
Space, Time and 
Galilean Transformation (II)



The Lorentz Transformation

• We seek a new transformation to replace 
the Galilean transformation, which:

– preserves the constancy of the speed of 
light (c) between inertial observers;

and,
– accounts for the problem of simultaneity 

between these observers



Derivation (I)

• Use 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 the 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.
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Derivation (II)
Spherical wavefronts in K: 

Spherical wavefronts in K’: 

Note: One differentiate t’ from t (simultaneity), therefore 
the Galilean transformation would not work:

One needs a different transformation



Derivation (III)

• K’ moving along x with respect to K:
– y’ = y and z’ = z

• One event in K should correspond to only 
one event in K’
– x’ = g(x-vt) [linear combination of (x-vt)]
– Postulate 1: same laws of physics � g= g’

� x = ct x’= g(x-vt)
x’ = ct’ x = g(x’+vt’)

=



Derivation (IV)
Finish the calculation. Show that: 

LORENTZ  Transformations

Note: Space and Time are now entangled !!!



Properties of b and g

g= 1 when v=0; g� � when v� c
v � c: no object is allowed to go faster than

the speed of light.

The effect shows up slowly:
When v<<c � g»1 (Galilean transformation)

Lorentz transformation

Galilean transformation

Velocities faster than the speed of light 
were allowed by classical mechanics


