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1. (a) Defirte tbe f::lkrwirq i:erms:

i. Co.r.,rrianr r"u.ot.

ii. Contrai,ariant be]]sor.

(t) \4/rite the tranifonna,ion equations for the following tenso$
.arij , 8,0,,", 6,"" .

(c) Show thaL ili_Elo is an arbitrary covaria[t tensor of rank one and
r--/ i. n ,,,l,,ra.irriprr uensor ofrank olc. then A(p.q) musr be a
tensor of rarrk trvo. ,

(d) ,{ corariant tenso_r hu componeDts ty, 2,y - 22,,z in rectan_
gular co-otdinates lz,9,a). Find its coutravariant component jn
cylindric polar. co_ordinates (p, d, z).,



2, (a) Define the followirrgr

i. Christofel syurbols of first and secord kind

ii Geodesics

Explirin the terrr "cova'riant derivative" a6 applied to a tenso!

of tYPe A,P.

(b) \Mith ulrual nob&tionsi, prove the following:

i. lpq,r';..t1op,rl.

.. og"' lrnktr.6*:-g Lin - sjtf;-.

llence deduce that the covaxiant derivative of metdc tensors

g"k iLnd grp arc ztlro,

(c) Determine ihe Chirstoffel symbols of secoud kind for the line ele-

ment

d,sz =' dr2 + r2do2 + 12 air,z o d62

and find the correspouding geodesic equations'


