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 ( Notations have their usual meanings. ) 
Answer Question No. 1 and any four from the rest. 

1. Answer any five questions :  2 × 5 = 10 
 a) Define a scalar in the sense of tensor. 

 b) If mnA  is a skew-symmetric tensor and iB  is a contravariant vector, is 

0=nm
mn BBA  ? 

 c) Define fundamental metric tensor. 
 d) What do you mean by a contravariant vector of length l ? 
 e) Calculate the curvature of a straight line. 
 f) Define a developable surface. 
 g) When is a surface called minimal ? 

  
First Answer : 
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ªFourth Answer : 
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ªFifth Answer : 
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2. a) If f is a scalar function of co-ordinates ( ix ), then show that ixd  is a contravariant 

vector and ix

f

∂

∂
 is a covariant vector. 5 

 b) Prove that the gradient of a function is a covariant vector. 5 

3. a) Prove that the inner product of two tensors p
qA  and ij

mB  is a tensor of type ( 2, 1 ).  

   5 

 b) Show that conjugate symmetric tensor are the components of a symmetric 

contravariant tensor of type ( 2, 0 ). 5 

4. a) Evaluate the Christoffel symbols of both kinds for spaces where 0=ijg , if ji ≠ . 5 

 b) Define scalar curvature and hence show that in an Einstein space, it is constant 

provided dimension of the space is greater than 2. 5 

5. a) If the intrinsic derivative of a vector A along a curve C vanishes at all points of C, 

show that the magnitude of A is constant along C. 5 

 b) Define a helix. Show that the ratio of curvature and torsion of such curve is 

constant.  5 

6. a) Find an expression for the angle between two intersecting curves on a surface. 5 

 b) Define a developable surface. Explain with an example. 5 

7. a) Show that a surface is a sphere if and only if the second fundamental form is a non-

zero constant multiple of its fundamental form. 5 

 b) Find a relation between three fundamental forms of the surface. 5 

  
First Answer : 
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Second Answer : 
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Third Answer : 
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ªFourth Answer : 
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