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(a) For a curve, show that :

KKr.r

3. (a) Show that radius R of the spherical cur-

vature is given by :

R 

.)1–rP(R 2242

(b) Define involute of a curve and find its equa-

tion.

4. (a) Find the Gaussian Curvature at a point

on the surface :

x = a(u+v), y=b(u–v), z=uv

(b) Show that family of curves du2 – (u2+c2) dv2=0

form an orthogonal system on the surface :

du2 – (u2+c2) dv2=0

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

ØelÙeskeâ FkeâeF& mes  ØeMve Ûegveles ngS, kegâue ØeMveeW keâes

nue keâerefpeS~ ØeMve nw~ ØeleerkeâeW kesâ meeceevÙe

DeLe& nQ~

KeC[ nue keâerefpeS :

Skeâ Je›eâ kesâ efueS, oMee&FS efkeâ :

oMee&FS efkeâ ieesueerÙe Je›eâlee ef$epÙee efvecve mes oer peeleer

nw:

Skeâ Je›eâ ke sâ ‘FvJeesuÙetš’ keâes hee fjYeeef<ele keâ   fpeS Dee wj

Gmekeâe meceerkeâjCe %eele keâerefpeS~
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efvecve Je›eâ kesâ Skeâ efyevog hej ieeefmeÙeve Je›eâlee %eele keâerefpeS:

oMee&FS efkeâ Je›eâ heefjJeej  efvecve

he=‰ hej DeefYeueebefyekeâ efvekeâeÙe yeveeles nQ :

Skeâ  heeBÛe 

meb.1 DeefveJeeÙe& 

meYeer 

FkeâeF&
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(b) If w is the angle between parametric

curves on a surface, show that :

w 

F

FEG
wtan

2

(c) Explain why every helix on a cylinder is

geodesic?

(d) Show that :

]r,r,N̂[Kgs3

(e) Find the parametric curves on a surface:

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

(f) Prove that outer product of two vectors

is a second order tensor.

(g) Show that g
ij
 dxi dxj is an invariant.

g
ij
 dxi dxj

(h) Show  that in a Riemannian space metric

tensor is covariantly constant.

(i) Show that :

]j,hk[
hk

i
gij

(j) If Ti = gih T
r 
 show that Ti = g

ih
 Th.

Ti = gih T
r 

Ti = g
ih
 Th.
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2. (a) State and prove necessary and sufficient

condition for a curve to be a Helix.

(b) Prove that :

k

ds

d
]b,b,b[ 5

Ùeefo Skeâ he=‰ hej ØeeÛeue Je›eâesb kesâ ceOÙe keâe keâesCe nes

lees oMee&FS efkeâ :

Skeâ yesueve hej ØelÙeskeâ kegâÌ[efueveer DeJeceeblejer keäÙeeW nesleer nw?

mecePeeFÙes~

oMee&FS efkeâ :

efvecve he=‰ hej ØeeÛeue Je›eâeW keâes %eele keâerefpeS :

efmeæ keâerefpeS efkeâ meefoMeeW keâe JeenÙe iegCeve Skeâ efÉleerÙe

keâesefš keâe ØeefoMe neslee nw~

oMee&FS efkeâ  Skeâ efveMÛej nw~

oMee&FS efkeâ Skeâ jerceeve meceef° ceW otjerkeâ ØeefoMe menÛejerÙe

DeÛej neslee nw~

oMee&FS efkeâ :

Ùeefo  oMee&FS efkeâ 

Skeâ Je›eâ kesâ kegâÌ[efueveer nesves kesâ efueS DeeJeMÙekeâ SJeb heÙee&hle
ØeefleyebOe keâes meesuuesKe efmeæ keâerefpeS~

efmeæ keâerefpeS :

−
=

=

=
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







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
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


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5. (a) State and prove necessary and sufficient

condition for parametric curves to be lines

of Curvature on a surface.

(b) Show that curves u+v=const. are geo-

desics on a surface with the metric :

u+v=const

(1+u2) du2–2uv du dv + (1+v2) dv2.

6/11

6. (a) Derive the Weingarten equations in terms

of E, F, G, L, M and N.

E, F, G, L, M N

(b) Show that inner product of tensors i
jA

and hk
pB  is a tensor of order three.

i
jA hk

pB

Skeâ he=‰ hej ØeeÛeue Je›eâeW kesâ Je›eâlee jsKeeSB nesves kesâ efueS

DeeJeMÙekeâ SJeb heÙee&hle ØeefleyebOeeW keâes meesuuesKe efmeæ keâerefpeS~

oMee&FS efkeâ Je›eâ heefjJeej  Skeâ he=‰ efpemekeâer

otjerkeâ efvecve nw, hej DeJeceeblejer nQ :

Deewj  kesâ heoeW ceW yeeRieeš&ve meceerkeâjCeeW

keâes JÙeglheVe keâerefpeS~

oMee&FS efkeâ ØeefoMeeW  Deewj  keâe Deeblej iegCeve Skeâ

le=leerÙe keâesefš keâe ØeefoMe nw~
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7. (a)
ij
, Tij S

ij
 is an

invariant, show that Tij is a second order

contravariant tensor.

S
ij 

Tij S
ij

Tij 

(b) Show that covariant derivative of a ten-

sor of type (1,1) is a tensor of type (1,2).

(1,1)

(1,2)

6/12

8. (a) Show that the operations of contraction

and covariant differentiation on a tensor

commute.

(b) Show that h
jkhjk RR  is a symmetric co-

variant tensor.

h
jkhjk RR

9. (a) Derive transformation formula for

connexion coefficients and show that they

are not tensors.

(b) Show that every 2-dimensional Rieman-

nian space is an Einstein's Space.

I f  for  all covar ian t  t ensor  S

Ùeefo ØelÙeskeâ menÛej ØeefoMe kesâ e fueS  Skeâ

efveMÛej nw, oMee&FS efkeâ Skeâ efÉleerÙe keâesefš keâe ØeefleÛej

ØeefoMe nw~

oMee&FS efkeâ Skeâ   Øekeâej kesâ ØeefoMe keâe menÛejerÙe

DeJekeâuepe Skeâ  Øekeâej keâe ØeefoMe neslee nw~

oMee&FS efkeâ Skeâ ØeefoMe hej mekegbâÛeve SJeb menÛejerÙe DeJekeâueve

keâer mebef›eâÙeeS ›eâceefJeefveefcele nesleer nw~

oMee&FS efkeâ  Skeâ meceefcele menÛej ØeefoMe nw~

™heeblejCe met$e keâes JÙeglheVe keâjles ngS oMee&FS efkeâ keâveskeäMeveme

iegCeebkeâ ØeefoMe veneR nw~

oMee&FS e fkeâ ØelÙeskeâ e fÉe fJeceerÙe meceef° Skeâ Dee    šerve

meceef° nesleer nw~
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