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Week 4 Problem Set Solutions 
 
 
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) 
Answer = 1.0001 
 
(b) v = 0.1c (30,000 km/second) 
Answer = 1.005 
 
(c) v = 0.25c (75,000 km/second) 
Answer = 1.03 
 
(d) v = 0.5c (150,000 km/second) 
Answer = 1.15 
 
(e) v = 0.75c (225,000 km/second) 
Answer = 1.51 
 
(f) v = 0.9c (270,000 km/second) 
Answer = 2.29 
 
(g) v = 0.99c (297,000 km/second) 
Answer = 7.09 
 
(h) v = 0.999c (299,700 km/second) 
Answer = 22.4 
 
 
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.) 

To calculate the velocity, given a value for γ, the formula is:    𝑣 = 𝑐�1 − 1
𝛾2

 

Note that answers are rounded to the nearest 100. 
 
(a) γ = 1.1 
Answer = 125000 km/sec 
 
(b) γ = 1.25 
Answer = 180000 km/sec 
 
(c) γ = 1.5 
Answer = 223600 km/sec 
 
(d) γ = 2 
Answer = 259800 km/sec 
 



(e) γ = 5 
Answer = 293900 km/sec 
 
(f) γ = 10 
Answer = 298500 km/sec 
 
 
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? 
Answer: For v = 0.6c (180,000 km/sec), γ = 1.25. Bob will observe a contracted length for Alice’s ship by 
a factor of γ. That is, the length will be 50/1.25 = 40 meters. 
 
(b) At the same time, Alice measures the length of Bob’s ship. What value does she get? 
Answer: In Alice’s frame of reference, Bob and the spaceport are moving to the left at a speed of 0.6C. 
So Alice will observe a contracted length for Bob’s ship by a factor of γ. That is, the length will be 
50/1.25 = 40 meters. 
 
(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? 
Answer: The observed contracted length is 20 meters. The proper length (in Alice’s frame of reference) 
is 50 meters. So we have  γ times 20 = 50 meters. This means that γ = 50/20 = 2.5, which gives a velocity 
of 274950 km/sec, or 0.917c.  
 
 
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? 
Answer: For v = 0.6c (180,000 km/sec), γ = 1.25. He will observe her clock tick to be longer than his by a 
factor of γ. (To remember whether he observes her clock tick to be longer or shorter, remember the 
light clock diagram: he observes the light beam in her light clock to take the longer, diagonal path 
compared to his light clock.) So he will observe her clock tick to be (0.001 seconds)(1.25) = 0.00125 
seconds according to his clock. 
 
(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? 
Answer: We’re reminded from part (a) that Bob will observe Alice’s clock to tick more slowly than his 
clock (“moving clocks run slow”). So the elapsed time on Alice’s clock, as Bob observes it, will be less 
than the elapsed time on his clock by a factor of γ. That is, her clock reads (60 minutes)/(1.25) = 48 
minutes. 
 
Additional note: How does Alice explain the situation? When she passes the space station her clock 
reads 48 minutes (it has to, based on the photo evidence). But note that it’s not that she is passing the 



space station; rather, from the perspective of her frame of reference she is motionless, and so it is the 
space station (and previously, the spaceport where Bob is) passing her at a speed of 0.6c. And therefore 
she sees the distance from the spaceport to the space station to be contracted by a factor of γ. In Bob’s 
frame of reference, this distance is (0.6c)(60 minutes), which works out to be 648 million km. So for 
Alice, the distance is (648 million)/1.25 = 518 million km. And at a speed of 0.6c, this distance is covered 
in 48 minutes. In other words, everything works out consistently in Alice’s frame of reference, and 
everything is consistent in Bob’s frame of reference. 
 
 
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.) 
 
Answer: 
In an observer’s  frame of reference on Earth, the particle travels 8.5 km at a speed of0.9c (270,000 
km/sec) until it decays. It’s time of travel is therefore (8.5 km)/(270,000 km/sec) = 0.0000315 seconds 
on the observer’s clocks. This is the time-dilated value of the particle’s lifetime in its rest frame of 
reference. In other words, to an observer on Earth, the internal “clock” of the particle runs slow 
compared to the observer’s clocks, and therefore it will live for a longer time measured by the 
observer’s clocks. The particle’s rest lifetime is therefore shorter than this time, and will be 0.0000315/γ, 
where γ for a velocity of 0.9c is 2.29. So the rest lifetime is 0.0000315/2.29 = 0.0000138 seconds.  
 
(Recall the muon example: in the Earth frame of reference it lives for a longer time, by a factor of γ, than 
its lifetime in its rest frame of reference. For the muon, we knew the rest lifetime and calculated its 
lifetime in the Earth frame of reference. In this problem, we know the Earth frame lifetime and are 
calculating the rest frame lifetime.) 
 
 


