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The constancy of the speed of light

Consider the fixed system K and the moving system K’.

At t = 0, the origins and axes of both systems are coincident with 

system K’ moving to the right along the x axis. 

A flashbulb goes off at both origins when t = 0. 

According to postulate 2, the speed of light will be c in both systems 
and the wavefronts observed in both systems must be spherical.

K

The constancy of the speed of light is not 

compatible with Galilean transformations.

Spherical wavefronts in K: 

Spherical wavefronts in K’: 

Note that this cannot occur 
in Galilean transformations:

There are a 

couple of extra 

terms (-2xvt + 

v2t2) in the primed 

frame.
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What transformation will preserve spherical wave-fronts in both frames?

Try  x’= γ (x – vt) so that  x =  γ’ (x’ + vt’) , where γ could be anything.

By Einstein’s first postulate:    γ’ =  γ

The wave-front along the x’- and x-axes must satisfy:   x’ = ct’ and  x = ct

Thus:  ct’= γ (ct – vt) or t’= γ t (1– v/c)

and:  ct =  γ’ (ct’+ vt’) or  t =  γ’t’(1 + v/c)

Substituting for t in t’= γ t (1– v/c) :
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Some simple properties of γ:
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When the velocity is small:
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Finding the transformation for t’

Now substitute  x’= γ ( x – v t ) into  x = γ ( x’ + v t’ ):  

x = γ [γ (x – v t) + v t’ ]

Solving for t’ we obtain:  x − γ2 (x – v t)  =  γ v t’

or:                            t’ = x / γ v − γ ( x / v – t )

or:                            t’ = γ t + x / γ v − γ x / v

or:                            t’ = γ t + (γ x / v) ( 1 / γ2 − 1 )

or: 2( v / )t t x cγ′ = −

1 / γ2 − 1 =  −v2/c2

Lorentz Transformation Equations
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Lorentz Transformation Equations 

A more symmetrical form:
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Space and time are assumed to be homogeneous. 
Thus the above transformation equations must be linear. 

What’s happened if the are not linear? 
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A rod having L=1 coincides with y axis:
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Now we focus on:

We first focus on:

For all the points with x’=0, we have x=vt:
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Form second postulate of relativity for 

a spherical pulse propagated from origin we have:
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Properties of γγγγ
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