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Week 4 Problem Set 
 
Instructions: Work out the answers to the following problems on paper and then submit your answers 
via a link on the Quizzes page labeled "Week 4 problem set (submit answers)." Click the "Attempt Quiz" 
button and you will find each individual question listed with several possible answers. (Note that there 
are five problems in the problem set but twenty questions total. Also note that the “submit answers” 
link will not be available until Tuesday, April 30, in order to encourage you to work out the answers 
without having the benefit of seeing the possible answers. In real life, of course, we usually don’t get the 
answers, or possible answers, in advance.) Choose the answer you think is correct for each question, 
and then click the "Submit" button at the bottom of the page when you're ready. There are 24 points 
total. If you choose to take the quantitative approach to the course, your score on this problem set will 
count toward your overall course score (though your lowest problem set score will be dropped). 
 
Important: You are only allowed to submit your answers once, so before you do so, double-check that 
you have answered all the questions and your answers are as you think they should be. The deadline is 
Wednesday, May 8 at 11:59 pm PDT (GMT -0700). 
 
Second important note: It is okay to work together on the problems and/or give tips in the forums, but 
please do not post the answers, as it defeats the purpose of building understanding by working on (and 
sometimes struggling with) the problems. 
 
 
Problem 1 (1 point for each question, for a total of 8 points). Calculate the value of the Lorentz factor 
for the following velocities. 
(a) v = 0.01c (3,000 km/second) 
(b) v = 0.1c (30,000 km/second) 
(c) v = 0.25c (75,000 km/second) 
(d) v = 0.5c (150,000 km/second) 
(e) v = 0.75c (225,000 km/second) 
(f) v = 0.9c (270,000 km/second) 
(g) v = 0.99c (297,000 km/second) 
(h) v = 0.999c (299,700 km/second) 
 
 
Problem 2 (1 point for each question, for a total of 6 points). Calculate the value of the relative velocity 
in km/second between two frames of reference for the following values of the Lorentz factor. (Use 
300,000 km/second for the speed of light.) 
(a) γ = 1.1 
(b) γ = 1.25 
(c) γ = 1.5 
(d) γ = 2 
(e) γ = 5 
(f) γ = 10 
 
 
Problem 3 (1 point for each question, for a total of 3 points). Alice and Bob have identical spaceships, 
each with a proper length of 50 meters. Bob docks his ship at the spaceport while Alice flies by him to 
the right at a speed of 0.6c.   
(a) As Alice flies by, Bob measures the length of Alice’s ship. What value does he get? 



(b) At the same time, Alice measures the length of Bob’s ship. What value does she get? 
(c) Alice flies by a second time and this time Bob measures the length of Alice’s ship and gets a value of 
20 meters. How fast is Alice going with respect to Bob? 
 
 
Problem 4 (1 point for each question, for a total of 2 points). Alice and Bob have identical spaceships, 
each equipped with identical light clocks. Bob docks his ship at the spaceport while Alice flies by him to 
the right at a speed of 0.6c.   
(a) With his light clock next to him, Bob measures the length of one tick of the clock to be 0.001 seconds. 
(This value isn’t necessarily very realistic, i.e., it would be much shorter, on the order of a nanosecond. 
But use the value given as it makes the numbers a little easier to work with.) As Alice flies by, he 
compares one tick of his clock to one tick of her clock. According to his observation, what is the length of 
her clock tick? 
(b) Bob observes that, according to his clock (or really, his lattice of synchronized clocks), Alice’s ship 
takes 60 minutes to travel from his location to a distant space station. When Alice passes that space 
station, Bob records the time on his clock (located at the space station, i.e., it’s part of his lattice of 
synchronized clocks) and the time on Alice’s clock by taking a photo of them. According to Bob’s photo, 
how much time has elapsed on Alice’s clock between the time she passed him and the time she passes 
the space station? 
 
 
Problem 5 (5 points). Imagine that you are a physicist studying particles created by cosmic rays colliding 
with atoms in the upper atmosphere at a height of 10 kilometers above the surface of the Earth. Using 
special equipment attached to a large weather balloon, you discover that a certain kind of particle is 
detected as low as 1500 meters above the surface, but no lower. In other words, it is created at a height 
of 10 kilometers and travels down to a height of 1.5 kilometers, where it decays into other particles. You 
also measure the speed of the original particle and get a value of 0.9c. Given this information, what is 
the lifetime of the particle (in seconds) in its own frame of reference (i.e., when it is at rest, not in 
motion)? (The lifetime is the amount of time it exists between being created and decaying into other 
particles. Also note: The numbers given here do not correspond to any actual particle, but are just for 
the exercise.) 
 
 


