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Week 7 Problem Set Solutions 
 
 
Problem 1 (3 points for each question, for a total of 9 points).  
 
Grading note:  The intent of this problem was to provide a basic “pole-in-the-barn” type of problem in a 
different context. Unfortunately, I did not define it as clearly as I should have, and even after I added a 
clarification to it (below) it still lent itself to too many interpretations in parts (b) and (c). In addition, as 
pointed out by many, there was a typographical error in the listed answers to part (b). As announced, 
therefore, I will give you credit for 3 points each on parts (b) and (c) if one or both wrong answers on 
those parts keep you from scoring the required minimum of 70% on the problem sets to receive a 
certificate of completion. (I will not adjust individual scores, but will simply factor it in at the end of the 
course.) 
 
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? 
 
Answer:  The Star Fleet observer will observe the distance between the spaceships to be contracted by 
the Lorentz factor γ. So we have (25/γ) = 20, which means γ = 25/20 = 1.25. Using γ = (1 – v2/c2)1/2 we 
find that v = 0.6c. 
 
 
(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? 
 
Clarification: Because the spaceships are going at 105% of the maximum speed calculated in part (a), 
the Star Fleet observer will observe them to be less than 20 km apart when the two simultaneous 
photographs (from the Star Fleet observer's perspective) are taken. Use this observed distance (a value 
less than 20 km) and the 105% velocity value to calculate the asked-for time difference. (Hint: "leading 
clocks lag.") 
 
Answer: We will do the problem with the clarification and without the clarification. In both cases the 
velocity v of the spaceships will be (1.05)(0.6c) = 0.63c, which gives a Lorentz factor of 1.29. 
 
Problem as clarified: In the Star Fleet frame of reference, the distance between the ships is length 
contracted: distance = 25/1.29 = 19.4 km. This is the distance between the ships when the simultaneous 
photographs occur (the left-end photo clock positioned at 0 km and the right-end clock at 19.4 km). In 
the spaceships’ frame of reference, however, these photographs are not simultaneous due to the 



relativity of simultaneity. In particular, we have the “leading clocks lag” effect, where the left-end clock 
(the leading clock as seen by the spaceships) lags the right-end clock by an amount Dv/c2, with v = 0.63c 
and D being the distance between the clocks as measured in the Star Fleet frame of reference (as we 
noted when we derived the “leading clocks lag” effect quantitatively). So D is 19.4 km, and the time 
difference between the clocks is (19.4 km)(0.63c)/c2 = (19.4)(0.63)/c = (19.4)(0.63)/(300,000 km/sec) = 
0.000041 seconds. 
 
Problem done without the clarification: Without the clarification, the problem is a more involved (more 
involved than was intended). In this case, we’re told that the photos occur 20 km apart, at each end of 
the test section. But note that this also means that the photos of the spaceships cannot be simultaneous 
in the Star Fleet observer’s frame of reference (even though the problem states that they are 
simultaneous), because the spaceships are 19.4 km apart in that frame. (The clarification above kept the 
simultaneity of the photos by noting that the distance is actually 19.4 km; in this case, we’ll keep the 20 
km distance and drop the simultaneity criterion.) 
 
Also, in order to reduce roundoff errors below, we note that a slightly more precise Lorentz factor is 
1.288 (not 1.29) and therefore the distance is 19.41 km, not 19.4, so that’s what we’ll use.  
 
In order to figure out what happens, consider three synchronized clocks in the Star Fleet observer’s 
frame of reference: one at the left end at 0 km, one at the right end at 20 km, and one positioned at 
19.41 km.  
 
Label the spaceships the “trailing spaceship” (the left spaceship) and the “leading spaceship” (the right 
spaceship), with both moving to the right, of course. Remember that in the spaceship frame of reference 
the two spaceships are always 25 km apart. 
 
Let the entrance to the distance test section be at the origin (x = 0) in both the Star Fleet frame of 
reference and the spaceship frame of reference. Also, when the leading spaceship enters the test 
section, let the Star Fleet clock there and the clock on the leading spaceship both read 0. (If a photo 
were taken of both clocks at the instant the leading spaceship passed the entrance, both clocks would 
read 0.) 
 
Now let the spaceships travel forward until the trailing spaceship reaches the entrance at x = 0 km, and 
another photo is taken. When this photo is taken, the Star Fleet observer also takes a simultaneous 
photograph of the leading spaceship (“simultaneous” in the Star Fleet frame of reference). Because the 
distance between the spaceships is length contracted to 19.41 km in the Star Fleet frame, this 
photograph of the leading spaceship will occur at 19.41 km in the Star Fleet frame (because the trailing 
spaceship is at 0 km when the photos are taken). What time do these photos occur in the Star Fleet 
frame? We know that the spaceships are traveling at 0.63c, and that the leading spaceship has traveled 
from 0 km to 19.41 km during this time in the Star Fleet frame. So the elapsed time in the Star Fleet 
frame is 19.41/0.63c (where c = 300,000 km/sec) , which = 0.0001027 seconds. To reiterate, this is the 
Star Fleet clock time at which the photograph of the trailing spaceship is taken at the 0 km mark. 
 
Then the Star Fleet observer takes one more photo when the leading spaceship reaches the 20 km mark. 
To move from the 19.41 km mark to the 20 km mark, which is a distance of 0.59 km, it takes the 
spaceship 0.59/0.63c = 0.0000031 seconds. Therefore, in the Star Fleet frame, there is a time difference 
of 0.0000031 seconds between the time of the photograph of the trailing spaceship when it’s at 0 km 
and the leading spaceship when it’s at 20 km. So in the Star Fleet frame the photograph of the trailing 
spaceship at 0 km occurs at 0.0001027 seconds and the photo of the leading spaceship at the 20 km 
mark occurs 0.0000031 seconds later, at 0.0001027 + 0.0000031 = 0.0001058 seconds. 
 
Now let’s analyze it from the perspective of the spaceships (with their synchronized lattice of clocks). 
Focus first on the leading spaceship as it travels at 0.63c from the 0 km mark (when the spaceship clocks 



were reading 0) to the 19.41 km mark (the distance as measured in the Star Fleet frame). In the 
spaceship frame, this distance is length contracted to 19.41/γ = 19.41/1.288 = 15.07 km. So when the 
leading spaceship gets to this position, the spaceship clocks read 15.07/0.63c = 0.00007974 seconds. 
The leading spaceship then travels to the right end of the test section. This is an additional 0.59 km in 
the Star Fleet frame, but is length contracted to 0.59/γ = 0.59/1.288 = 0.458 km in the spaceship frame. 
At 0.63c, it takes the spaceship 0.458/0.63c = 0.00000242 seconds to go this extra distance. So when the 
leading spaceship reaches the 20 km mark (according to the Star Fleet frame, or 15.07 + 0.458 = 15.528 
km in the spaceship frame) and the photo is taken, the spaceship clock reads 0.00007974 + 0.00000242 
= 0.00008216 seconds (compared to 0.0001058 for the Star Fleet clock). 
 
But where is the trailing spaceship at this point in time? Remember that in the spaceship frame the 
trailing spaceship is always 25 km behind the leading spaceship. So if the leading spaceship is at 15.528 
km (in the spaceship frame), then the trailing spaceship is at 15.528 – 25 = -9.472 km. In other words, it 
hasn’t even reached the test section yet! It still must travel an additional 9.472 km to get there, which 
takes an additional 9.472/0.63c = 0.0000501 seconds. So according to the spaceship lattice of clocks, the 
trailing spaceship reaches the 0 km mark at 0.00008216 + 0.00005012 = 0.00013228 seconds. 
 
To summarize: 
 In the Star Fleet frame, the photograph of the trailing spaceship at the 0 km mark occurs at 0.000127 
seconds according to the Star Fleet clocks, and the photograph of the leading spaceship at the 20 km 
mark occurs 0.0000031 seconds later, at 0.0001058 seconds. 
 
In the spaceship frame, the photograph of the trailing spaceship occurs at 0.0001322 seconds according 
to the spaceship clocks, and the photograph of the leading spaceship at the end of the test section (20 
km to the Star Fleet observer, but 15.528 km to the spaceships) occurs at 0.00008216 seconds. So 
clearly the spaceship pilots would disagree not only with the time difference as calculated by the Star 
Fleet observer, but also with the order of the events (the Star Fleet observer saying that the photo of 
the leading spaceship at the end of the test section occurred after the photo of the trailing spaceship at 
the beginning of the test section, while the spaceship pilots see it the other way around). 
 
One final note: 
How do we account for the significant discrepancy in the time measurements? Remember that we have 
done this type of thing before, i.e., it’s explained (and everything made consistent) by remembering that 
leading clocks lag. For example, when the leading spaceship is at the beginning of the test section (at 0 
km), it observes the Star Fleet clock at the 19.41 km mark to be (19.41)(0.63c)/c2 = 0.00004076 seconds 
ahead of the Star Fleet clock at the 0 km mark (this is the Dv/c2 factor by which leading clocks lag). It 
takes the leading spaceship 0.00007974 seconds (on its clock) to reach the 19.41 km mark (as we 
calculated above). During this time, it will observe the Star Fleet clocks to tick off 0.00007974/γ = 
0.00007974/1.288 = 0.00006191 seconds (due to moving clocks running slow). So when the leading 
spaceship reaches the 19.41 km mark, it expects the Star Fleet clock there to read 0.00004076 + 
0.00006191 = 0.00010267 seconds, which is exactly the clock value that we calculated above using an 
analysis for the Star Fleet frame of reference (we got 0.0001027 seconds, which is 0.00010267 rounded). 
We could do a similar calculation to verify that the results are also consistent at the 20 km mark. 
 
 
(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? 
 
Clarification: For this calculation, use the distance (less than 20 km) between the simultaneous photos 
as observed by the Star Fleet observer in part (b), and use the 105% velocity value. Also, don't forget to 
take into account the length contraction of the Star Fleet observer's distance that the pilots observe. 
 



Answer: Using the clarification, the length contraction is 19.4/1.29 = 15.04 in the ships’ frame; so 15.04 
– 25 = -9.96 km. 
 
Without the clarification (assuming that the distance is 20 km), we actually did the calculation in part (b) 
above. That is, the leading spaceship is at 15.528 km (in the spaceship frame), so the trailing spaceship is 
at 15.528 – 25 = -9.472 km 
 

 
 
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? 
 
Clarification: The problem states that the cable can stretch up to 135% of its rest length before 
breaking. Assume that the 135% stretch value is true for any length the cable might be (such as when it 
undergoes length contraction). So to start, you need to figure out how short, or length contracted, can 
the unstretched cable become and still be able to stretch to 200 meters? 
 
 
Answer = 0.67c. The question is how short, or length contracted, can the cable become and still stretch 
to 200 meters? The shortest the cable can be is 148.1 meters, because 200/148.1 = 1.35, or 135%; in 
other words, when it’s 148.1 meters long, it can still stretch up to 200 m. Therefore, when the 
spaceships are in motion, the cable can be length contracted to 148.1 meters, but beyond that it will 
break. Another way to say this is that the cable can be length contracted by a factor of 1.35, because 
200/1.35 = 148.1; but this is simply the Lorentz factor, and the velocity that gives a Lorentz factor of 1.35 
is 0.67c. 
 
 

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.) 
 
Answer = 0.986c. Bob observes his clock tick off 60 years, and he observes Alice’s clock tick off 10 years. 
The Lorentz factor is therefore 6, giving a velocity of 0.986c. 
 
(b) How far is it to the star in Bob’s frame of reference? 
 
Answer = 29.58 light years. From Bob’s perspective, it takes Alice 30 years to reach the star on the 
outbound journey at a velocity of 0.986c, and 30 times 0.986c = 29.58 light years. 
 
(c) How far is it to the star in Alice’s frame of reference (while she is traveling)? 
 
Answer = 4.93 light years. If it’s 29.58 light years in Bob’s frame of reference, the distance is length 
contracted in Alice’s frame of reference by the Lorentz factor of 6, and 29.58/6 = 4.93. 
 



(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? 
 
Answer = 58.33 years. When she takes the first photo, Bob’s clock is running behind her clock by the 
“leading clocks lag” factor of Dv/c2, where D = 29.58 light years and v = 0.986c. When she takes the 
second photo, Bob’s clock is running ahead of her clock by the “leading clocks lag” factor of Dv/c2, where 
D = 29.58 light years and v = 0.986c. So the total difference is 2Dv/c2, or 58.33 years. This result is 
consistent with the fact that Alice observes Bob’s clock run slow during her trip by a factor of 6, i.e., her 
clocks tick off 10 years, so she observes his clocks to tick off 10/6 = 1.67 years for the round trip, and 
1.67 years plus 58.33 years is 60 years. So both Alice and Bob agree that his clocks tick off 60 years 
during the trip. 
 
 
 

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? 

Solution: We actually did this problem (with different numbers) during the Week 8 video lectures. We 
need to get to the center of the galaxy in 15 years and then travel another 15 years back. If you traveled 
at a speed such that the Lorentz factor is 2,000, then the distance to the center of the galaxy would be 
length contracted to 30,000/2,000 = 15 light years. And at a Lorentz factor of 2000, you are traveling 
very close to the speed of light (0.99999987c). So it would take you just slightly more than 30 years to 
get there and back again (30.0000039 years), assuming that you could turn around very quickly when 
you reached the center of the galaxy and get back up to speed again. 

Given a constant acceleration starting from rest, the velocity attained at any given time t is v = at. So if 
you could accelerate at 10 m/s2, and you want to reach v = 0.99999987c, then t = 29,999,996 seconds, 
which is about 347 days. (Of course, as we discussed during Week 8, such a constant acceleration would 
require enormous amounts of energy, because as the velocity gets higher, it takes more and more 
energy to keep accelerating.) 

 


