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{a) Define the following terms:
1. covariant tensor,
i contravariant tensor.
(h) Write the transformation equation for the following tensors:
- AR
i B
i, D 3

{¢) Show that the contraction of the outer product of the tensors AP and B, is an
: &
invariant.
(i} The covariant components of a tensor of rank one in rectangular coordinate sys-

temn are 2w — z, &y, yz. Find its covariant components in spherical coordinate

(r 0, ¢).



(a) i Define the Christollel's symbols of the first and second kind.

i Determine the Christoffel’s symbols of the second kind for the metric
ds? = a2df? + a? sin® Od¢®

where a is a constant, and find the corresponding differenti al equation for

geodesic.

(b} i Write down the‘covariant derivative of the tensor Al

i Wilh the usual notation, prove that

B Py L lgm, ).

[Tence deduce that the covariant derivative of a metric tensor gy is zero.
iii. Using the covariant derivative of a metric tensor, prove that

o ) ’ 3
T:ia = Egth[a&'(gaf?.} + dﬁl{gt?b) - 6!‘:{_.@0(1)]! where &; = %
ot
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