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Week 7 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 7 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 three problems in the problem set with eight questions total, for a total of 24 points. There is also an 
optional “challenge problem” at the end (worth no points). Also note that the “submit answers” link will 
not be available until Wednesday, May 22, 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. 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 
Saturday, June 1 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 (3 points for each question, for a total of 9 points). Consider two spaceships that are 25 km 
apart, both traveling to the right (positive x direction) at the same speed. Star Fleet regulations require 
that spaceships maintain a distance of at least 20 km between them at all times, as measured by an 
observer at Star Fleet Headquarters.  
 
(a) If the two spaceships fly by Star Fleet Headquarters while maintaining the 25-km distance between 
them according to their frame of reference, what is the maximum speed they can go without violating 
the 20 km limit according to the Star Fleet observer? 
 
(b) The observer at Star Fleet Headquarters sets up a 20-km minimum distance test along a busy 
spaceship route, with spaceships traveling from left to right. To catch violators, the observer takes 
simultaneous photographs of pairs of spaceships at each end of the 20-km distance. The two spaceships 
referenced above travel through the distance test at 25 km apart (in their frame of reference) and a 
speed that is 105% of the maximum speed of part (a), and they receive a citation. The pilots protest, 
however, that the observer has done the measurement incorrectly because the two photographs were 
not taken simultaneously. In the pilots’ frame of reference, what is the time difference between the two 
photographs? 
 
(c) According to the pilots’ frame of reference, when the observer takes the photograph of the lead 
spaceship exiting the far right end of the 20-km distance test, what is the distance of the rear spaceship 
from the near (left) end of the distance test section? 
 

  



 
 
Problem 2 (3 points). Consider one spaceship that is connected to another spaceship with a strong 
cable. The rest length (proper length) of the cable is 200 meters, and it can stretch up to 135% of its rest 
length before breaking. The spaceships gradually build up speed, such that, according to a stationary 
observer, they always maintain a distance of 200 meters between them. At what velocity (as a fraction 
of the speed of light) does the cable break? 
 
 

Problem 3 (3 points for each question, for a total of 12 points). Alice and Bob are both 20 years old. 
Alice goes on a space journey to a distant star, and travels for 10 years (5 years there and 5 years back), 
according to her clock. When she returns she finds that, whereas she is now 30 years old, Bob is 80 years 
old. 
 
(a) How fast did Alice travel on her journey? (Assume that she traveled at a constant velocity, and that 
the time when she was decelerating and accelerating is minimal compared to the time spent at constant 
velocity, i.e., it can be ignored in the calculation.) 
 
(b) How far is it to the star in Bob’s frame of reference? 
 
(c) How far is it to the star in Alice’s frame of reference (while she is traveling)? 
 
(d) When Alice reaches the star (but has not slowed down yet), she takes an automatic photograph of 
Bob’s clock back on Earth (using her lattice of clocks). Then, as she leaves the star for the return journey 
(and is quickly back up to cruising speed), she takes another photograph of Bob’s clock back on Earth. 
When she returns to Earth she compares the two photographs. How much time elapsed on Bob’s clock 
between the two photographs? 
 
 
 

Challenge Problem (This problem is not worth any points, but if you want a challenge, try it.) 

Consider a round trip journey to the center of our galaxy, which is 30,000 light years from Earth (in the 
Earth frame of reference). How fast would you have to travel (at constant velocity) in order to make the 
round trip in 30 years according to your spaceship’s clock? When you returned, how many years would 
have passed on Earth? Assuming that you had a spaceship that could accelerate at 10 m/s2 
(approximately the acceleration due to gravity on Earth), how long would it take you to accelerate from 
rest to the velocity needed for the journey? 

 

 


