
Understanding Einstein: The Special Theory of Relativity 
A Stanford University Online Course 
Larry Randles Lagerstrom, Instructor 

 
 

Week 5 Problem Set Solutions 
 
Problem 1 (Note change in scoring: Just the first six questions count for points—2 points each.) An 
excellent way to get a feel for how the Lorentz transformation works is to do a number of calculations 
with a variety of input values, and then look for patterns. For the calculations below, assume that Bob is 
moving to the right (positive x direction) in a spaceship with the velocity v as indicated, and that Alice is 
observing him go by. Assume that Bob observes a flash of light (an event) in his frame of reference at 
the locations and times indicated (the xB and tB values). For each case, calculate the location and time 
that Alice observes for the flash in her frame of reference (xA and tA values). Assume that when Bob 
passes by Alice, the clocks next to them both read 0. Use c = 1 light-second/second, so that distances are 
measured in light-seconds and times are measured in seconds. (For reference, remember that 1 light-
second is about 300,000 kilometers or 186,000 miles, i.e., the distance light travels in one second.) 
 
 
 (a) v = 0.1c, xB = 0, tB = 10 (xB = 0 means, of course, that the flash occurs at the location of Bob’s spaceship) 
xA is 1.01 light-seconds and tA is 10.05 seconds 
 
(b) v = 0.1c, xB = 0, tB = 20  
xA is 2.01 light-seconds and tA is 20.10 seconds 
 
 (c) v = 0.5c, xB = 0, tB = 10 
xA is 5.77 light-seconds and tA is 11.55 seconds 
 
(d) v = 0.5c, xB = 0, tB = 20  
xA is 11.5 light-seconds and tA is 23.1 seconds 
 
(e) v = 0.99c, xB = 0, tB = 10 
xA is 70.2 light-seconds and tA is 70.9 seconds 
 
(f) v = 0.99c, xB = 0, tB = 20  
xA is 140.4 light-seconds and tA is 141.8 seconds 
 
(g) v = 0.5c, xB = 100, tB = 0 (xB = 100 means that the flash occurs 100 light-seconds in front of the location 
of Bob’s spaceship, and similarly for the other values of xB) 
xA is 115.5 light-seconds and tA is 57.7 seconds 
 
(h) v = 0.5c, xB = 100, tB = 10  
xA is 121.2 light-seconds and tA is 69.3 seconds 
 
(i) v = 0.5c, xB = 100, tB = 20  
xA is 127.0 light-seconds and tA is 80.8 seconds 
 
 



(j) v = 0.5c, xB = 1000, tB = 0 
xA is 1154.7 light-seconds and tA is 577.4 seconds 
 
(k) v = 0.5c, xB = 1000, tB = 10  
xA is 1160.5 light-seconds and tA is 588.9 seconds 
 
(l) v = 0.5c, xB = 1000, tB = 20  
xA is 1166.2 light-seconds and tA is 600.4 seconds 
 
(m) v = 0.5c, xB = 100,000, tB = 0 
xA is 115470.1 light-seconds and tA is 57735.0 seconds 
 
(n) v = 0.5c, xB = 100,000, tB = 10  
xA is 115475.8 light-seconds and tA is 57746.6 seconds 
 
(o) v = 0.5c, xB = 100,000, tB = 20  
xA is 115481.6 light-seconds and tA is 57758.1 seconds 
 
(p) v = 0.99c, xB = 100, tB = 0 
xA is 708.9 light-seconds and tA is 701.8 seconds 
 
(q) v = 0.99c, xB = 100, tB = 10  
xA is 779.1 light-seconds and tA is 772.7 seconds 
 
(r) v = 0.99c, xB = 100, tB = 20  
xA is 849.2 light-seconds and tA is 843.6 seconds 
 
(s) v = 0.99c, xB = 1000, tB = 0 
xA is 7088.8 light-seconds and tA is 7017.9 seconds 
 
(t) v = 0.99c, xB = 1000, tB = 10  
xA is 7159.0 light-seconds and tA is 7088.8 seconds 
 
(u) v = 0.99c, xB = 1000, tB = 20  
xA is 7229.2 light-seconds and tA is 7159.7 seconds 
 
(v) v = 0.99c, xB = 100,000, tB = 0 
xA is 708881.2 light-seconds and tA is 701792.4 seconds 
 
(w) v = 0.99c, xB = 100,000, tB = 10  
xA is 708951.4 light-seconds and tA is 701863.3 seconds 
 
(x) v = 0.99c, xB = 100,000, tB = 20  
xA is 709021.6 light-seconds and tA is 701934.2 seconds 



 
Problem 2 (1 point for each question, for a total of 7 points). Gliese 581 is a red dwarf star located 20.3 
light years from Earth. It may have at least one planet that is similar in size to Earth and has an orbit that 
puts it in the star’s “habitable zone” for potential life forms. Lorena decides to check it out, so she hops 
in her spaceship and travels toward the star at a velocity of 0.99c, as observed by Cynthia back on Earth. 
Answer the following questions about her trip. (Assume that Lorena is moving at a constant velocity 
from Earth to the star, i.e., ignore the need for her to accelerate up to 0.99c. Also assume that Lorena’s 
clock and Cynthia’s clock on Earth read t = 0 when Lorena passes by Cynthia on her way to the star, and 
that both clocks are identical.) 

Solutions note: This problem is similar to the one done in lecture (see “Exploring time dilation and 
length contraction (‘Star Tours’)”). 

(a) How long does it take Lorena to reach the star, according to Cynthia? 

Answer:  20.3 light years divided by 0.99 light-years/year = 20.51 years. 

 

(b) To Lorena traveling in her spaceship, what is the distance to the star? 

Answer: In Lorena’s frame of reference, the distance to the star is length-contracted, i.e., distance = 
20.3 light years divided the Lorentz factor, which for v = 0.99c is 7.09. So the distance is 20.3/7.09 = 2.86 
light years. 

 

(c) Lorena, in her frame of reference, observes the star coming toward her at 0.99c. When it gets to her 
spaceship, she takes a photograph of her clock. What time does it read?  

Answer: Her clock runs normally in her frame of reference. From part (b), the distance the star travels to 
her spaceship is 2.86 light years. So the time taken is 2.86 light years divided by the speed of 0.99 light-
years/year, which = 2.89 years. 

 

(d) Lorena discovers, to her surprise, that Cynthia has been there before her and has left a clock behind 
that is part of Cynthia’s lattice of synchronized clocks (i.e., the clock is synchronized with Cynthia’s clock 
on Earth). Lorena photographs this clock as well. What time does it read? 

Answer: Because this clock is part of Cynthia’s lattice of synchronized clocks, and in part (a) we 
calculated that Cynthia measures the time for Lorena to travel to the star as 20.51 years, this clock must 
read 20.51 years. 

 

(e) While Lorena travels to the star, Cynthia monitors, from her perspective, how much time elapses on 
Lorena’s clock in her spaceship between Earth and the star. What is this elapsed time? 

Answer: From part (a), the elapsed time on Cynthia’s clock for Lorena’s trip is 20.51 years. Cynthia 
observes Lorena’s clock to be time-dilated (running slow) by the Lorentz factor, which is 7.09. So the 
elapsed time on Lorena’s clock that Cynthia observes is 20.51/7.09 = 2.89 years. 

 

(f) Lorena, in turn, monitors the time that elapses on Cynthia’s clock on Earth during the trip from Earth 
to the star. What is this elapsed time? 

Answer: From part (c), the elapsed time on Lorena’s clock is 2.89 years. She observes Cynthia’s clock to 
be running slow by the Lorentz factor (7.09). So she observes the elapsed time to be 2.89/7.09 = 0.41 
years. 

 



 

(g) After her trip, Lorena examines a photograph of Cynthia’s clock at the star that was taken just as 
Lorena was passing Earth on her way to the star (i.e., when Lorena’s clock on her ship was reading 0 and 
Cynthia’s clock on Earth was reading 0). According to the photograph, what time did Cynthia’s clock at 
the star read? 

Answer: Because of the relativity of simultaneity (and “leading clocks lag”), Lorena will observe that 
Cynthia’s clock on Earth will lag Cynthia’s clock at the star by the amount Dv/c2, where D is the distance 
between the two clocks as measured in Cynthia’s frame. We know D = 20.3 light years, v = 0.99c, and c = 
1 light-year/year. So the lag time will be 20.10 years. Because Cynthia’s Earth clock reads 0 at the time of 
the observation (as Lorena passes Earth), the clock at the star (which is ahead of the clock on Earth from 
Lorena’s perspective) reads 0 + 20.10 years = 20.10 years. 

 

Note: As discussed in the video lecture, the discrepancy in the time measurements between Lorena and 
Cynthia is actually not inconsistent when all aspects of the special theory of relativity are taken into 
account. Lorena observes that Cynthia’s clock at the star reads 20.51 years when Lorena is at the star. 
Meanwhile, Lorena only observes Cynthia’s clocks to tick off 0.41 years during the Earth-to-star trip. 
How to reconcile this observation, when Lorena observed Cynthia’s Earth clock to read 0 when the trip 
started? The “leading clocks lag” effect (relativity of simultaneity) is the answer. That is, in part (g) we 
learned that Lorena observes Cynthia’s clock at the star to be running 20.10 years ahead of Cynthia’s 
Earth clock. So when Lorena starts the trip at Earth, in her frame of reference Cynthia’s star clock is 
already reading 20.10 years. Lorena observes 0.41 years tick off Cynthia’s clocks during the trip, so that 
when she is at the star she will expect Cynthia’s star clock to read 20.10 + 0.41 = 20.51 years, which it 
does (part (a)). 

 
 
Problem 3 (1 point for each question, for a total of 5 points).  

For the problems below, put your answer in terms of c, i.e., something like 0.28c. 

Solution: For the following problems, we use the velocity combination formula: (u + v)/(1 + uv/c2). 

 

(a) If you are traveling in a spaceship that passes by Earth at a velocity of 0.2c, and you fire an escape 
pod from your spaceship (pointed in your direction of travel) that has a speed of 0.1c with respect to 
your ship, what is the speed of the escape pod from the perspective of a person on Earth?  

Answer: Speed = 0.29c 

 

(b) If you are traveling in a spaceship that passes by Earth at a velocity of 0.5c, and you fire an escape 
pod from your spaceship (pointed in your direction of travel) that has a speed of 0.3c with respect to 
your ship, what is the speed of the escape pod from the perspective of a person on Earth?  

Answer: Speed = 0.70c 

 

(c) If you are traveling in a spaceship that passes by Earth at a velocity of 0.8c, and you fire an escape 
pod from your spaceship (pointed in your direction of travel) that has a speed of 0.7c with respect to 
your ship, what is the speed of the escape pod from the perspective of a person on Earth? 

Answer: Speed = 0.96c 

 



(d) If you are traveling in a spaceship that passes by Earth at a velocity of 0.9c, and you fire an escape 
pod from your spaceship (pointed in your direction of travel) that has a speed of 0.9c with respect to 
your ship, what is the speed of the escape pod from the perspective of a person on Earth? 

Answer: Speed = 0.994c 

 

(e) If you are traveling in a spaceship that passes by Earth at a velocity of 0.999c, and you fire an escape 
pod from your spaceship (pointed in your direction of travel) that has a speed of 0.999c with respect to 
your ship, what is the speed of the escape pod from the perspective of a person on Earth? 

Answer: Speed = 0.9999995c 

 
 
Problem 4 (2 points for each question, for a total of 6 points). At time tE = 0 on Earth, Bob goes by Earth 
in his new spaceship at v = 0.8c, heading toward a star that is 6 light years away. He sets his clock to read 
0 as he passes Earth. Four years after he leaves Earth (according to Earth clocks), it is discovered that his 
model of spaceship has a serious flaw that might cause it to explode after traveling 5 light years or more. 
Fortunately, after he left Earth a revolutionary new spaceship technology was invented that made it 
possible to travel at 4 times the speed of light. So Alice sets off in one of these super spaceships at a 
speed of 4c to try to catch Bob and warn him of the danger. Because she is able to go five times as fast 
as Bob, she catches up to him 1 year later (or 5 years after he left Earth) at a distance of 4 light years 
away and successfully gets him to stop. In other words, she intercepts him at xE = 4 light years and tE = 5 
years, according to the Earth frame of reference.  

(a) When Alice arrives at his ship (at xE = 4 light years and tE = 5 years in the Earth frame of reference), 
what does Bob’s clock read? (Be careful to use the correct form of the Lorentz transformation. Note that 
to Bob, the Earth frame is moving to the left, i.e., the negative x direction.) 

Answer: The Earth frame of reference is moving to the left, so to find the (x,t) coordinates in Bob’s 
frame, we use the appropriate Lorentz transformation equation for time: tB = γ(tE – (v/c2)xE). Note the 
minus sign, because the Earth frame is moving to the left in Bob’s frame of reference. Using v = 0.8 light-
years/year, γ = 1.67, xE = 4 light years, and tE = 5 years, we find tB = 3 years for the time when Alice 
arrives at Bob’s ship according to his clock. 

 

(b) In the Earth frame of reference, Alice left Earth on her rescue mission at tE = 4 years, and of course xE 
= 0 for the location (i.e., in the Earth frame of reference Earth is located at the xE = 0 location). What 
would this time be in Bob’s frame of reference? (Again, use the Lorentz transformation.) 

Answer: To find the (x,t) coordinates in Bob’s frame, we use the Lorentz transformation equation again: 
tB = γ(tE – (v/c2)xE). Using v = 0.8 light-years/year, γ = 1.67, xE = 0 light years, and tE = 4 years, we find tB =  
6.7 years. 

 

(c) What is strange when we compare the results of (a) and (b)? 

Answer: In Bob’s frame of reference, Alice arrives at his spaceship (at year 3) before she leaves from 
Earth (at year 6.7). 

 

 
 


