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M,Sc. Part-I Scmcster-ll (C.B.C.S. Scheme) Eraminrtion

IUAI'HEIlIATICS

(Riemanniao Geomefq)

Paper-205

Time : three Hours] [Ma".rimum Marks: 80

Note : Solve FIVE questions, sclecting ONE liom each unit.

T]NIT-I
l. (a) Computc the quantities g- for a \r.-space whose fundamental form in coordioares

u,v,wis:
adur + bdvr + cdw'? F 2ldvdwt + 2kdwdn + 2hdudv. 8

(b) Sho$' that under rh€ change of the coordinate s!-stem Lhc Christolfel s).mbols ttansfornl
as:

ex' axb &" ox" 62xb

&^ ar- t, * g* 
au, 6r,. ar.

2. (c) Delinc absolute dcrivative. Also show tfrat I is a contravarient lector
ou

(d) Sho$ lhat in :

n:" - !-r- r,r" .,7gr* e'' 1., "'" Je &"
the last term vanishing if A* is Skew-Symmetric. Also show that :

vg c(

[mn, r] =[ab, c] It

8)g
n

I

11',7

Uh-IT-II
(a) Shou' that a veclor T of variablc rnagnitude Llndcrgocs a parallcl displacement aiong

a curve Cl if the absolutc derivatiye T along C hds th( sanle direction of T at each

point of C :

"t

(h)

(c)

. .,idxk -,i.e. I d. -lg(s) 8

Define Geodesics and obtain its dilferential equation. 8

Necessar"- and sufficient conditions that a system ofcoordinates be geodesic *ith polc

at O are that thcir secofld covariant derivativcs with respecl to the metric of thc space

VN all vanish at &al point. Prove this. 8

wPZ-1,1:5 (conrd )L
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(d) Show that ar the origin ol-a Licmannian coLrrdinate s)'stcm -v'

i-i A-i
-- \i -.i..,.i ,l.m lr

I \II' III

5. (a) Obtain a formula ior co\'.riint tensor fiom Rpnn

1l{ :rR' = ) (gf,,,,,n + i-n,.rn - gr..,n 8,",fo) + B'q(lpn.sl [rm,q] -Lp m,sl [rn,q]

8

(b) For tht: metric ir1 spherical lx,lar coordinales i

ds2 = dr2 + 12 (d€2 * s, n:l .l4l t

calculate the non-zcro codr,)oncnls Rr,,,, 8

(c) Shou that I

rit Rn +RP +RP =t)

,ii, R lR rR -r1 gpnrn pmnr !r'rr r

(d) List the independent componenls of lliemann lensor R.. fbr the Riemannian space

v",N=2, 1.4. 8

I NII'-I\'
fir) Deiine Rioci tensor rLnd ins'ein lensor aril slorl al thcv are slmmetric tensur

:-2+l+l
(bl Let T'(u. \,) be a vector llrld (,\cr a two space \', wilh cquation x' - x'(u. v) immersed

in a lliemannian spacc V.,- lhcn provc that :

"l- r .2-r5-l' d-r'
8cuE\' 6vou " .u A

3. (e r

(d)

9 (o)

(b)

I0. (e i

(d)

L)n a surfacc of a sphcre i)l r.ralLus a. inr lhc curvature terrsor. rhe Rjcci tensor and the

curvature invariant (in polar coordinates). 8

State and prove Rianchi ldontil!. 8

LNIT-\'
The Riemann curvature is indcpendont ol thc pair oi orthogonal unit vectors in V,.

I'rovc th.is. 8

Show thal e\-er! Ricmanlirn space \', is an Ilinstein spaoe. 8

Provc ttar. rt R" =g"" R . rhen R: =l!\ 8", - r:

l)rove that if a fuenrannr.rr space V" is is,rrropic at each poinl of a region. then the

Riemannian curvature is .onirant lhroughour the region. 8

l]l
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