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Instructions: 

1. Answer ALL questions 

Assume the velocity of light (c) = 𝟑 × 𝟏𝟎𝟖 𝒎𝒔−𝟏 and all the symbols have their usual meaning. 

 

1. (a) i. State the two main postulates of the Special Theory of Relativity. 

 

ii. Lorentz transformation for two coordinate systems S’ and S, where S’ is 

moving with a constant velocity v relative to the system S along the positive 

x-axis is given below, 

     𝑥′ =
𝑥−𝑣𝑡

√1 − 
𝑣2

𝑐2

,     𝑦′ = 𝑦,    𝑧′ = 𝑧,    and 𝑡′ =
𝑡−

𝑣𝑥

𝑐2

√1 − 
𝑣2

𝑐2

 

      Obtain the inverse Lorentz transformation from the above equations. 

 

iii. Use the results from question (ii) and show that the space-time line element, 

𝑑𝑠2 = 𝑑𝑥2 + 𝑑𝑦2 + 𝑑𝑧2 − 𝑐2𝑑𝑡2 is invariant under Lorentz 

transformation of coordinates.  

(Hint: Consider an event (x1, y1, z1, t1) in S1 inertial frame and the 

corresponding event (x2, y2, z2, t2) observed by S2 inertial frame.) 

  

(06 marks) 

 

 

 

 

 

 

(08 marks) 

 

 

 

 

 

(12 marks) 

 (b) i. Derive the relativistic length contraction equation.  

 

ii. A rigid bar of length L0 = 1.5 m is at rest relative to the frame S’. S’ is 

moving with a constant velocity of 0.98c relative to the frame S along the 

positive x direction. If the bar makes an angle θ = 450 with respect to the x’ 
axis, what is the length L of the bar relative to S? (Assume that the bar is 

lying only in the x’y’ plane and discard the z’ coordinate.) 

 

iii. A -meson has a mean lifetime of 2 × 10−8𝑠 when measured at rest. If it is 

moving with a speed of 0.99c, use the following relativistic time dilation 

equation to find how far it goes before decaying into another particle.  

 

𝑡 =
𝑡0

√1−
𝑣2

𝑐2

 ; where 𝑡0 is the proper time. 

(10 marks) 

 

 

 

 

 

(12 marks) 

 

 

 

 

 

 

(12 marks) 

  

 

 (Total: 60 marks) 
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2. (a)     i. Obtain the relativistic velocity transformation equation given below using 

the Lorentz coordinate transformation.  

 

𝑢 =
𝑢′+𝑣

1 + 
𝑣𝑢′

𝑐2

  ;  where   𝑢 =
𝑑𝑥

𝑑𝑡
  and  𝑢′ =

𝑑𝑥′

𝑑𝑡′
 . 

 

ii. A man on the moon observes two spaceships coming toward him from 

opposite directions at speeds of 0.8c and 0.9c respectively. What is the 

relative speed of the two spaceships as measured by an observer on either 

one of the spaceships? 

 

iii. Following is the relativistic Doppler effect equation for observed frequency 

from a directly receding source.  

 

𝑓𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = 𝑓𝑠𝑜𝑢𝑟𝑐𝑒√
1−𝛽

1+𝛽
  ;  where  𝛽 =

𝑣

𝑐
 . 

 
Use the above relation to calculate how fast a galaxy must be receding from 

Earth, if an absorption line found at wavelength 550 nm from that galaxy 

appears to be red-shifted to 700 nm for an observer on Earth.  

 

 

 

 

(08 marks) 

 

 

 

 

(08 marks) 

 

 

 

 

 

 

 

 

 

(08 marks) 

 (b) i. The Following expression gives the total energy E of a particle in terms of 

its relativistic momentum P and rest mass m0. 

 

𝐸2 = 𝑚0
2𝑐4 + 𝑃2𝑐2. 

 

Creating an electron and a positron pair from a high-energy photon is an 

example of the Pair-Production. Show that the given Pair-production will 

not occur in free space, but it requires the presence of a heavy nucleus using 

the above relationship.  

 

ii. Except Pair-production, list another two experimental evidences that proves 

the Special Theory of Relativity. 

 

 

 

 

 

 

 

 

 

(10 marks) 

 

 

(06 marks) 

   (Total: 40 marks) 
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