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These questions can all be considered and explained using the theory of relativity proposed by Albert Einstein in 1905. This theory, as its name suggests, deals with measurements made in systems that are in motion relative to each other. Such a system is known as a frame of reference. For example, consider a train moving along a railway track. 


Measurements made in the train are relative to the train and the train is therefore one frame of refer​ence, while measurements made at the side of the track are relative to the ground, the other frame of reference. For example if you swing a ball round your head in the train on a piece of string you see it moving in a circle while someone watching from the side of the track will see it move in a much more complicated orbit.

A plane flying is yet another frame of reference, as is a car moving along a motorway or a ship sailing at sea. You can appreciate that there are many possible frames of reference all equally important to the people within them who think that their frame of reference is the "centre of it all".

While you read this you are probably sitting still - but ‘still’ relative to what? Even if you are in a building, the building is fixed to the Earth that is itself rotating and also travelling round the Sun. The Sun is moving within our galaxy and the galaxy is moving relative to others in the universe.

However Einstein’s theory of relativity is most important when we are dealing with objects moving at high speeds, and by high speed we mean a substantial fraction of the speed of light.

Assumptions in relativity

Einstein made two vital assumptions or postulates when he proposed the theory of relativity and these are:

If we assume these, then we must abandon some of our other more traditional ideas, such as the constancy of mass, length and time. This means that if one object is moving relative to a frame of reference, then the mass and length of the body measured from the frame of reference will be different from those measured with instruments travelling with the body. Even more unusual, time measured by a clock travelling with the body will differ from that measured by a clock at rest in the frame of reference! 

Length appears to get smaller, mass increases and time appears to pass more slowly in a moving frame of reference when viewed from a stationary frame. Any such differences are very small, however, unless the relative velocities are very large, that is, approaching that of light.

Special and general Relativity

There are basically two types of relativity:

(a) special relativity, that deals with frames of refer​ence in uniform relative motion, and

(b) general relativity, that deals with frames of refer​ence in non-uniform relative motion, for example, one frame accelerating relative to the other. 

The laws of Newtonian Physics, such as F = ma, hold very well for our everyday lives but at speeds close to that of light considerable divergencies occur. 

The consequences of special relativity

Imagine for a moment that we live in a world where the velocity of light is small, say 20 ms-1 (nearly 45 m.p.h.). Then the predictions of the theory of special relativity would become much more obvious (see Figure 1).

If we stood at a street corner in this strange world and watched traffic passing by, then all the cars would appear shortened and even people would appear a little thinner than they were when standing still. If you put a friend in a shopping trolley and tried to push a trolley along, not only would it seem to get thinner (as observed by a person watching you go by) but you would also find that as you went faster and faster the trolley would seem heavier and heavier and so become more difficult to accelerate.

Imagine that you had gone to the station in the morning to say goodbye to your friends who were going by train to the nearest town (at no more than 45 m.p.h.) and agreed to meet them there in the evening. They would seem to have aged little, but to them you would have looked a lot older - time for a moving frame of reference runs more slowly than for one at rest!

Satnavs and relativity

In order to give the required degree of accuracy (to the nearest 10m) the satnavs used in cars have to take into account both special and general relativity. This is because of the motion of the car, Earth and satellites and the time taken for the radiation pulse to travel from the satellite to the car and back.



If you are driving along a road in a car how do you know that you are moving?


Is it you that is moving or the road?


If you are in deep space in a box with no windows how do you know if you are stationary or moving?


Why is it that subatomic particles in accelerators are more and more difficult to accelerate as they approach the speed of light?


Why is it that muons apparently reach the Earth's surface in a time that is longer than that in which they would have been expected to decay?


Why does the orbit of Mercury precess around the Sun?


Why does a beam of light bend in a gravitational field?


Why is the light coming from very massive stars and black holes with high gravitational fields slightly reddened?












































(a) physical laws are obeyed in all frames of reference,


(b) the velocity of light in free space is constant in all inertial frames of reference. 
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Figure 1
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