
UNIT-IV
Special Theory of Relativity

Albert Einstein

In 1905, Albert Einstein developed his 

Special Theory of Relativity



• The Special Theory of relativity:

 It deals only with the description of events 
by the observers in inertial reference 
frames

• The General Theory of Relativity: 

 It concerns itself with all reference frames, 
including non-inertial frames.



Some important definitions

• Event: A sudden occurrence of a happening in 
space at a given time

• Observer: Anything (person or instrument) which 
measures the event.

• Frame of reference: A

 system of co-ordinates 

 fixed to measure the

 event.



• Inertial frame of reference: A frame of 
reference in which Newton’s law of motion are 
applicable. Every frame of reference  either  at 
rest or in uniform motion are inertial

• Non-Inertial frame of reference: Newton’s law 
of motion are no longer valid in such frames.

Earth rotates around the sun and about its on axis 
with an angular acceleration very-2 small so for 
practical purpose, it can be assumed as inertial 
frame of reference



Galilean Transformations

Galilean Transformations

Inverse Galilean Transformations

Let v = velocity with which S’ moving w.r.t S along 

x – axis

After time t, distance moved by S’ = vt

According to the principle of Galilean relativity, the laws of 

mechanics must be the same in all inertial frames of reference.
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This experiment was performed by Michelson and Morley 

to prove the existence of ‘ether’. The experiment is based 

upon interference of light waves.

Michelson Interferometer was used for this experiment. 

One arm is parallel to the motion of the Earth other arm is 

in perpendicular direction.

Light from source S is split by semi-silvered glass plate 

and travels to mirrors in mutually perpendicular directions

After reflection the beams recombine slightly out of phase 

due to the “ether wind” as viewed by telescope T.

Michelson-Morley Experiment





The time taken by reflected ray of light  t1 = 2L/√(c2-v2) 

The time taken by transmitted ray of light t2 = 2Lc/(c2-v2) 

The time difference between two rays reaching at observer 

is given by 

                        ∆t= Lv2/c3

And the path difference is given by ∆x= c ∆t =Lv2/c2

If the whole system is rotated through 90° then maximum 

path difference = 2 Lv2/c2



The condition of bright fringes is given by

 ∆x=2Lv2/c2= nλ  n = (2Lv2/c2)/ λ

In Michelson Morley experiment 

L=1m, v = 3×104 m/s and wavelength of light = 5.5 × 10-7 m

 The fringe shift (n )=0.4

Experimentally no fringe shift was observed in the 

experiment even when the experiment was performed 

during day/night, during different seasons and at different 

places. The experiment concluded that there is no relative 

motion between earth and ether 



Interpretation of negative results

• Michelson’s view: 

   The ether is dragged along the earth due which the 
relative motion may not be detected.

• Fitzgerald and Lorentz View: 

 Bodies contract along the direction of motion by a 
factor √(1-v2/c2) 

• Einstein’s View: 

 Velocity of light in space is universal constant, so 
can not be taken relative.



Einstein Special theory of relativity

1. All the laws of physics are same in all 

inertial frames of reference either at rest 

or in uniform motion

2. The speed of light in the free space is 

same for all observer regardless of their 

state of motion

After the failure of Michelson Morley Experiment 

Einstein proposed two postulates of his special 

theory of relativity:

 



Lorentz transformation Equations

• Based upon theory of relativity, Lorentz derived 

transformation equations given by 





Example:



Time Dilation (Relativity of time)





Example:



Lorentz velocity transformations (Addition of Velocities)

Consider two frames S and S’ such that S’ is moving with velocity v 

relative to S along x-axis. Suppose a particle moves with velocity 

components ux , uy, uz relative to S and we have to find velocity 

components u’x , u’y, u’z relative to S’. 



Similarly we can find u’y, and u’z 



Special case:



Variation of mass with velocity 

(Relativity of mass)











Example:



MASS-ENERGY EQUIVALENCE RELATION

Consider the example of fire produced from wood burning, the 

mass of ash is less than the mass of wood.

What are the source of light and heat energy  in combustion 

process?

What are the source of nuclear energy?

Answer is given in Einstein theory of relativity

According to mass-energy equivalence mass is converted into 

energy and vice versa according to relation 









Example:



Energy-Momentum Relation





Examples of mass energy equivalence
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