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1. Attempt 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.

2. (a) State and prove Serret-Frenet formulae.

(b) For a point of the curve

x = c cos hu, y = c sin hu, z = cu

Show that

c
x2

–
2

Where c is constant.

x = c cos hu, y = c sin hu, z = cu

c
x2

–
2

c 

3. (a) Show that osculating plane at point P of

the curve has in general three point con-

tact (contact of second order) with the

curve at P.

P 
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ØelÙeskeâ FkeâeF& mes Skeâ ØeMve Ûegveles ngS, kegâue ØeMveeW kesâ
Gòej oerefpeS~ ØeMve nw~ ØeleerkeâeW kesâ meeceevÙe

DeLe& nQ~

meerjsš-øesâvesš met$ees keâes efueefKeÙes leLee efmeæ keâerefpeS~

Je›eâ

hej efkeâmeer efyevog hej efmeæ keâerefpeS efkeâ :

peneB Skeâ DeÛej nw~

efoKeeFS efkeâ Je›eâ kesâ efkeâmeer efyevog hej DeeMues<eer meceleue

Gme efyevog hej Je›eâ kesâ meeLe meeceevÙele: leerve efyevogÙeer

mecheke&â (otmejs Dee[&j keâe mecheke&â) jKelee nw~

heeBÛe 
meb. 1 DeefveJeeÙe& 

FkeâeF&

(4)
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Je›eâ kesâ efkeâmeer efyevog hej Je›eâlee leLee SW"velee keâes heefjYeeef<ele

keâe refpeS~ Je›eâ kesâ efkeâmeer e fyevog hej Je›eâlee   $epÙee leLee

SW"velee ef$epÙee keâes Yeer heefjYeeef<ele keâerefpeS~

efoKeeFS efkeâ Skeâ Je›eâ kesâ Skeâ efyevog hej Je›eâlee

efvecve mes oer peeleer nw :

he=‰ kesâ efueS ØeLece

DeeOeej iegCeebkeâ  Øeehle keâerefpeS~

he=‰ kesâ efkeâmeer efyevog hej ØeLece Je›eâlee, ceOÙe Je›eâlee leLee
ieeGefmeÙeve Je›eâlee keâes heefjYeeef<ele keâerefpeS~

he=‰ kesâ

efÉleerÙe DeeOeej heefjceeCeeW keâer ieCevee keâerefpeS peyeefkeâ 

, efveÙeleebkeâ nw~

keâvš^eJewefjÙevš leLee keâesJewefjÙevš meefoMeeW keâes heefjYeeef<ele

keâere fpeS~

Ùeefo Skeâ ØeefleheefjJeleea meefoMe nw leLee Skeâ menheefjJeleea

meefoMe nw~ efmeæ keâerefpeS efkeâ Skeâ (1,1) lejn keâe

ØeefoMe nw~

efmeæ keâerefpeS efkeâ Skeâ DeefoMe Ùee DeheefjJele&veerÙe nw~

efjkeâer ØeefoMe keâes heefjYeeef<ele keâerefpeS~ efmeæ keâerefpeS efkeâ

efjkeâer ØeefoMe meceefcele neslee nw~

Je›eâlee ØeefoMe keâes heefjYeeef<ele keâerefpeS~ Skeâ jerceeve yengcegKe

ceW efmeæ keâerefpeS efkeâ

(b) Show that curvature K at a point of a

curve )s(rr  is given by

|''r'r|K

)s(rr

K 

|''r'r|K

(c) Find first fundamental coefficients E, F, G

H for the surface

x = u, y = v, z = u2 – v2

x = u, y = v, z = u2 – v2 

E, F, G H 

(d) Define first curvature, mean curvature and

Gaussian curvature at a point of a surface.

(e) 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 

a,

b

(f) Define contravarint and covariant vectors.

(g) If Ai be a contravariant vector and B
j
 is a

Covariant vector. Prove that AiB
j
 is a ten-

sor of type (1,1).

Ai B
j 

AiB
j 

(h) Prove that AiB
i
 is invariant or scalar.

AiB
i 

(i) Define Ricci tensor. Prove that Ricci ten-

sor is symmetric.

(j) Define curvature tensor. In a Riemannian

manifold, prove that

i
jk

i
jk R–R

i
jk

i
jk R–R

→→
=

→→
×=

→→
=

→→
×=

=

=

ll

ll
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(b) Prove that the necessary and sufficient

condition for a curve to be a helix is that

its curvature and torsion are in constant

ratio.
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4. (a) If  is the angle at the point (u,v) be-

tween the two directions given by

Pdu2+2Qdu dv + Rdv2 = 0,

Show that  
GPFQ2ER

)PR–Q(H2
tan

2/12

(u,v) 

Pdu2+2Qdu dv + Rdv2 = 0 

GPFQ2ER

)PR–Q(H2
tan

2/12

.

(b) Prove that, on general surface, a neces-

sary and sufficient condition that the curve

v=c be a geodesic is

EE
2
 + FE

1
 – 2EF

1
 = 0

g
ij

(b)  is scalar functions of coordinates,

show that curl (  grad ) = 0

curl (  grad ) = 0

9. (a) Prove that in the Riemannian manifold :

(i) R
ijk

 = – R
ij k

(ii) R
ijk

 + R
ik j

+ R
i jk 

= 0

(iii) Ri
jk ,m

 + Ri
j m,k 

+ Ri
jmk,

= 0

where  h
jkihijk RgR

(i) R
ijk

 = – R
ij k

(ii) R
ijk

 + R
ik j

+ R
i jk 

= 0

(iii) Ri
jk ,m

 + Ri
j m,k 

+ Ri
jmk,

= 0

h
jkihijk RgR

(b) Prove that every Riemannian manifold of

constant curvature is an Einstein mani-

fold.

efmeæ keâerefpeS efkeâ Skeâ Je›eâ keâes kegâC[ueer nesves kesâ efueS
DeeJeMÙekeâ leLee GheÙegòeâ Mele& Ùen nw efkeâ Je›eâ keâer Je›eâlee

leLee SW"velee keâe Devegheele efveÙeleebkeâ nesvee ÛeeefnS~

Ùee fo e fkeâmee r e fyevog hej oer n gF & e foMeeDee s

kesâ yeerÛe keâe keâesCe nw

efoKeeFS  

jerceeve yengcegKe ceW efoKeeFS efkeâ cesefšk̂eâ (otjerkeâ) ØeefoMe 

menheefjJeleea DeÛej nw~

Ùeefo efveoxMeebkeâeW keâe DeefoMe Heâueve nw lees efoKeeFS efkeâ

jerceeve yengcegKe ceW efmeæ keâerefpeS efkeâ :

peneB

efmeæ keâerefpeÙe s e fkeâ ØelÙeskeâ DeÛej Je›eâlee Jeeuee je rceeve

yengcegKe Skeâ DeeFbmešerve yengcegKe neslee nw~

Unit-II

-IIFkeâeF&

θ

+−
=θ

θ

+−
=θ

φ

φ φ

φ 

φ φ

=

=

(8) (5)
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efmeæ keâerefpeS efkeâ efkeâmeer meeceevÙe he=‰ hej Je›eâ 

ke sâ DeJeceeblejer  nesve s keâer DeeJeMÙekeâ leLee heÙee &hle Mele&

nw~

he=‰  kesâ efÉleerÙe

cegKÙe heefjceeCeeW keâes Øeehle keâerefpeS~ Ùen Yeer       keâerefpeS

efkeâ Ùen he=‰ efceefveceue nw~

jesef[îe met$e keâe GuuesKe keâjles ngS melÙeeefhele keâerefpeS~

efJebieešxve kesâ meceerkeâjCeeW keâes Øeehle keâerefpeS~

efoKeeFS efkeâ ØelÙeskeâ efÉleerÙe keâesefš keâe ØeefoMe oes ØeefoMees

kesâ Ùeesie ke sâ ¤he ce W efueKee pee mekeâlee nw, efpeveceW Skeâ

efÉleerÙe keâesefš keâe meceefcele ØeefoMe leLee otmeje efÉleerÙe

keâesefš keâe Øeeflemeceefcele ØeefoMe nesiee~

Ùeefo menheefjJeleea meefoMe kesâ Ieškeâ nw~ lees efoKeeFS efkeâ

 e fÉle e rÙ e ke âe s e fš k eâ e Øee fl em ece e f ce le

menheefjJeleea Ieškeâ nw~

Ùeefo ØeefleheefjJeleea meefoMeeW  SJeb kesâ efueS 

Skeâ DeefoMe nw~ lees efmeæ keâerefpeS efkeâ efÉleerÙe keâesefš kesâ
menheefjJeleea ØeefoMe kesâ Ieškeâ nQ~

v=c

EE
2
 + FE

1
 – 2EF

1
 = 0 

5. (a) Find the second order fundamental mag-

nitudes for the surface

x = u cos v, y = u sin v, z=cv. Also prove

that this surface is minimal.

x = u cos v, y = u sin v, z=cv

(b) State and prove Rodrigue formula.
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6. (a) Obtain the equations of Weingarten.

(b) Show that every second order tensor can

be expressed as the sum of two tensors,

Skew-symmet-

ric tensor of second order.

7. (a) If T
i
 be components of a cavariant vec-

tor, show that i
j

j
i

x

T

x

T
 are compo-

nents of a skew-symmetric covariant

tensor of second order.

T
i 

i
j

j
i

x

T

x

T

(b) If T
ij
 Ui Vj is scalar for Contravariant vec-

tors Ui and Vj. Show that T
ij
 are compo-

nents of a covariant tensor of second

order.

Ui Vj T
ij
 Ui Vj

T
ij 
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8. (a) In Riemannian manifold, show that met-

ric tensor g
ij
 is covariant constant.

 Unit-III

-III

Unit-IV

-IV

FkeâeF&

FkeâeF&one sym m et r ic and other  
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