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1. (a) Explain what is meant by lhe following terms:

i. Covariant tensor;

ii. Conlravariant tensor.

(b) Write down the law of transformation for the following tensors:

i. A*nl

i{ Blq ;

ili. ctrf'.

If. ds2 : gtidridri is an invariant, show that gii is a symmelric covariant tensor of

rank two.

Express the relationship between the following associated tensors:

i. Ait"t and Apq,,'

ii. Aj f t and Aqk'. !
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(e) If X( i,, j) Bi - C4, where Bi is an arbitrary contravaria,nt vector and Ce is a cova,riant

vector, then show that X(2,3) is a tensor. What is its rank and type.

2. (a) Define the following:

i. Christoffel's symbols of the first and second kind;

ii. Geodesic;

iii. Covariant derivative of. Ao.

(b) With the usual notations, prove t\e following:

i. [Pq,r): g,rl'oo;

Ii. fpm,q] + lqm,p): #,
::: o9* , ^or'.o , ^;:" -^ / 4
1ii. #. * gP"llnn* gqnlfin: g.

Hence show that, :

gjxtq : A' to 

,

(c) Show that the non-vanishing Christoffel's symbols of the second kind in cylindricallcoordinate (p,Q,r) are given by , i,

,/ liz: -P, T'rr:1, f?r: 1, 
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where frl : p, 12 : 6, tr3 : z.


