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1. A spaceship passes you at a speed of 0.90 c, and you measure its length to be 50 m. What is its measured length when at rest?

2. A beam of unknown elementary particles travels at a speed of 2.0 ( 108 m/s. When the particles are moving at this speed, their average lifetime is found by measurement to be 1.6 ( 10-8 s. What is their average lifetime when at rest?

3. A distant star has been measured as moving at a speed of 0.8 c away from the Earth. If a planet of this star sends radio signals to Earth once every second (according to their time scale), how often would we receive them (according to our time scale)?

4. The rest mass of a proton is 1.67 ( 10-27 kg. What would we measure as the mass of a proton moving at 0.90 c?

5. An astronaut who was 20 years old left to explore the galaxy in 1980, on a spaceship traveling at 2.5 ( 108 m/s. He returns in 2020. About how old will he appear to be?

6. A K+ meson has an average rest lifetime of 1.0 x 10-8 s. How fast must it be moving to double its average lifetime?

7. A star is 40.0 light-years from Earth (1 light-year is the distance that light travels in 1 year).

a. How far would you measure this distance to be if you traveled in a spaceship moving at 1.00 x 108 m/s?

b. How long would the trip last (for you)?

8. Tiny subatomic particles called mu-mesons (or muons) are created in collisions between cosmic rays and atoms at the upper limit of our atmosphere. At rest, muons have a mean lifetime of only 2.2 ( 10-6 s before disintegrating into other particles.

a. What is their mean lifetime if they travel at 0.99 c?

b. Not taking relativity into account, what is the average distance you would expect muons to move, at this speed, before disintegrating?

c. What actual distance, on the average, do they move before breaking apart?

9. A spaceship goes past a planet at a speed of 0.80 c. An observer on the planet measures the length of the moving spaceship as 40 m. He also says that his planet has a diameter of 2.0 ( 106 m.

a. How long does the woman on the spaceship measure the ship to be?

b. What does the woman on the spaceship measure the diameter of the planet 
to be?

c. According to the man on the planet, the spaceship takes 8.0 s to reach the 

next planet in his solar system. How long would the woman on the 


spaceship say it takes?

10. How much energy can be produced by the complete annihilation of 1.0 kg of mass?

11. How fast must a Greyhound “space bus” travel in order for its length to appear to contract to one-half its full length?

12. If one milligram (1 mg = 10-6 kg) of mass was converted into pure energy, how many joules of energy would be produced?

13. If a 47 m long spaceship appears to be 13 m shorter to an observer outside the spaceship. What is the speed of the spaceship?

14. A spaceship appears to be 31 m to an observer outside the spaceship and it travels at a speed of 0.78 c. What is the length of the spaceship at rest?

15. If a 35 metric ton spaceship is 10 metric tons heavier when it is traveling in space, what is its speed?

16. A spaceship is 55 metric tons when it is traveling at 0.5 c. What is its mass at rest?

17. If a 5.0 g mass is moving at a 0.23 c speed and 57% of it is changed into energy, how much energy would be released?

Answer Key
1. 1.1 ( 102 m

2. 1.2 ( 10-8 s
3. 1.7 s

4. 3.8 ( 10-27 kg

5. 42

6. 2.6 ( 108 m/s

7. a. 37.7 light-years
b. 37.7

8. a. 1.6 ( 10-5 s

b. 660 m


c. 4.68 ( 103 m
9. a. 67 m


b. 1.2 ( 106 m

c. 4.8 s
10. 9.0 ( 1016 J

11. 2.60 ( 108 m/s

12. 9 ( 1010 J

13. 2.07 ( 108 m/s

14. 49.54 m

15. 1.89 ( 108 m/s

16. 47.63 tons

17. m = 5.14 ( 10-3

E = 2.64 ( 1014 J
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