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1. (a) Define ttre following terms:

i. covariant tensor,

' ii. contravariant tensor.

(b) Write the transformation equation for the following tensors:

tcJ

i. A?t,

1i Btll'.

rli. Dr\*.

Show that the.contraction of the outer product of the tensors Ap and Bo is an

invariant.

The covariant componerrts of a tensor of rank one in rectangular coordinate sys-

tern are 2r - 2,. r2'A, 'yz. Find its covariant components in spherical coordinate

(r', o. Q)'

(,1)



2,(u)i.DefinetheChristofiel,ssymbolsofthefirstandsecondkind.

ii.DeternrinetheChristoffel,ssymbolsofthesecondkindforthemetric

d,s2 : a2d,o2 + a2 sirf od62

where a is a constant, and find the corresponding differential equation for

geodesic'

(b) i. W'ite down the covariant derivative of the tensor Ai*'

ii. With the usual notation, prove that

yry : [p*, q1+ lqm, p] .

0r*v'

Hence cleduce that the covariant derivative of a metric tensor !it, is zero'

iii. Usirrg the covariant derivative of a metric tensor' prove that

] ^ t \1 ---L^-^ 
A

lZo: '5s'u?.b") * 0"(g"u) - 0o(g")7' where 0t': ar"'
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