http://www.sgbauonline.com/

AY-1947
M.Sc. Part—I Scemester-11 (C.B.C.S. Scheme) Examination
MATHEMATICS
(Riemannian Geometry)
Paper—205
Time : Three Hours] [Maximum Marks : 80
Note :— Solve FIVE questions, selecting ONE from each unit.
UNIT—1
[.  (a) Compute the quantities g™ for a V,-space whose fundamental form in coordinates
u, v, W is :
adu’ + bdv? + cdw’ + 2fdvdwt + 2kdwdn + 2hdudv. 8
(b) Show that under the change of the coordinate system the Christoffel symbols transform
as :
, axt ax® axt axt ek’
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2. (c) Definc absolute derivative. Also show that —— is a contravarient vector. 1+7
ou
(d) Show that in :
. 1 ¢ 0o Lo [m
Pt mn | o
;\:ll S (A \I-'lg}*—A ar
Ve oX
the last term vanishing iff A™ is Skew-Symmetric. Also show that :
n l E\. n T il —r
Am_n - ':..—nl.Am \'g.) Ar mn 8
Vg ox
UNIT—II
3. (a) Show that a vector T of variable magnitude undcrgoes a parallel displacement along
a curve C if the absolute derivative T along C has the same direction of T at each
point of C :
Cdx®
. el s i R
e 1 e =Tg(s). 8
(by Detine Geodesics and obtain its ditferential equation. 8
4. (c) Necessary and sufficient conditions that a system of coordinates be geodesic with pole
at O are that their second covariant derivatives with respect to the metric of the space
V,, all vanish at that point. Prove this. 8
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6.

9.

10.

(d) Show that ar the origin o a Ficmannian coordinate system V'
& i i
ki~ 5 &omi <K, m 8
UNIT—III
- . ~ . -~ 3]
(a) Obtain a formula for covariant tensor trom l{;!__r as -
[ E 5 1 ' ¥ ) t aq
— = - T 41 - 1 — iy . . - -
{pm g, e S8 TEaipn T Epmen  Brnpm g pns]rm.q]—-[pm,s||rn,q]
8
{(b) For the metric in spherical polar coordinates
2 2 2 ! 2
ds” =dr-+ro(dt” ot ddm)
calculate the non-zcro components R 8
(¢) Show that :
- Al v
(i) RP 4RP 4T 0
Jqinn nnr At
iy R R + R 0 !
(“_) I_'_\I"I‘I"I."I " ?}"!T‘I" P h
(dy TList the independent compenents of Riemann tensor R, tor the Riemannian space
V.. N=2,3 4 8
UNIT—IV
(a) Deline Kiccl tensor and s ein rensor and show that they are svmmetric tensor
gL P PR
(hy Tet T'(u. v) be a vector fizld over a two space V., with cquation X = (1. v) immersed
in a Riemannian space V.. Then prove that :
&1 8T L P et N
duév  dvdu [ ‘u v )
{¢) On asurface of a sphere of sadius o, Time the curvature tensor. the Ricei tensor and the
curvature mvariant (in polar coordinates). 8
(dy State and prove Bianchi ldentity, 8
UNIT—V
(a) The Riemann curvature 5 independent of the pair of orthogonal unit vectors in V.
Prove this. 8
(b} Show that every Ricmannian space V', 1s an Finstemn space. 8
) C o ; HIE 3 i. L-.R
(¢) Prove that, if R7=¢g"™ R then R® =2 8
b 4 - rtxl
(d) Prove that if a Ricmann an space V15 isorropic at cach point of a region. then the
Riemannian curvature is constant throughour the region. 8
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