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Q.1 Choose the correct option for each of the following.
1) A Cartesian representation of the cuuve F(t) = (,t — 1) is

(a) z+y=1 by z+y=0 | () z—y=1 (d) z—y=0
{2) Which of the following curves has exactly four vertices?

(a) 22+ =1 (b) 22 +y% =4 () 22 +y* =9 (d) B+L=1
(3) Which of the following surfaces is not a smooth surface?

(a) cone (b} sphere (¢} cylinder {d) plane
{4) The equation of the tangent plane to % + % = 1 at (1,0,0) is

(a) z=0 (b) 22=1 (¢) z=—1 d)z=1

(5) The Gauss map is an identity map on

(a) sphere (b) hyperboloid (¢} paraboloid {d) plane

(6) The Gaussian curvature on the sphere of radius 1 is

(a) =1 (b) 1 (c) & (d) 0
(7) Which of the following theorem is analogous the fundamental theorem of curve theory?

(a) Theorema Egregium (¢) Gauss - Bonnet theorem
(b) Bonnet’s theorem (d) None of these

N\
(8) The geodesic curvature of the curve ¥(t) = (¢,—%,0) on the surface z = y2 — 22 is

(2) 0 (b) 1 (¢} 2 (d) 3

Q.2 Attempt any Seven.

(a) Find a unit speed reparametrization of () = (sin 2¢, cos 2¢),

(b) Compute the curvature of the curve y(t) = (t,2%).

{¢) State Wirtinger’s inequality.

(d) Compute unit normal of the surface o(u,v) = (u,v,2 — v},

{e) Define local diffeomorphism and diffeomorphism between smooth surfaces.
{f) If f: 81— 82 is a local isometry, then show that it is a conformal map.
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(g) Compute the Second Fundamental form on o(u,v) = (u,v, 4 + v).
{h} State the Bonnet's theorem.
(i) Show that any geodesic on a surface has a constant speed.

( ) State and prove Isoperimetric Ineguality.
- (b) Define reparametrization of a par ametmzed curve 7 : (@, b) — R™. Show that a reparametriza-
tion of a regular curve is regulm
_ OR
{b) Define signed curvature of 2 unit-speed curve 7 : {a,b) —+ R?. If k : (a,b) — R is a smooth
map, then show that there is a unit-speed curve 7 : {(a,b) ~» R? whose signed curvature is
k.
Q4
(c) Define surface. Show that the set {(z,y,2) € R* : 22 + ¢? + 22 = 1} is a surface.
(d) Let Sy and 52 be two smooth surfaces. Let f: §) — S be a smooth map, If f*{v,w), =
(v,w)p for all p € Sy and v, w € T,5), then show that f is a local isometry.
‘ OR

(dy (i) Let f: 81 — Sy be a local diffeomorphism, and let 77 be a regular curve in S3. Show
that f oy is a regular curve in Ss.

(ii) Compute the surface area of {(z,y,2) € R3 122+ ¢y? + 22 =1, 2> 0}

Q.5

{e) Define Weingarten map. Let o : U — R® be a surface patch of an oriented surface S, and
let p be in the image of o, i.¢., p = o{u, v) for some (u,v) € U. Show that the matrix of W,

~1
o . . (B F L M !

with respect to the basis {oy, o} of T8 is (F G) (M N)'

(f) Compute the principal curvatures and the principal vectors of o{u,v) = (u,v,v* — u?) at
(0,0,0).

OR.

{f) State and prove BEuler’s Theorem. Hence deduce that principal curvatures at a point of
a surface are maximum and minimum values of the normal eurvatures and the principal
vectou; (directions) are the directions giving these maximum and minimum values

( ) Determine geodesics on the unit sphere {(z,9,7) € R®: 2 + % + 22 = 1}
(h) Let ¢ be a surface pa,tch of an oriented surface §. Then show that L, — M, = LT, +
M(T%, — T) = NT2, and M, — N, = LI}, + M(I'%, - T3,) — NT2,

OR
(h) State Gauss-Bonnet Theorem. Express the Christoffel’s symbols I'l, and ', in terms of B,
1 il

F, G and their partial derivatives.
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