
PHYS 1301 IDEAS OF MODERN PHYSICS 

Relativity Test 

The following are practice questions for the test. You will need a simple calculator in the test (phones 

not accepted). Appended to this document is self-study material to help you master the problems. 

The following formulas will be given on the test paper: 
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         c = 3 x 108 m/s 

(m  is rest mass) 

1. Time Dilation 

1.1 Mars rotates about its axis once every 88 642 s. A spacecraft comes into the solar system 

and heads directly toward Mars at a speed of 0.800c. What is the rotational period of Mars 

according to the beings on the spaceship? 

[148 000 s] 

 

1.2 A bomb is designed to explode 2.00 s after it is armed. The bomb is launched from earth 

and accelerated to an unknown final speed. After reaching its final speed, however, the bomb 

is observed by people on earth to explode 4.25 s after it is armed. What is the final speed 

of the bomb just before it explodes? 

[0.882c] 

 
1.3 The figure shows a side view of a galaxy that is 50.0 light years in diameter (it takes 

light 50 years to cross it according to someone at rest in the galaxy). A spaceship enters 

the galactic plane with speed 0.995c relative to the galaxy. Assume that the galaxy can be 

treated as an inertial reference frame. How long does it take the spaceship to cross the 

galaxy according to a clock on board the spaceship? 

[5.02 years]  



 

 

2. Length Contraction 
 

2.1 A meter stick is observed to be only 0.900 meters long to an inertial observer. At what 

speed, relative to the observer, must the meter stick be moving? 

[1.31 x108  m/s] 

 

2.2 In question 1.3, determine the diameter of the galaxy as perceived by a person in the 

spaceship. 

 [4.99 light years] 

 

 
 
2.3 A cubic asteroid with side length 10.0 m is in an inertial reference frame. A rocket ship 
moves along one side of the asteroid as shown in the figure with speed 0.80c relative to the 

asteroid. An astronaut in the rocket ship measures the volume of the asteroid. What volume 

does the astronaut measure?  

[600 m3] 

 

 

3. Energy 

3.1 A muon particle has rest energy 105 MeV (energy unit 1 MeV = 1.6 x 10-13 J). What is its 

kinetic energy when its speed is 0.95c? 

[231 MeV] 

 

3.2 The average power output of a nuclear power plant is 500 Mega Watts, meaning it produces 
energy at a rate of 500 x 106 J/s. In one minute, what is the change in the mass of the 

nuclear fuel due to the energy being taken from the nuclear reactor? (Assume 100% efficiency). 

[3.3 x10-7 kg] 

 

3.3 During each hour of flight, a large jet airplane consumes 3330 gallons of fuel via 
combustion. Combustion releases 1.2 x106 Joules/gallon. One gallon of fuel has a mass of 2.84 

kg. Calculate the energy equivalent of 3330 gallons of fuel and determine the ratio (in 

percent) of this energy equivalent to the amount of energy released by combustion in one hour 

of flight. 

[4.69 x10-10
   %] 

 

 

 



 

4. Relative Velocity 

4.1 Two rockets, A and B, travel toward each other with speeds 0.5c relative to an inertial 

observer. 

 
Determine the speed of rocket A relative to rocket B. 

[0.8c] 

4.2 A starship approaches Earth at a speed of 0.8c relative to the planet. On 

the way, it overtakes a freight ship. The relative speed of the two ships as measured by the 

navigator on the starship is 0.5c. At what speed is the freight ship approaching the 

planet? 

[0.5c]  

 

4.3 Astronomers on Earth, an inertial reference frame, observe galaxies A and B that are 

moving away from the Earth as shown. The speeds indicated are those measured by the 

astronomers on Earth. What is the speed of galaxy B as measured by an observer in galaxy A? 

 
[0.95c] 

 

 

 

 

 

 


























