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Special Theory of Relativity 
Outcome(s): 

 describe the qualitative aspects of the special theory of relativity such as reference frames and 
the mass-energy equivalence principle 

 

Frames of reference -A frame of reference is a coordinate system (a set of axis) where motion and 

position can be explained mathematically. 

Inertial frame of reference - any frame of reference which is moving at a constant velocity relative to 

another. 

Which of the following would be an inertial frame of reference relative to you standing on the 

ground? 

a) a car taking off from a traffic light 

b) a car travelling down the road 

c) a satellite orbiting around the earth 

d) a penny dropped from a plane 

e) your friend standing 10 m away from you 

 

Postulates of Special Theory of Relativity: 

 1)  

 

 

 2)  

 

 

 

Both of the above postulates can only be true if both time and space can appear to be different to 

observers in different inertial frames of references. 

 

How long does it take for the photon of light to hit the roof in Mr 

Square's frame of reference? 

 

 

 

 

 

How long does it take for the photon of light to hit the 

roof in Mrs Circle's frame of reference? 
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Time Dilation 

Events occur at a slower rate in an inertial frame of reference that is moving with constant velocity 

relative to an observer in the local frame of reference.  The effects of time dilation become more 

apparent the faster an object is moving. 

 

Example Problem(s) 

 

A space ship is moving at 50% the speed of light 

towards planet Beta having left planet Alpha.  

Alpha and Beta are in the same frame of 

reference. 

 

1) What is the velocity of Alpha relative to Beta? 

 

2) Is time progressing faster, slower or at the same rate for the following scenarios? 

a) Observer on Alpha looking at a clock ticking on Beta 

b) Observer on Alpha looking at a clock ticking on the space ship 

c) Observer on the space ship looking at a clock ticking on the Alpha 

d) Observer on the space ship looking at a clock ticking on the Beta 

e) Observer on Beta looking at a clock ticking on the space ship 

 

 

Length Contraction 

The distance between two points (or the length of an object) in an inertial frame of reference that is 

moving at a constant velocity relative to an observer in the local frame of reference will appear 

shorter in the direction of that motion.  

 

Example Problem(s) 

 

 

 

 

 

If the situation above is when all objects are stationary relative to each other, redraw the situation 

for the following scenarios: 

1) What does someone on planet Alpha observe when the space ship travels at 87% the speed of 

light towards Beta? 

 

 

 

 

2) What does someone on the space ship observe when the space ship travels at 87% the speed of 

light towards Beta? 

Alpha Beta 

Space Ship 

Alpha Beta 

Space Ship 
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3) What does someone on the space ship observe when the space ship travels at 87% the speed of 

light travelling perpendicular to a line drawn between Alpha and Beta? 

 

 

 

 

 

No massive object (in Physics, a massive object is anything with non-zero mass) can travel at the 

speed of light.  As a massive object get faster, its mass increases, requiring more energy to increase 

its velocity, making it heavier still!  

 
 

 

Relativistic mass and rest mass 

The mass of an object travelling at a constant velocity relative to an observer in the local frame of 

reference increases compared to when that object is stationary. This is called the objects relativistic 

mass. The mass of an object when stationary is called the object's rest mass. 

 

Even when at rest, an object has energy related to Einstein's equation. Energy and mass are versions 

of the same thing. 

 

 

 

Example Problem(s) 

Using the graph above, what is the mass of a 1 g M&M when it is thrown at 

a) 10% the speed of light 

b) 50% the speed of light 

c) 80% the speed of light 

d) 95% the speed of light 

e) 99.999999999999999% the speed of light 
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Problems 

Each of the graphs below show how time and length change as an object approaches the speed of 

light. Both vertical axes show the relative change compared to when the object is at rest. 

 
1. Using the graphs above to explain your reasoning, why do observers say 

you do not appear to get thinner when you run, compared to standing still. 

2. If you could run at 70% the speed of light, how much thinner would you 

look if you looked into a hand held mirror? 

3. A Hyundai Getz is travelling at such a speed that you observe time to be 

progressing at only a 1/3 of its proper pace (proper means in your frame of 

reference). How fast is the Getz moving? 

4. The proper length of spaceship 1 is twice the proper length of spaceship 

2. An observer in an inertial frame on Earth finds the two spaceships, each 

travelling at a constant (but different) velocity to have the same length. The 

faster spaceship 1 is moving with a speed of 0.92c relative to Earth. 

Determine the speed of the slower spaceship relative to Earth. 

5. How is it possible that two twins can age differently when one blasts off in 

a return trip of the galaxy and the other remains on Earth when the special 

theory of relativity says both individuals would see time passing slower for 

the other? 

 

 

 

 

 

 

Answers 
1. Each graph shows that at small fractions of the speed of light, there is no significant change to time or length. Length 

contraction (and other relativistic effects) only occurs as objects reach a significant fraction of the speed of light. 

2. Not at all. As you are looking at a mirror in your own frame of reference there is no velocity between the two for length 

contraction to be observed. 

3. Around 95% the speed of light 

4. Either mathematically or intuitively, the answer is between 0.60c and 0.70c depending on how precise you read from the 

graph. 

5. The special theory of relativity only applies to inertial frames of reference. Since a return trip would require one frame to 

accelerate relative to another, the situation cannot be interpreted using special relativity. 


