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FheéeF-1
State and prove Serret-Frenet formulae.
meej S-oeveS meSee kede euceKele leLee emece hedeepeS~
For a point of the curve
X =ccos hu,y=csinhu,z=cu
Show that

2x2
c

=—S =

Where c is constant.

Joed

X =ccos hu,y=csinhu,z=cu
hej ekedmee eyevo hej emece KedeepeS eked

2x2
C
pene ¢ Sked Delkj n~

Show that osculating plane at point P of

=—S =

the curve has in general three point con-
tact (contact of second order) with the
curve at P.

eOKeeFS cked Jeed ked ehedmee eyevo fej DeeMuecee meceleue
Gme eyevo P hej Jooed ked meeLe meeceewlele: leeve eyevolee
mecheked (omej Dee[j Kede mecheled) jKelee n~
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B.A. 7/ B.Sc. (Part-111) Examination, 2015
(Old Course)
MATHEMATICS - IV
Fourth Paper
(Differential Geometry)

IBA.: 40
Time Allowed : Three Hours] [ Maximum Marks : %B.Sc. .75
Note : Attempt five questions in all, selecting one
question from each unit. Question No. 1
iIs compulsory. Symbols have their usual
meanings.
lelUeled FhedeF me Sked febve Uevele nS, kedue heele Debvee ked
Goej ocepeS~ feMve me. 1 DeevedeeUe n~ feleskede ked meeceevle
DeLe n~
1. Attempt all parts : 16/30
(a) Define the curvature and the torsion at
any point of a curve. Also define the ra-
dius of the curvature and the radius of
the torsion at any point of the curve.
P.T.O.



(b)

(©)

(d)

(e)
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2)
Jooeh ked ekemee eyevo hej Jeedlee leLee S*velee kede feej Yeeecele
fedeepeS~ Joed ked ekedmee eyevo fej Joedlee SepUee leLes
S"velee eSeplee keie Yee feejYeoscele hedeepeS~
Show that curvature K at a point of a
curve (I? =Q|@’(s) is given by
K=1r" "]
eoKeeFS ehed Sked Jod (?z(?(s) ed Sked eyevo hej Jesedlee
K evecve me o¢ peelee n
K=1r" "]

Find first fundamental coefficients E, F, G
H for the surface

X=Uuy=vV,z=u?-Vv?
% x = u, y = v, z = u?— v ki eueS leLece
DeeOcej ieCeched E, F, G H leehle kedeepeS~
Define first curvature, mean curvature and
Gaussian curvature at a point of a surface.
%o kb ekeimee eyevo fej leLece Joseilee, ceOUe Jedlee leLee
ieeGemeleve Joeilee kede feejYeoecele KedeepeS~
Calculate the second fundamental mag-
nitudes of the surface.
x =a (u+v), y=b(u — v), z = uv, where a
and b are constants.
% x = a (u+v), y=b(u — v), z = uv ki
eEleele DeeOej heejceeCee kede ieCevee kedeepeS peyecked a,
b, evelelesked n~

Q)

(9)

(h)

@)

a
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3)

Define contravarint and covariant vectors.
feavSedeejUevs leLee kededeejUevs mesoMes kede heej Vesecels
fedeepeS~
If A" be a contravariant vector and Bj isa
Covariant vector. Prove that AiBj is a ten-
sor of type (1,1).
Ueeo AT Sked Teeleheej Jelee meeoMe n leLee B, Sleé menfeej Jlee
meeoMe N~ emeee KeieepeS eled A'B, Sed (1,1) lejn feie
leeoMe n~
Prove that AiBi is invariant or scalar.
emeae keteepeS ekeb A'B, Sied Decole Uee Defeejleleveele n~
Define Ricci tensor. Prove that Ricci ten-
sor is symmetric.
ejkede leeole kede feejYeeecele KedeepeS~ emese KedeepeS eked
ejkede Ceeoe meceecele nelee n~
Define curvature tensor. In a Riemannian
manifold, prove that

Rijkl = _Rijkl
Joogilee JeeoMe kede heej Yeeecele hedeepeS~ Sked Jeceeve yenceKe
ce emeae kedeepeS eked

Rijkl = _Rijkl

P.T.O.



(b)

9. (a)

(b)
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Jeceeve yenceKe ce eoKeeFS eked ceeShed (0jeled) leeolle g,
menfeejdelee Delej n~
If f is scalar functions of coordinates,
show that curl (f grad f) = 0
Ueo f eveoMeskede keie DecoMe Hedueve n lee eoKeeFS ehed

curl f gradf) =0
Prove that in the Riemannian manifold :
() R = — Rijie
) R *+ Ry + Ry =
@iii) RijkLm + Rijmk + Rijmk,lz 0

where Ry = Gy RTkI

0

Jeceeve yenceKe ce emeae KedeepeS ehed
(M R = — Rijie
(1) Ry + Ry ¥ Ry = 0
(iii) RijkLm + Rijmk + Rijmk,lz 0
PENe Ry = Gin RTkI
Prove that every Riemannian manifold of

constant curvature is an Einstein mani-
fold.
emeee hedeepele ehed DelUeked Dellej Joealee Jeeuse jeceeve

yenceKe Sked DeeFmeSeve yenceKe nelee n~

(b)

€Y

(b)
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()

Prove that the necessary and sufficient
condition for a curve to be a helix is that
its curvature and torsion are in constant
ratio.
emeee kedeepeS ehed Sked Joed Kede kedCluee neve ked eueS
DeeJeMUeked leLee Gheleoed Mele Uen n eked Jooth kede Josedlee
leLee S"velee kede Devefeele evelelesked nevee UseenS~
Unit-11 6/11
FledeF-11

If g is the angle at the point (u,v) be-
tween the two directions given by
Pdu?+2Qdu dv + Rdv? = 0,

2H (Q? — PR)!/?
ER- 2FQ +GP

Show that tan q =

Useo q ekedmee eyevo (u,v) fiej oe nF coMeeDes
Pdu?+2Qdu dv + Rdv? = 0 ke yeele kede kedeCe n

2H (Q? — PR)'/?
ER- 2FQ +GP

toKeFS tanq =

Prove that, on general surface, a neces-
sary and sufficient condition that the curve
v=c be a geodesic is

EE, + FE, — 2EF, = 0

P.T.O.



5 (@)

(b)

6. (a)

(b)

S-686

(6)
emeae kedeepeS eked ekedmee mesceevle he%o fej Joed v=c
fed Dedeceeleje  neve kede DeedeMUeked leLee heliehle Mele
EE, + FE, — 2EF, = 0 N~
Find the second order fundamental mag-
nitudes for the surface
X = U COSV, Yy = usinv, z=cv. Also prove
that this surface is minimal.
% X = u cos v, y = u sin v, z=cv ki ¢Elele
ceKUe heejoeeCee kede echle keieepeS~ Uen Yee fedeepeS
cked Uen hed%o eceeveceu n~
State and prove Rodrigue formula.
jee[ie meSe kede GuueKe keijle nS melUseehele keieepeS~
Unit-111 6/11
FhedeF-111
Obtain the equations of Weingarten.
eleieeSve ked meceekedjCee Kede feehle KedeepeS~
Show that every second order tensor can
be expressed as the sum of two tensors,
one symmetric and other Skew-symmet-
ric tensor of second order.
eoKeeFS eked felUeked eFleele kedeeS kede feeole oe eeoMes
fed Useie ked cibe ce cueKee pee mekedlee n, epevece Sked

€Y

(b)

€Y
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7)
e leele kedeeS kede meceecele JecoMe leLee omeje eE leele
fedeeS keée Oeelemeceecele fecoMe neiee~

If T. be components of a cavariant vec-

aqT, 1T ¢

tor, show that éﬁ l W: are compo-

nents of a skew-symmetric covariant

tensor of second order.

Ueeo T mentezjJelee meeole keb leSked n~ lee eoKeeFS eked

afT, T ¢ N

ol - : eEleele kedeeS kede Oeelemeceecele
Ixt 1x
menfeejJelee leSked n~

If Tij U' VI is scalar for Contravariant vec-
tors U' and V!. Show that T, are compo-
nents of a covariant tensor of second
order.
Usgo elehes]elee meeollee U' Sk Vi keh eueS T, U'
Ste Decole n~ lee emeze KedeepeS eheé T, eEleele eieeS ed
menfeejJeles JeeoMe ked leSked n~
Unit-1V 6/12
FleieF-1v

In Riemannian manifold, show that met-

ric tensor 9;; is covariant constant.

P.T.O.
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