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DEPARTMENT OF MATHEMATICS

FIRST EXAMINATION IN SCIENCE(201il 2015)

FIRST SEMESTER (Aug./Sept'' 2016)

Proper & Repeat

all question

the Covadant tensor ,4pq aod the Coltravariant tensor '4pq

lxpress thc relatiolship betu'een the lollowing associated tensors:

i. Aijk and lpq,l

1i. ,4r&, atd,{qi'.

Let Ap, Bl' be an

then C(p, q. r, s) is

Timel One hour

arbitrary tensors- Show that ll Ap tsll"O(p'q,r, s') is an invariant

a rnixed teDsor' \(lhat is its ralk?

Find q and g'[ correspondilg to the linc e]cment

,ts2 = 2(rtrr)2 + 3(d.x2)2 + 4(,hi)E + ,4,1:Ll 
dr' - 2,lrt dr"



2. (a) Define the following:

i. Christofell,s symbols of the first and second kind;

ii. Geodesic.

Explain the ierms .,Covariant derivative,, as applied to the tensor

(c)

(b) With the usual 4otations, prove the following:

i. lpq,rl: s,"l'e,;
0nP q

,. 
a,^L + gp"fq^n + gq"tp^" : o.

Deduce that the cova.riant derivatives of 91 r , 9j 
ft and df are zero,

Show rhaL rhp non-vanishing Chrisrolpl.s symbols oI rhe serond

coordinate (p,5, z) are glven by

rll': _p, t1t=

where cr : p, a2 : $, c3 : z.
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