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l. (a) Define the followirrg terrns:

i . c0r.tr,ritr,nt tetrsor', r

P= cont rirvarianl [ensor.
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(b) Writ,e the transforuratiorr equation for the following tensors:

i APkt ,

ii. B|"l' .

iI\. D:;k,

Show t,hal the corrtra,ction of the outer product of i;he tensors 4p and .Bn is an

i t ,r rt.t i i-rril.

Tlte r:ovtr.riant coulponerrts of zr, tensor of rank one in rectangular coorrlinate sys*

tetrr are 2r* z. :r2'g, 'gz. Find its covariant components in splierical coolclinate

(r'.4 , c!).
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2. (u) i. Define the christoffel's symbols of the first a,nd second kind.

ii. Determirre the Christofiel's symbois of the second kind for the nretric

tls2 : u2d"e2 + a2 sin2 0d62

rn,her.e a is a constant, ancl finci the corresponding differential equ:Ltion fol

geoclesic.

(b) i. write clcwn the covariant clerivatlve of the tensor AJ*.

ii. Witli the usual notation, prove that

0o-^

;# : lp*, ql + lq*, Pl'

Herrce clecluce tlrat tlie 
"o.ruiiurrt 

derivative of a metric tensor gi1" is zero'

iii. using the covaria,nt clerivative of a rnettic tensor) prove that

1,." a !
f:. : lg"'la, G"o\ + a"(g,b) - 0t(g",)), where Di:'6i- CA 2t 
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