PH 1130 Introduction to Modern Physics

Practice Problem Set #1: Relativity 1

1. (a) What must one’s speed be, relative to S, in order that one’s clocks will lose 1 second
per day as observed by S? (b) What if they lose 1 minute per day?

2. A space explorer sets off at a steady v = 0.95¢ to a distant star. After exploring the star
for a short time, the explorer returns at the same speed and arrives home after a total absence
of 80 years (as measured by someone at home). How long do the explorer’s clocks say the
trip took? How much has the explorer aged?

3. A rocket of proper length 40 m is observed to be 32 m long as it passes the observer.
What is the rocket’s speed relative to the observer?

4. A meter-stick is moving with a speed of 0.8c relative to frame S. (a) What is the stick’s
length as measured by an observer in frame S, if the stick is parallel to its velocity v? (b)
What if the stick is perpendicular to v? (¢) What if the stick is at 60° to v, as seen in the
stick’s rest frame? (d) What if the stick is at 60° to v, as measured in frame S?

5. The two frames S and S” are in the standard configuration (origins coinciding at = ¢" = 0,
x and x” axes parallel, and the relative velocity along the x-axis). Their relative speed is 0.5c¢.
An event occurs on the x-axis at x = 10 light seconds (that is x = 3x10° m, the distance light
would travel in 10 seconds) at a time # =4 s in the frame S. What are its coordinates x’, )’,
z',t" as measured in S"?

6. Two inertial frames S and S” are in the standard configuration, with relative velocity v
along the line of the x and x" axes. Consider any two events, 1 and 2. (a) From the Lorentz
transformations, derive expressions for the separations Ax’, Ay’, Az’, At’ in terms of Ax, Ay,
Az, At between these two events. (b) If Ax = 0 and Ar =4 s, whereas At" = 5 s, what is the
relative speed v and what is Ax"?

7. The frames S and S” are in the standard configuration with relative velocity 0.8c along the
x-axis. (a) What are the coordinates (x), y1, z1, #1) in S of an event that occurs on the x"-axis
withx;" = 1500 m and #;" =5 ps? (b) Answer the same for a second event on the x"-axis with
x2'=-1500m and #," = 10 ps. (c) What are the time intervals, Af and A¢’, between the two
events as measured in S and S"?

8. (a) Two events occur in an inertial frame: event 1 occurs at the origin at time #; =0 s,
and event 2 occurs at (x2, ¥2, z2) = (4, 0, 0) m at time #, = 1x10™% s. Can you find another
inertial frame in which event 2 precedes event 1? If so, give an example of such a frame, and
calculate the coordinates and times of the two events in the new frame.



9. A group of m mesons is observed traveling at a speed of 0.8¢ in a particle-physics
laboratory. (a) What is the factor y for the pions (n-mesons)? (b) If the pions’ proper half-
life is 1.8x10™® s, what is their half-life as observed in the lab frame? (c) If there were
initially 32,000 pions, how many will be left after they travel 36 m? (d) What would the
answer to (c) be if one ignored time dilation?

10. In a laboratory, a proton collides with a hydrogen atom at (x, y, z) = (0, 0, 0) meters.
Simultaneously, a pion decays into a muon and a neutrino at (x, y, z) = (1000, 0, 0) meters.
Calculate the separation in time between these two events in a frame in which the two events
occur at (x’, y’, z") = (0, 0, 0) and (125, 0, 0) meters, respectively. Comment on the meaning
of “simultaneous”.
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