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Week 6 Problem Set Solutions 
 
Problem 1 (3 points for each question, for a total of 12 points). Consider the situation where we want 
to combine the spacetime diagrams of Alice and Bob, where Bob is moving at a speed of 0.4c to the right 
(positive x direction). If we draw Alice’s xA axis as horizontal and tA axis as vertical, answer the following 
questions. 
 
(a) What is the equation, written in terms of xA and tA, that describes Bob’s tB axis (the world line where 
xB = 0) on Alice’s diagram? 
Answer: From the Lorentz transformation, we have xB = γ(xA – vtA). Setting xB = 0 and v = 0.4c yields tA = 
xA/(0.4c). 
 
(b) What is the equation, written in terms of xA and tA, that describes Bob’s line of same location for xB = 
3 on Alice’s diagram? 
Answer: From the Lorentz transformation, we have xB = γ(xA – vtA). Setting xB = 3 and v = 0.4c yields tA = 
xA/(0.4c)  –  3/(0.4cγ), where γ is the Lorentz factor. 
 
(c) What is the equation, written in terms of xA and tA, that describes Bob’s xB axis (the world line where 
tB = 0) on Alice’s diagram? 
Answer: From the Lorentz transformation, we have tB = γ(tA – vxA/c2). Setting tB = 0 and v = 0.4c yields tA 
= 0.4xA/c 
 
(d) What is the equation, written in terms of xA and tA, that describes Bob’s line of simultaneity for tB = 3 
on Alice’s diagram? 
Answer: From the Lorentz transformation, we have tB = γ(tA – vxA/c2). Setting tB = 3 and v = 0.4c yields tA 
= 0.4xA/c  +  3/γ 
 
 
Problem 2 (1 point for each question, for a total of 6 points). In describing the light cone concept, we 
assumed that the main observer was positioned at the origin, i.e., the spacetime location (x = 0, t = 0). 
The concept works, however, if the observer is at any spacetime point. In this case we use the general 
form of the invariant interval equation, i.e., c2(Δt)2 – (Δx)2, where Δt = t2 – t1 and Δx = x2 – x1, with one 
spacetime point being (x1, t1), and the other spacetime point being (x2, t2). If the invariant interval 
between these two spacetime points is greater than 0, then it’s a timelike interval between the two 
points. If it is less than 0, then it is a spacelike interval. And if it is equal to 0, then it’s a lightlike interval. 
Calculate the type of interval for each of the following pairs of spacetime points. (Tip: To get a feel for 
what’s going on, it’s helpful to plot the points as well.) 

(a) x1 = 6, t1 = 3  and x2 = 4, t2 = 6. 

Answer: Timelike, because (Δt)2 > (Δx)2, i.e. 32 > 22 

(b) x1 = -1, t1 = 3  and x2 = 4, t2 = 1. 

Answer: Spacelike, because (Δx)2 > (Δt)2, i.e. 52 > 22 

(c) x1 = 7, t1 = 3  and x2 = 4, t2 = 0. 

Answer: Lightlike, because (Δt)2 = (Δx)2, i.e. 32 = 32 

(d) x1 = -2, t1 = -3  and x2 = 3, t2 = -2. 

Answer: Spacelike, because (Δx)2 > (Δt)2, i.e. 52 > 12 



(e) x1 = 1, t1 = 3  and x2 = 3, t2 = -3. 

Answer: Timelike, because (Δt)2 > (Δx)2, i.e. 62 > 22 

(f) x1 = 2, t1 = 5  and x2 = 5, t2 = 8. 

Answer: Lightlike, because (Δt)2 = (Δx)2, i.e. 32 = 32 

 

 
Problem 3 (2 points for each question, for a total of 6 points).  

Consider the “good guys vs. bad guys” problem, as described in the video lecture on “Cause and effect, 
or vice versa?”. If the good guys travel away from the bad guys’ planet at 0.8c, and it takes the bad guys 
5 years to invent and launch a faster-than-light ship that could travel at 4c to catch and attack the good 
guys, answer the following questions. 

(a) In terms of the frame of reference of the bad guys’ planet, when would the bad guys catch up to the 
good guys (assuming that t = 0 is when the good guys left the planet)? Tip: Note that the expression for 
the distance covered by the bad guys is (t – 5)(4c), where t is greater than 5 (i.e., after the launch of the 
bad guys’ super ship at t = 5 years). Set this expression equal to the expression for the distance covered 
by the good guys in a given time t, and then solve for t. 

Answer: The distance covered by the good guys in time t is vt = 0.8ct. Setting this equal to (t – 5)(4c) and 
solving for t yields t = 6.25 years. 

 

(b) According to the good guys’ clocks (in their frame of reference), when do the bad guys catch up to 
them? 

Answer: In comparison to the bad guys’ clocks, the good guys clocks are running slow by the Lorentz 
factor γ. For v = 0.8c, γ = 1.67. And 6.25 years (the elapsed time on the bad guys’ clocks) divided by 1.67 
yields 3.75 years. (Another way to calculate this is to note that the distance covered by the good guys in 
the bad guys’ frame of reference is (6.25 years)(0.8c) = 5 light years. To the good guys, however, this 
distance is contracted to 5/γ = 5/1.67 = 3 light years. And traveling at 0.8c, it takes 3.75 years according 
to the good guys’ clocks to cover a distance of 3 light years.) 

 

(c) According to the good guys’ clocks (in their frame of reference), when do the bad guys launch their 
super ship and set off after them? 

Answer: Using the Lorentz transformation, we have have tGG = γ(tBG – vxBG/c2), where at the time of the 
launch, tBG = 5 years and xBG = 0 (the bad guys launched the ship at t = 5 years from their home planet, 
which is at the origin in their frame of reference). Using γ = 1.67, we find tGG = 8.35 years for the time of 
the launch as observed in the good guys’ frame of reference. 

 

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

Consider the San Francisco to St. Louis to New York trip described in the video lecture on “Faster than 
light?”. In this example we focused on the apparent speed of the rocket as seen by an observer in New 
York. Now consider an observer in San Francisco who watches the rocket recede across the country. The 
rocket gives off flashes when it passes by St. Louis and when it passes by New York. Derive a formula 
that is similar to the one we derived in the lecture (but not exactly the same) and show that no matter 
how fast the rocket is actually going (up to a speed of c), the San Francisco observer will see the 
apparent speed of the rocket to be no greater than 0.5c. Tip: For this situation let Δt be the time it takes 
the rocket to go from St. Louis to New York at velocity v, and figure out an expression for the distance 
between the two flashes as they travel back (at the speed of light) toward the observer in San Francisco. 



Solution: 

As the rocket passes St. Louis, flash #2 is generated. When the rocket gets to New York flash #3 is 
generated. (Flash #1 is the flash generated when the rocket starts in San Francisco.) Flash #2 carries the 
image of the rocket from St. Louis back toward San Francisco. (It also goes forward toward New York, 
but we analyzed that situation in the video lecture.) It takes the rocket a time vΔt to travel from St. Louis 
to New York. During that time flash #2 has traveled a distance cΔt  toward San Francisco. So when flash 
#3 is generated and starts traveling west toward San Francisco, the distance between flash #2 and flash 
#3 is cΔt + vΔt (i.e., the distance covered by flash #2 heading west from St. Louis plus the distance from 
St. Louis to New York covered by the rocket in the time Δt). 

Both flash #2 and flash #3 travel at the speed of light, so the observer in San Francisco will see a time 
difference of (cΔt + vΔt)/c  between the flashes (time difference = distance between the flashes divided 
by their velocity). 

In actuality, the distance between the point where flash #2 was generated (St. Louis) and the point 
where flash #3 was generated (New York) is vΔt. 

So the apparent speed of the rocket, as seen by the observer in San Francisco, is this actual distance 
divided by the perceived time between the flashes, i.e.,  vΔt divided by( cΔt + vΔt)/c. A little algebra 
reveals that the Δt values cancel out and yields the apparent speed = (cv)/(c + v). 

If the velocity of the rocket is v = 0.8c, then the apparent speed = 0.45c. If the velocity of the rocket is v = 
0.99c, then the apparent speed = 0.497c. If the velocity of the rocket could reach c itself (or just slight 
below it), then the apparent speed = c2/(c + c) = c/2 = 0.5c. Thus we have shown that no matter how fast 
the rocket travels, the San Francisco observer will see its speed as no greater than 0.5c. 

 

 


