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'Q.1 Choose the correct option for each of the following. (3]
(1) A Cartesian representation of the curve ()= (sin?t,cos’t), L € R, is
(a) z+y=1 ) z+y=0 (yz—y=1 (d) none of these
(2) Let a,b> 0. Then the curve F{t) = (asint, beost),t € R, has infinitely many vertices
if and only if
(a)'azb ' (b) a<b (c)a>b () b=a+1
(3) The equation of the tangent space to z? - y? + 2% = 1 at the point (0,0,1) is
(a) 2=0 (b) z=1 (c) 2=0 @ y="0
(4) Which of the following is not a smooth surface?
() a2 497 — 2 = 1(b) ? + 4745 =100 Pz Py =2
(5) The image of the Causs map for a plane is
(a) sphere (b) hyperboloid (c) paraboloid (d) a point
{6) The mean curvature on a plane is
@-1 . B (©) 4 (@0
7} Which of the following maps preserve Gaugsian curvature?
( g
(a) Jocal diffeomorphism (¢) diffeomorphism
(b} conformal (d) None of these
(8) The sum of interior angle of triangle on & surface of Gaussian curvature —1is
(a) > (b) < (¢) = (d) 2=
| - 4

Q.2 Attempt any Seven. ,
(a) Compute the arc-length of F(t)

(b) Give an example of a plane cur

(c) Define vertex of a plane curve 7. .
1

= (ef cost, e sint) starting at the point (1,0).
i

ve having signed curvature ks(8) = Tig




(d) Compute first fundamental form on o (u, v) = (sinhusinh v, sinh u cosh v, sinh u).

(e) Compute the surface area of {{z,¥,2)" o2 4yt = 1,12 <1} '

(f} Let o be a surface patch of an oriented surface with the unit normal N. Show that
Ny, = —L and Nyo, = —M. _ '

(g) Let 7 be a unit-speed curve on an oriented surface S. Define norinal curvature and
geodesic curvature of 7.

(h) Define Christoffel’s symbols of second kind on a regulax patch o.

(i) State Bonnet’s Theorem.

Q.3

(a) Let 7 be a unit-speed curve in R? with nowhere vanishing curvature. Show that the (6]
curve @ = t is a regular curve. Algo, find curvature and torsion of @.

(b) Let 7 : (a, b} — R* be a unit-speed curve, and let So € (a,b). Let g € R such that 6]
H{sp) == (08 g, 5iN g). Show that there exists a unique smooth map ¢ (a,b) =~ R

such that 7(s) = (cosp(s),sin ©(s)} for a(l% s € (a,b) and w(s0) = wo-

(b) Let p and g be positive reals. Show that f]? " Jp?sin®t - ¢ cos?tdt > 271\/1'36 Also, (6]

chow that equality holds if and only if p= ¢

o

Define surface. Show that the set {(z,9,%) € R? .y = a2 - 4y?} is a surface. [6]
[f a smooth map f & S, is a local isometry, then show that {-,*)p = (., )pon [6]

.81 for all p € S1. OR -
(d) Let S, S2 and S; be smooth surfaces. Prove the following statements. 6]
(A) If p € &1, then the derivative at p of the identity map from Sy 10 itself is the
identity map from 1551 to itself. ' ' :
BYIff:6— Sy and g &2 =7 Sy are smooth maps, +hen for all p € S, Dy(ge fl=
Dying o Dpf- '
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Q.5 .

{¢) Compute the Caussian curvature and mean curvature of . . 16}
o(u,v) = (f(u)cosv, F(u)sinw, g(u), where (%—i)2 + (%)2 = 1.

£} Compute the principal curvatures and the principal vectors of o (u,v) = (1,7, u?+v?) 6]

at {0,0,0). 6
OR | (6]
(£) Show that the principal curvaiures at & point of a surface are maximum and minimum 6]

values of the normal curvatures. Moreover, the principal vectors (directions) are the
directions giving these maximum and minimum values.

Q.6

* (g) Tf 7 is a geodesic on the sphere z* +y° + 22 = 1, then show that 7 18 part of & greab 6]

circle. - :

(h) Let o be a surface patch of an oriented surface S. Show that Ly, — Mu = L, + 6]
M3, -Th) — NT?, and M, — Nu = IT%, + M(T3, - T12) — NT%,.
‘ - OR-

(h) foisa regular patch of an oriented surface, then show that Tuulu = %Eu, Guulo = 0]
Fy— %E«m Cuwdu — %Fva CupTv = %Gua GpTu — F, - %Gu and OOy = %Gv
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