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Q.1 (a) Answer the following questions. [04] 

(1) State Einstein’s postulates of relativity.  

(2) State special Lorentz transformation connecting frames in relative motions along Y-

axis. 

 

Q.1 (b) Answer any two questions out of three. [10] 

(1) Explain negative results of Michelson–Morley experiments.  

(2) Show that the wave equation is invariant under special Lorentz transformation.  

(3) Prove that Newton’s equations of motion obey Galilean’s relativity.  

Q.2 (a) Answer the following questions. [04] 

(1) Show that special Galilean transformation is a special case of special Lorentz 

transformation. 

 

Q.2 (b) Answer any two questions out of three. [10] 

(1) Prove that relativistic composition of two velocities less than velocity of light is also 

less than the velocity of light. Justify its meaning. 

 

(2) Show that the composition of two special Lorentz transformations is again a Lorentz 

transformation. 

 

(3) Derive the formula of time dilation.  

Q.3 (a) Answer the following questions. [04] 

(1) Giving an example, define contravariant vector.  

(2) Show that 𝛿𝛽
𝛼 is a tensor of rank two.  

Q.3 (b) Answer any two questions out of three. [10] 

(1) Define metric tensor and show that it is covariant and symmetric tensor of rank two.  

(2) Show that the second order covariant derivatives of a covariant vector do not 

commute.  

 

(3) Define Christoffel symbols of first kind and show that they do not form a tensor.   

Q.4 (a) Answer the following questions. [04] 

(1) In usual notation prove that Γ𝑖𝑗𝑘 + Γ𝑗𝑘𝑖 =  
𝜕𝑔𝑖𝑘

𝜕𝑥𝑗 .  

(2) Define covariant derivative of a mixed tensor of rank 𝑝 + 𝑞.  

Q.4 (b) Answer any two questions out of three. [10] 

(1) State and prove The Quotient Theorem.  

(2) Simplify 𝑔ℎ𝑎𝑅𝑖𝑗𝑘
𝑎 .   

(3) Define outer product of tensors and discuss its rank.  

Q.5 (a) Answer the following questions. [04] 

(1) Decompose mixed tensor of rank three 𝑇𝜎
𝜇𝜈

 in a four dimensional space.  

(2) Let 𝐴𝛼 be a covariant vector. Then show that 𝜆𝐴𝛼 is also a covariant vector, where 𝜆 

is an arbitrary constant. 

 

Q.5 (b) Answer any two questions out of three. [10] 

(1) Show that the set of all special Galilean transformations forms a group under usual 

composition. 

 

(2) Find all Christoffel symbols of first kind for the line element 

𝑑𝑠2 = 𝑑𝑟2 + 𝑟2𝑑𝜃2 + 𝑟2 sin2 𝜃 𝑑𝜙2. 

 

(3) Let two events P and Q occur simultaneously in S-frame. Are they simultaneous in 

S’-frame?  

 

********************* 


