t, ¢ being the 5 min taken to cross it.
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Hence the velocity of the proton is ¢(1 — 4.525 x 1072!) i.e. near light speed.
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The total energy of the proton is approximately 10'° eV

b) Time taken for proton to cross in the galaxy’s frame is (1 —4.525 x 10721)10° light-years i.e. about
the same as a photon or 10° light-years.

J D Cain



