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1. Answer any four of the following:  5x4=20

(a) Establish the transformation law of
. /p ax/ P '
contravariant tensor A™ = ——A*,
(b) Defining contraction in a tensor, show that
every contraction reduces the rank of a tensor
by two. '
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- (©) If B®i is a contravariant tensor and B“‘A‘,l is
invariant, prove that Au isa covanant tensor

of rank one.

(d) Explain how to distinguish covariant and

contravariant tensors of rank one. .
() Show that the number of independent
' componénts of a symmetric tensor A, is

‘—n(n+l) iy j=1, 2,

| tf) Show that tensor law of transfdnnatidn
possesses the group property.

| 2. Answer any ‘two of the following ‘questions :
| | 10x2=00

(a) .Derive the transformation law of the

Chnstoﬁ'el symbol of the first kind |‘
(or [,k )as

 r e a o x &
I;x"[;b,c o ox ™ | o oxox’ ok

(b) Determine the covariant derivative of the
second order covariant tensor namely Ay,
with respect to x*. :

Hence write down the result-of A‘;{, "

8+2=10
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(i) Determine the non-vanishing Christoffel

~symbols [ (or{}k}) of the second
kind for. the metric

ds? = a%(d0%+5in20 d¢?), where a is

a constant. ‘ s

- (i) If A;is a cirl of a covariant vector B,

prove that " 5
Ali,k ﬁu + Aha = 0.

3. Answer any two of the following Questions :

(a)

10x2=20

Write down the equations of geodesics in a
Riemannian space V. Determine the
differential equations of geodesics for |

1
ds? =fxdx2+d +dz2 dt?
(x) y f()

" What is the geodesxc in case of spherical

®)

surface in 3-dimensions ? 9+1=10

What do you mean by geodesic coordinates ?
Hence establish the Bianchi identity

'Rijkl+lelJ+Rlljk"0

Write down another form of Bianchi ldennty
2+7+1=10
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(c) Denve the expression of the curvaturé tensor
of the second kind as

g’k axj\l;k) axk\ra) rajl-ik - uku s

o (or{&‘}) is the Christoffel symbol of the

second kind.
: Why it is named as Curvature tensor ?.

_ Explain. 8+2=10
4. Answer any two of' the following quesﬁons :
: 10x2=20

(@) (i) Define intrinsic derivative of a vector.
~ Show that a vector of constant
magnitude is orthogonal to its intrinsic

. derivative. : 1+4=5

(ii) Show that a geodesic is an autoparalle]
curve. 5

~ (b) Prove that the differential equation A;;=0
is integrable if Ry, =0.

(c) Derive the expression of tensor derivative of

a tensor Ag,, with usual notation.
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