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A real valued function f defined over a

real interval | is said to be of class n, n

being a positive integer, if it possesses :

(A) continuous derivatives of nth
order at each point of |

(B) partial derivatives of n + 1th order
at each point of |

(C) semi continuous derivatives of
nth order at each point of |

(D) continuous derivatives of n + 1th
order at each point of |

The equation of the tangent line to the

curve X =t, y = t2,z = t° at the point
t=1,is:
x+1 y-1 z-1

(A)

1 2 3
x—1 -1 z-1
(8) ==
1 2 3
x+1 +1 z-1
© ==L=-
1 2 3
Xx+1 -1 z+1
0) —==L=-
1 2 3

The necessary and sufficient condition
for the curve to be a plane curve is :

(A) [rrr]=0
(B) [rrr]=0
(C) [rrr]=0
(D) [rrr]=0

B031006T

(3)

The true relation is :

A) t:[HF]
[ix ]2
[rrr]
B L 4
®) [Fx T2
© T:_[fff]
[Fx]?
D) 1= [rrr]
[ix ]2

If the position vector r of a current
point on the curve is a function of t,
then the true relation is :

(A) r=st
(B) r=sxt
(C) r=—st

(D) None of the above

If my, my, mg are the moments about the

origin of unit vectors t, n, b localized in
the tangent, principal normal, and
binormal, then the following relation
exists :

!

(A) M=t
(B) my=—xmy

©) mi = KMy
(D) None of the above
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If x =acos 6,y =asin 6 and z = f(0),

and determines a plane curve, then :

2
w &
do do?
2
(B) £+u:0
do  gg?
2
©) £+2u=0
do g2

(D) None of the above

If x = 3u,y:3u2,z:2u3, then there

exist a relation :
3 212
(A) p=§(1+2U)
3
(B) p=§<1—2u2)2
5 212
©) p=§(l+2u )

(D) None of the above

For a cubic curve, the torsion tis:

(A) m
(B) m
© m
(D) rﬁuz_n

B031006T

10.

11.

12.

The distance between corresponding
points of two involutes is :

(A) indefinite

(B) variable

(C) constant

(D) None of the above

The tangent to two different evolutes
corresponding to the value & and a, of
the parameter ¢ drawn from the same
point of the given curve are inclined to
each other at the constant angle :

(A) & +a

(B) 2c(ay+ap)

(C) 2c(xy-ap)

(D) (y—ap)

If a plane curve has only a single

evolutes in its own plane, then it is :

(A) the locus of the -centre of
curvature

(B) the locus of the half of centre of
curvature

(C) the locus of the twice of centre of
curvature

(D) None of the above
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13.

14.

15.

B031006T

If the surface is given by z= G +y2,
then the equation of tangent plane at
point (1,-1, 2) is :

(A) 2x-2y+z=2

B) 2x-2y-z=2

(C) 2x+2y-z=2

(D) None of the above
The equation of the edge of regression
IS :
_ 0 _
(A) F(a) = constant, a F(a) =
constant

(B) F(a) = constant, ai F(@) =0

(©) F@=0,— F@-=0

(D) F() =0, = F(a) = constant

If L, MN vanish everywhere on a
surface, then :

(A) the surface is part of a plane

(B) the surface is a plane

(C) thereis no surface

(D) None of the above

(5)

16.

17.

If on the paraboloid x2—y2=z,the

sections are by the plane z = constant,

then orthogonal trajectories of the

section are :

(A) X constant
(B) xy = constant
©) xy2 = constant
(D) x2y = constant

The principal curvature for the surface

z=f(x,y)is:

(A) «2(EG-F?)—k,(EN+LG
~2FM) + (LN + M?) =0

(B) «2(EG-F?)-«,(EN-LG
~2FM) + (LN~ M?) =0

(C) «2(EG+F?)—x,(EN+LG
“2FM) + (LN - M?) =0

(D) «2(EG-F?)—«n(EN+LG
~2FM) + (LN~ M?) =0
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18.

19.

20.

The necessary and sufficient condition
that a curve on a surface be a line of
curvature is that :

(A)
(B)
©)

kdt+dN =0 at each of its points
xdt—dN =0 at each of its points
kdt+dN+1=0 at each of its
points

None of the above

(D)

If v is the angle between the direction
(du, dv) of the normal section and the
normal curvature k, at a point on a
surface is given in terms of principal

curvature k, and xy, is given by :
(A)
(B)
©
(D)

Kn = Ka COS% \ — Kp SiN
— 2 2
- 2 2

Kn = Ka COS™ Yy + K, SIN" Y

None of the above

If Gaussian curvature at a point P on the

surface is positive, then the surface is :

(A) elliptic

(B) parabolic

(C) linear

(D) None of the above

B031006T

(6)

21.

22.

23.

The generators of the osculating
developable of a twisted curve are
tangents to the curve and its edge of

regression is :

(A) normal
(B) tangent
(C) curve itself

(D) None of the above

The edge of regression of the rectifying

developable of a space curve has its

equation is :

(A) R-r=x ¥xD)
K't—«xt'

(B) R+r= FKn)
K't—xt'

(©) R-r+x %) _g4
K T—KT

D) Rer— k) g
K T—KT

If the given curve is a line of curvature,

there exists :

(A) aN _ KE =0
ds ds

(B) aN + 21(E =0
ds ds

© anN + KE =0
ds ds

(D) None of the above
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24. If the curve is x = 6t, y = 3%, z = 2t° for 27. The equation of the developable surface

its edge of regression of developable which passes through the curve
surface, then its equation is : z=0,y?=4ax,x=0,y* =4bzis:
(A)  (3xz—4y*)(12y — x*) = (92 — xy)* (A) y*=4ax +4bz
(B) (3xz—4y*)(12y + x°) = (92 — xy)? (B) y*=4ax—4bz
(C)  (Bxz—4y*)(12y — x%) = (9z + xy)? (C) y*+4ax+4bz=0
(D) None of the above (D) y*—4ax+4bz=0
25. If Gaussian curvature K is zero, 28. The curves of the family vVu? =
then : constant are geodesics on a surface with
(A) the surface is generator a metric (u >0, v>0) given by :
(B) the surface is principal curvature (A)  VvZdu® - 2uvdudv — 2u*dv?
(C) the surface is developable (B) v*du® - 2uvdudv + 3u“dv®
(D) None of the above (C) v*du® - 2uvdudy + 2u®dv?

(D) None of the above
26. On the surface z = f (x, y), the

asymptotic lines are : 29. The geodesics on any cylinder are :
(A) rdx* — 2sdxdy + tdy* (A) lines

(B) rdx® + 2sdxdy + tdy? (B) parabolas

(C) rdx? + 2sdxdy — tdy? (C) ellipses

(D) None of the above (D) helices
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30. The necessary and sufficient condition 33. The gradient of a field is a tensor

that a geodesics be a plane curve is named -

that :
(A) nonlinear

(A) it is helix

(B) covariant
(B) itis line of curvature

(C) itis parabola (C) contravarient

(D) None of the above (D) None of the above

31. If in an algebraic operation, the rank of 34. The velocity is a rank of :

mixed tensor is lowered by 2, then it is

A 1
known as :
(A) linear ®) 2
(B) deformation € 3
(C) contraction (D) None of the above

(D) None of the above
35. The acceleration is a rank of :

32. The velocity is a tensor named :

(A) 3
(A) contravarient

B) 2
(B) covariant

(C) 4

(C) linear

(D) None of the above (D) None of the above

B031006T (8) Set-A



36. If dS? = gjdx'dx! is invariant, then :
(A) gij is a symmetric covariant tensor
of rank 2

(B) gij is a non-symmetric covariant

tensor of rank 2

(C) gij is a symmetric covariant tensor

of rank 3

(D) None of the above

37. If g; is a contravariant tensor of rank 2

and if Ajj = % (gij + gji)a then :

(A) Ajjis a negative tensor
(B) Ajjisaasymmetric tensor
(C) Ajjis asymmetric tensor

(D) None of the above

38. The distance between two adjacent
points (X, y, z) and (x + dx, y + dy,
z + dz) in Cartesian Coordinate is given
by:
(A) ds®=dx*—dy* +dz°
(B) ds®=dx?+dy? + dz°
(C) ds*=dx? + dy? — dz?

(D) None of the above

B031006T

(9)

39.

40.

In n-dimensional space, the distance

between two neighbouring points with

coordinates x* and x* + dx" is given by :

(A) ds?= 3 > XX,

| Guv [#0

(B) ds?=3 " >0 i,

© 7= 302 XX

(D) None of the above

= OX
If T =7
a axoLI
_ x* oxP n
gop 2227 g , then :
ox™ ox"
o B
@) 7,58 - rgn
ox"

(B) T,5%=—Prghn

N
©) T,5%=—Prglhn

(D) None of the above

| 9y [#0

\"
1

| 9y [#0

and
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41. Outer product of two tensors is a tensor 43. If Aj and Bj be two vectors such that

whose rank is : Kij AiB; is invariant, then Kjjis a :
(A) the sum of the ranks of the given (A) First order tensor
tensors (B) Second order tensor

(B) the product of the ranks of the (C)  Third order tensor

given tensors (D) Fourth order tensor

(C) the difference of the ranks of the 44. Kronecker deltaisa:

given tensors (A) mixed tensor of rank 2
(D) None of the above (B) mixed tensor of rank 3

(C) mixed tensor of rank 1
42. If Agﬁ and Bg are two tensors of rank

(D) None of the above
3 and 2 respectively, then the rank of

45. If A" and By, are any two vectors, then
AP BJ is equal to :

AF.B,isthe :
A 1 (A) rank two tensor
(B) 6 (B) invariant
€ 5 (C) rank one tensor
(D) 2 (D) None of the above

B031006T (10) Set-A



46. 1f x' = r and x* = 6, then the metric 48. The length L of a tensor A’ is given by :
- 3[ in -
tensor g,y in the matrix form is : (A) L= JAA,

B szfA‘A-
o] (B) i

(A) gw= .
ol r? © L= AA;

(D) None of the above

11
B) o= 0 r2_ 49. If o is any arbitrary contravarient

0 1T vector and Ajj o is a covariant vector,
©) = 0 r2_ then :

1 0] (A) Aj is a contravariant tensor of
P o 0 r?] rank 2

(B) Ajjis a covariant tensor of rank 2
47. The metric tensor for two dimensional

(C) Ajjisacovariant tensor of rank 1
plane in polar coordinates is given

(D) None of the above
by :
50. If AQB = ABQ, then :
(A) ds? =dr? + r’de?
(A) Ay is an anti-symmetric tensor
(B) ds?=dr?—r’de?
(B) Aqp is an asymmetric tensor

(C) ds?=dr?+ 2r’de?
(C) Agp is asymmetric tensor

2 _ Ayl 2402
(D) ds®=dr"—2r'do (D) None of the above

B031006T (11) Set-A



51. If v(a, y) and w(3, d) are two vectors in 54. The graph of a smooth real valued

R™ at o and B respectively, then function in R" is :

viw=: (A) ann-surfacein R"**

(A) (o+B,y+9) (B) an1-surface in R"

(®) (oy+9) (C) an(n-1)-surfaceinR"**
€ B.v+9) (D) Not asurface

(D) Not defined

55.  The graph of f (x4, xp) = x12 +x§ IS :

52. Iff(xq, xp) = x12 +x§ then the level set
(A) circle
of fat height O is :
(B) paraboloid

(A) empty
(C) cylinder
(B) apoint
(D) sphere
(C) acircle of radius 1
(D) None of the above 56. The graph of a real valued function in

) R" is a level set for some function in
53. If f (X1, X2) = X{ —X5. Then the level set

R"*1 which is :
of fat height O is :

(A) apoint (A) always true

(B) empty (B) always false

(C) a pair of straight lines (C) trueonlyifn=2

(D) arectangular hyperbola (D) falseonlyifn=2

B031006T (12) Set-A



57. If o and B are two integral curves of a
given vector field through a point p,
then :

(A) a=p

(B) a isthe restriction of B
(C) B isthe restriction of o
(D) Both (B)and (C)

58. Integral curve of the vector
field X(x1, X2) = (X2, X1) through
(1,0)is:

(A) a(t)=(sint, cost)

(B) af(t) =(cost, sin 2t)

(C) at) =(cost,sint)

(D) aft) =(cos 2t, sin t)
B031006T

(13)

59.

60.

Integral curve of the wvector field

X(X1, X2) = (X2, X1) through (a, b) is :

(A) ot)y=(acost—bsint,asint+b

cos t)

(B) at)=(acost+bsint,asint+b

cos t)

(C) at)=(acost—bsint,asint—b

cos t)

(D) afty=(acost+bsint,asint—b

cos t)

Integral curve of the vector field

X(x1, X2) = (1, 0) through (0, 0) is :

(A) thelinex; =0

(B) thelinex;=0

(C) thelinex;=1

(D) thelinex;=1
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61. Integral curve of the vector field
X(X1, X2) = (0, 1) through (0, 0) is :
(A) thelinex;=0
(B) thelinex;=1
(C) thelinex,=0
(D) thelinex;=1
62. If (X1, X2) = x12 —x%, then the level set
of fat height 1 is :
(A) apoint
(B) empty
(C) arectangular hyperbola
(D) apair of straight lines
63. If (X1, X2) = x12 + x% , then the level set
of f at height -1 is :
(A) apair of straight lines
(B) apoint
(C) acircle of radius 1
(D) empty
B031006T

(14)

64.

65.

66.

Iff: U—> R, U e R™ be smooth, then

the tangent space to f (p), p € U is :

(A) {Vip}
(B) span{Vf(p)}
©) [viEr

(D) R T)+1

ff:U >R UeR™Manda: 1 > U,

d .
then, — (fo t)is:
Olt( a) (1)

(A) Fila(®) a't)
(B)  Af (a(t)).-cu(t)
©€)  fla)a(t)
(D) Af(a (1)). o'(t)

The dimension of the tangent space to

an n-surface in R"**!

at a point is :
A) 1

(B) n-1

©) n

(D) n+1
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67.

68.

B031006T

The dimension of the normal space to 69.

an n-surface in R"** at a point is :
(A) n-1

B) 1

€ n

(D) n+1

70.

Iff: U—> R, U e R"™ be smooth and

o : | — U be a parameterized curve,

then, which is a necessary and sufficient

condition for the image of o s

contained in a level set of ? 71.

(A) af(t) is contant

(B) f(a(t)=0

(C)  a(t) =kAf (D))

(D)  Gt) L KAF (ou(t))

(15)

Let f be a smooth real valued function
on R"*1. A point p € R"* ! such that
VT (p) =0 is called :

(A) Critical point

(B) Regular point

(C) Terminal point

(D) Point of inflection

An n-surface in R™ is called a

hypersurface when :
(A) n=1
(B) n>1
(C) n>2

(D) n>3

What is the surface of revolution

obtained by rotating the plane curve
x12 + (x—2)2 =1 about x;-axis ?

(A) Plane

(B) Sphere

(C) Cylinder

(D) Torus
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72.

73.

B031006T

What

obtained by rotation the plane

curve x12 +(x— 2)2 =1 about
Xp-axis ?

(A) Sphere

(B) Plane

75.

(C) Cylinder

(D) Torus

What is the surface of revolution
obtained by rotation the plane curve

Xo = 1 about x;-axis ?

76.

(A) Plane

(B) Sphere

(C) Cylinder

(D) Torus

(16)

is the surface of revolution 74.

What is the surface of revolution

obtained by rotation the plane curve
X2 = 1 about xp-axis ?

(A) Plane

(B) Sphere

(C) Cylinder

(D) Torus

What is the surface of revolution
obtained by rotation the plane curve
—x?+y?=1,y> 0 about x-axis ?

(A) Paraboloid

(B) 1-sheeted hyperboloid

(C) 2-sheeted hyperboloid

(D) Torus

The set of all unit vectors at all points
of R%isa:

(A) 1-surface in R?

(B) 2-surface in R®

(C) 3-surface in R*

(D) 4-surface in R’

Set-A



77.

78.

B031006T

The cylinder xZ+x3=1 in R® is

obtained by rotating :

(A) The circle x12+x§ =1 about
X1-axis

(B) The line x; = 1 in the plane
X1X3 about x;-axis

(C) The line x; = 1 in the plane
X1X2 about Xp-axis

(D) The line x; = 1 in the plane

XoX3 about xz-axis
The maximum and minimum values of

the function g(xy, X2) = x12+x§ on the

ellipse x12 +2x§ =lare:

(A) 2and 1 respectively
(B) 1and 1/2 respectively
(C) 3and 2 respectively

(D) 1and 0 respectively

(17)

79.

80.

A disconnected 2-surface in R® having
two components has exactly how many
choices for orientation ?

A) 2

(B) 5

) 3

(D) 4

If S be an n-surface in R" "1, then the

basis {vi, ...., vo} for the tangent space

Sp is said to be consistent for the

condition :

>0

#0

<0

N\ VR VR 7\
N— N— N— N—
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81. If S be an n-surface in R" " %, then the
basis {vi,...., vn} for the tangent space
Sp is said to be inconsistent for the

83. If S be an n-surface in R" ", then the

basis {vi,...., vn} for the tangent space

condition :
v Sp is said to be left handed for the
(A) det| i[>0
A condition :
Vi
(B) det| i <0 i
v, (A) det| i[>0
Vn
Vi
(C) det| : |=0 Vi
vy (B) det| : |#0
Vi Vn
(D) det| : |#0 Vi
Vi (C) det| : |=0
v
82. If S be an n-surface in R" " *, then the f
basis {vi,...., vn} for the tangent space Vi
S, is said to be right handed for the (D) det| : |<O
condition : Vi
Vi
(A) det| i[>0 84. The positive rotation in the tangent
Vn
space of a 2-surface in R® is given by :
Vi
(B) det| : |#0 )
y (A) Reg(v) = (cos B)v + (sin 0) N(p) x v
n
Vi (B) Re(v) = (sin O)v — (cos 6) N(p) x v
(C) det] : [=0
Vn (C) Ro(v) = (cos O)v — (sin 8) N(p) x v
Vi
(D) det] : |<O (D) Rg(V) = (sin O)v + (cos 0) N(p) x v
Vn
B031006T (18) Set-A



85.

86.

87.

B031006T

The unit n-sphere is disconnected for
the condition :

(A) n>0

B) n=1

(C) n>2

(D) n=0

The special linear group SL(2) is :
(A) 1-surface in R?
(B) 2-surfacein R®
(C) 3-surfacein R*

(D) 4-surface in R’

What is the spherical image of

surface ?

(A) Image under Weingarten map
(B) Image under Gauss map

(C) Image under Lagrange's map

(D) Image of sphere

(19)

88.

89.

90.

The relationship between the spherical
images of the surface S with orientation

N and S with orientation — N is :
(A) reflection through origin
(B) reflection about x-axis

(C) reflection about y-axis

(D) None of the above

If o : 1 - S is a geodesic on an n-
surface Sin R"**, then :
(A) acceleration of o is tangent to S

(B) acceleration of o is orthogonal

toS
(C) velocity of a is orthogonal to S

(D) velocity of o is tangent to S

A geodesic in the cylinder x12+x§ =1

is always of form :

(A) (cos (at + b), sin (at + b), ct + d)
(B) (cost, sint, cost+sint)

(C) (cos at, sin bt, 0)

(D) (cos (at + b), sin (at + b), at + b)

Set-A



91. On the sphere, a maximal geodesic in 94. An n-surface S in R" " ! is said to be
the 2-sphere is always a part of : geodesically complete, if :

(A) acircle (A) domain of every maximal

B) anellipse
B) P geodesic is R

(C) great circles
(B) image of every maximal geodesic

(D) straight lines
isS

2. o i ic if ly if i
o o | =S s ageodesic if an only if it (C) image of every maximal geodesic

satisfies the differential equation : _
is complete subset of S

(A) &+ (6.Noa)(Noa) =0 _ _
(D) domain of every maximal

(B)  a+(a.Noa)(Noc)=0 geodesic is complete subset

(C) &+ (6.Noa)(Noa) =0 of R

(D) &+ (6.Noa)(Noa) =0 _ o _
95. Covariant derivative of a vector field X

93. o : 1 — Sisageodesic on an n-surface on an n-surface S is given by :

SinR"*! then: . .
(A X(t) +{cut).N(o(t)) IN(eut))

(A) aisorthogonal to S . _
(B)  X(O)—1X(®)-N(a(t))}N(eut))

(B) speed of o is constant

© ald (©)  X(1)+{X(t)-N(a(t) IN(a(t))

(D) All of the above (D) X(t)—{cu(t)-N(ou(t))}N(a(t))

B031006T (20) Set-A



96.

97.

B031006T

What is the relationship between the

ordinary derivative X and X' of a vector

field X on an n-surface ?

(A) Xis the projection of X' to the

tangent space

(B) Xis the projection of X' to the
normal space

(C) X'is the projection of X to the
tangent space

(D) One is a scalar multiple of the

other

What is the relationship between the
acceleration & and the covariant
acceleration &' of a parameterized

curve o on an n-surface :

(A) one is a scalar multiple of the
other

(B) «a' is the projection of & to the
normal space

(C) @& is the projection of &' to the
tangent space

(D) &' is the projection of & to the

tangent space

(21)

98.

99.

100.

If X and Y be two vector fields along a
parameterized curve a on an n-surface,

then (X.Y)'is equal to :

(A) XY +XY

(B) XY +XY'

(C) XY'+X.Y

(D) Both (A) and (B)

If X is Euclidean parallel, then :
(A) Xs constant

(B) Xis Levi-Civita parallel
(C) Xiis oscillatory

(D) None of the above

If o be a geodesic on a 2-surface S,

Then a vector field X tangent to S along

o is parallel along a if and only if :

(A) || X|| and the angle between || X ||
and ¢ are constants

(B) || X || is constant

(C) |IX|land & are constants

(D) || X'||and &' are constants

Set-A
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10.

11.

12.

Impt.

Four alternative answers are mentioned for
each question as—A, B, C & D in the
booklet. The candidate has to choose the
correct answer and mark the same in the
OMR Answer-Sheet as per the direction :

Example :

Question :

Q1 ® @ © ®
Q2 & ® @ ©
23 ® @ © ©

lllegible answers with cutting and
over-writing or half filled circle will be
cancelled.

Each question carries equal marks. Marks
will be awarded according to the number of
correct answers you have.

All answers are to be given on OMR
Answer Sheet only. Answers given
anywhere other than the place specified in
the answer sheet will not be considered
valid.

Before writing anything on the OMR
Answer Sheet, all the instructions given in it
should be read carefully.

After the completion of the examination
candidates should leave the examination hall
only after providing their OMR Answer
Sheet to the invigilator. Candidate can carry
their Question Booklet.

There will be no negative marking.

Rough work, if any, should be done on the
blank pages provided for the purpose in the
bookilet.

To bring and use of log-book, calculator,
pager and cellular phone in examination hall
is prohibited.

In case of any difference found in English
and Hindi version of the question, the
English version of the question will be held
authentic.

> On opening the question booklet, first check that all
the pages of the question booklet are printed properly.
If there is any discrepancy in the question Booklet,
then after showing it to the invigilator, get another
question Booklet of the same series.

10.

11.

12.

TR § Y W % IR RTed
IW—A, B, C wd@ D g1 wdanef &1 51 =R
famedi 0 O HEl W BT €1 W H OMR
AR-IME § grafed gvd & | 79 7R
‘HT—IT%:

3GTEUT ¢

‘g‘s‘:“o

D @ © O

T2 ® ® ©

w3 D @ © ©®

S IW A1 T W = H1eT A1 agel T
T, AT H ST e g T, 3% i
e s

Jh U9 & 37 UM | 3T Fa W T&l
B, S & STTUR 37k YgH fohd S |

[ SW FHad . T TR, TWTHF (OMR
Answer Sheet) W & fad 1 81 W0 #
fauifta T & eretmen e wdl W fea T
W G &l |

3. TH. R IW-T% (OMR Answer Sheet)
R %o ot forem & 7d sud 3 73 |eft sreen
I FEYHEs qg foran S|

THE IR & SUN qenel et fiersd i
319t OMR Answer Sheet 3ucisdl i & &1
2 UeT wel ¥ TR i | qdemedt o7 @iy
-GG o ST Tohd & |

fitfea aferm =1 81

FE ot T &, T-YRast & 1< H, Th-+E &
forq few w@rett It W 2 foman s =nfew

Tden-we H T, oo, TSR adl
Y T o ST TN IHehT ITART HTAT afsid
7l

31 & o<t wa Sfist TR # fa=rar @9 &
TN H T T SIS TG0 & 7= BT |

HEEYUT : TR @ie W YUHd: St R 3@ o R

YeA-gfEdR & |l g3 wyefidifa ®Y gu g1 oAl
GYTYfeRT # 1E wHT B, A weRie H e
3 S T g weA-gfdent U R o |



