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Answer all questions Time : One hour

1. (a) The components of a contravariant tensor in the r coordinate system are

ArL :4, At' : /2r:0 and A22 -7.

Find its components in the f coordinate system, where

nL : 4(rr)' - 7(*')', E2 : 4rr - 5n2.

(b) Let d.sz : gixd,ri d,rk is an invariant. Show that gix is a symmetric covariant tensor

of rank two.

(c) Prove thal AonfrP fr,q :0 if Apq is a skew-symmetric tensor.

(d) Express the relationship between the following associated tensors:

i. Adjk and A,pq,

ii. Ailt and Aqh'

iii. Acm.t& and ,q!;i.L



2'(a)DefinetheChristofiel'ssymbolsofthefirstandsecondkind.

(b) Determine the christoffel's symbols of the second kind for the metric

ds2 : d'rz + r2d02 * 12 sin2 0 d'€'

(c) With the usual notations, prove the following:

i. yy : Wm,qj + lqm,pl," Ef* 
Lr'--tzl tr

.. ogPqii. ffi:-f"tLn-Tq"lp*n'

(d) Prove that the covariant derivatives of' gix,.gik and dfl are zero'
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