Dilating Homework 
Relativity Homework Worksheet

The following problems have been taken from Halliday, Resnick & Walker, Fundamentals of Physics, 5th Ed. 1997; John Wiley & Sons, Inc., New York.
1. Quite apart from effects due to Earth’s rotational and orbital motions, a laboratory reference frame is not strictly an inertial frame because a particle placed at rest there will not, in general, remain at rest; it will fall.  Often, however, events happen so quickly that we can ignore the gravitational acceleration and treat the frame as inertial.  Consider, for example, an electron of speed v = 0.992c, projected horizontally into a laboratory test chamber and moving through a distance of 20.0 cm.
a) How long would that journey take?

b) How far would the electron fall during this interval?

c) What can you conclude about the suitability of the laboratory as an inertial frame in this case?

2. An unstable high-energy particle enters a detector and leaves a track 1.05 mm long before it decays.  Its speed relative to the detector was 0.992c.  What is its proper lifetime?  That is, how long would the particle have lasted before decay had it been at rest with respect to the detector?
3. A pion is created in the higher reaches of Earth’s atmosphere when an incoming high-energy cosmic-ray particle collides with an atomic nucleus.  A pion so formed descends toward Earth with a speed of 0.99c.  In a reference frame in which they are at rest, pions decay with an average life of 26 ns (26x10-9 seconds).  As measured in a frame fixed with respect to Earth, how far (on the average) will such a pion move through the atmosphere before it decays?
4. You wish to make a trip from Earth in a spaceship, traveling at constant speed in a straight line for 6 months.  You wish further for 500 years pass on the Earth while you make your journey.
a) How fast must you travel?

b) Does it matter whether you travel in a straight line on your journey?  If, for example, you traveled in a circle for 6 months, would you still find that 500 years had elapsed by Earth clocks if you were to instantaneously return to Earth?

5. Suppose there is a reference frame labeled “S”.  Suppose further that a meter stick in a second reference frame (labeled S’) makes an angle of 30o with the x’ axis.  If the S’ frame moves parallel to the x axis with speed 0.90c relative to frame S, what is the length of the stick as measured from S?
6. A space traveler takes off from Earth and moves at speed 0.99c toward the star Vega, which is 26 light-years (ly) distant.
a) How much time will have elapsed by earth clocks when the traveler reaches Vega?
b) How much time will have elapsed by earth clocks when Earth observers receive word from the traveler that she has arrived?  (Assume she communicates with some form of electromagnetic radiation).

c) How much older will Earth observers calculate the traveler to be (according to her) when she reaches Vega than she was when she started the trip?

ANSWERS:

1a.  6.72x10-10 seconds

1b.  2.21x10-18  meters

1c.  Because it falls through such an extremely small distance, for all intents and purposes the laboratory can be considered an inertial reference frame.

2.  4.44x10-13 seconds

3.  55 meters

4a.  0.9999995c

4b.  Yes – you must travel in a straight line – otherwise you are accelerating and are no longer in an inertial reference frame.

5.  0.63 meters

6a.  26.3 years

6b.  52.3 years

6c.  3.71 years

