
Relativity and
Special Relativity
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Frames of reference
Whenever you take a measurement, you use a frame 
of reference. It could be the earth, or the inside of a 
car, or a surfboard. There are two types:

• An inertial frame of reference is one which is not 
experiencing acceleration. It has constant motion 
(or no motion).

• A non-inertial frame of reference is one which 
is experiencing acceleration. It is speeding up, 
slowing down or changing direction.
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Galileo said that all steady motion is relative and 
cannot be detected without reference to an outside 
point.  Write some examples of this.

• In other words, you cannot tell if you are moving or 
not unless you look outside. This only applies to 
inertial (steady) motion.

• Equivalently, we can say that the laws of physics are 
the same in every inertial frame of reference, and so 
there is no experiment which can detect your 
motion (unless it looks outside). 

Relativity introduced
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Taking it further...
Even if you do refer to an external frame of 
reference (look outside), there is no conclusive way 
to say what is moving and what is stationary. 

v v

Those guys are 
moving at 2v

Those guys are 
moving at 2v

They are both
moving at v

Everyone is correct
from their own FOR

http://www.illustrationsof.com/34092-royalty-free-moon-clipart-illustration
http://www.test-me.co.uk/computing/multimedia/clipart.html
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continued...

Question: If you were travelling in a train which 
was moving at the speed of light, would you be able 
to see your reflection in a mirror? Why/Why not?

One inertial frame of reference is not preferred 
to another inertial frame of reference.

You can only say that there is relative motion 
between two frames of reference. One perspective 
cannot be preferred (or believed) over another.
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Albert Einstein
Einstein thought about this train problem extensively. 
He realised that there was a problem:

• If the person cannot see their reflection, there is 
now a way of detecting steady motion without 
looking outside. Relativity has been violated.

• If the person can see their reflection normally, then 
someone outside the train will see light moving at 
twice it’s normal speed in order to reach the mirror. 
This is also a violation of physics.
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Special Relativity
In 1905 Einstein published three postulates relating to 
this problem. They became known as the theory of 
special relativity:

1. relativity always holds (so the passenger would see 
their reflection normally).

2. the speed of light is the same for everyone (ie. for 
the passenger and the outside observer).

3. the aether is irrelevant (this was consistent with 
earlier findings of Michelson and Morley).

7



Consequences
In order for these three postulates to be true, other 
physical quantities must become variable, including:

• length

• time

• mass

Essentially, when there is movement at high velocities, 
our perception of length, time and mass must change. 
We observe them to be different.

This is a radical change from Newtonian physics, in 
which time is considered absolute (same for everyone). 
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