
PHYSICS 2D QUIZ 1 FALL QUARTER 2021 
PROF. HIRSCH    

Justify all  your answers to all  problems. Write clearly. 
Formulas: 
Time dilation; Length contraction: Δt=γΔt
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Inverse transformations: u→−u, primed↔unprimed ;    Doppler: f ' = f
1±u / c
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--------------------------------------------------------------------------------------------------------- 
See other side of this page for problems 4 and 5. 
 
Problem 1 (6 points) 
The proper lifetime of an elementary particle is 240 ns. It is moving at speed 0.8c. 
(a) How far can it travel in the earth's reference frame before decaying? Give your answer 
in m. 
(b) According to an observer moving with the particle, how far does it travel before 
decaying? 
 
 
Problem 2 (6 points) 
There are two twins, one lives in Los Angeles and one in New York. They both light 
candles on their birthday. 
You are flying from Los Angeles towards New York. According to you, which of the 
twins is older? 
(a) Justify your answer using the Lorentz transformation. 
(b) Explain your answer  using the second Einstein postulate, that the speed of light 
has the same value c in all inertial reference frames. 
 
 
 
Problem 3 (6 points) 
 
                                    back                    Car                front       

 
 
You are running at speed u=0.5c and pass a long car that is at rest with respect to the 
ground and is 600 m long. When you go by the back of the car you turn on your 
stopwatch, and you stop it when you go by the front of the car. 
(a) What is the time that your stopwatch measures, in µs? 
(b) According to an observer in the car, how long did it take for you to run by the car? 
 
 
 
 

u 600m 
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Problem 4 (6 points) 
You are driving pretty fast, the traffic light that you are approaching looks green to you, 
but after you go by it you look back and it looks red to you.  
(a) How fast were you driving, in km/s? 
(b) What was the color of the light according to the policeperson on the ground that gave 
you a ticket for speeding? Justify your answer. 
Wavelengths: red, orange, yellow, green, blue=700nm, 620nm, 590nm, 550nm, 470nm. 
 
 
Problem 5 (6 points) 
You are walking on a moving walkway at the airport that moves at speed 0.45c with 
respect to the ground. You need to be moving at twice that speed with respect to the 
ground, i.e. at speed 0.9c,  to make it to your plane in time.   
(a) How fast do you need to walk with respect to the walkway? Give your answer as a 
numerical factor times c. 
(b) According to Galileo rather than Einstein, if you are walking at the speed found in (a) 
with respect to the moving walkway, how fast are you moving with respect to the 
ground? Faster or slower than c? 
 
 
Bonus problem for extra credit (6 points) 
You are diagnosed with terminal cancer and have 1 year to live. Your kid is graduating 
from college in 2 years and you had promised to attend the graduation ceremony. So you 
tell your kid: "I love you to the moon and back and will not miss your graduation".  
How many times do you have to travel to the moon and back in order to keep your 
promise? 
Distance earth-moon: 384,400 km. Ignore acceleration. 
 
 
 
 
 
 
 


