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General Instructions

General Instructions:

1) All questions are compulsory. Marks allotted to each question are indicated in the

margin.
i1) Answers must be precise and to the point.
ii1) In numerical questions, all steps of calculation should be shown clearly.
iv) Use of non-programmable scientific calculators is permitted.

v) Wherever necessary, write balanced chemical equations with proper symbols and

units.

vi) Rough work should be done only in the space provided in the question paper.




Q1. Let a; = b; = 0, and for each n > 2, let a,, and b,, be real numbers given by

an = 3 (~1)"m(log(m))"
m=2

n

1
b= 2 ogtmy

m=2
Then which one of the following is TRUE about the sequences {a,} and {b,}?

(A) Both {a,} and {b,} are divergent
(B) {ay} is convergent and {b,,} is divergent
(C) {ay} 1s divergent and {b,,} is convergent

(D) Both {a,} and {b,} are convergent

Q2. Let M,,,(R) be the subspace of M, ,(R) defined by
V ={X € Mpxp(R) : TX = 0}.
Then the dimension of V' is

(A) pn — rank(7)

(B) mn — prank(7")
(C) p(m — rank(T))
(D) p(n — rank(T)

Q3. Let g : R — R be a twice differentiable function. Define f : R? — R by
fla,y,2) = g(z® +y* — 22%).
Then

O%f  O2f 02
ox?  Oy? 022

is equal to



(A) (422 + 4y? — 4222) " (2% + y? — 22?)

(B) (42% + y? + 422%)g" (2 + 9 — 222)

(C) (42? + y? — 2222)g" (2 + y? — 22?)

(D) (42? + y? 4+ 422%)g" (2 + y? — 22%) + 8¢/ (2% + y? — 22?)

Q4. Let {a,}>° , and {b,}°° , be sequences of positive real numbers such that

na, < b, < n’a,, for all n > 2. If the radius of convergence of the power series

o0
E anx”

n=0

is 4, then the power series

o0
Z byx"
n=0
is

(A) converges for all = with |z| < 2
(B) converges for all x with |z| > 2
(C) does not converge for any = with |z| > 2

(D) does not converge for any = with |z| < 2

QS. Let S be the set of all limit points of the set

{% + g ‘n € N} )
Let Q. be the set of all positive rational numbers. Then
A)Q+CS
B) S c Q4
©) SNR\Qy) #0
D) SNQ4 #10




Q6. If 2"y* is an integrating factor of the differential equation

y(1+ zy)dr + x(1 — zy) dy = 0,

then the ordered pair (A, k) is equal to

(A) (~2,-2)
(B) (—2,-1)
(©) (~1,-2)
(D) (~1,—1)

Q7. If y(z) = 2e2* + €57 3 £ 2, is a solution of the differential equation

Py d
—y+—y—6y:0,
T

satisfying j—g(()) =5, then y(0) is equal to

(A) 1
(B) 4
(©)5
(D) 9

Q8. The equation of the tangent plane to the surface
2%z + /8 — 22 — y* = 6 at the point (2,0, 1)
is
(A)2x+2z=5
(B)3x+4z=10

(C)3z—2=10
(D) 7x —42=10




Q9. The value of the integral

1 1—y2
/ / ysin(r(1 — 2%)?) dz dy
0 JO

is

(A) 5=
(B) 27
©) 3
(D) 2

Q10. The area of the surface generated by rotating the curve y = 23, 0 < z < 1, about

the y-axis, is

(A) 1032
(B) % (10%* — 1)
(C) Z10%/2
(D) 47 10%/2

Q11. Let 7 and K be subgroups of Z,44. If the order of H is 24 and the order of KX is 36,
then the order of the subgroup H N K is

(A)3
(B) 4
(©) 6
(D) 12

Q12. Let P be a 4 x 4 matrix with entries from the set of rational numbers. If v/2 + i,
with i = \/—1, is a root of the characteristic polynomial of P and 7 is the 4 x 4 identity

matrix, then



(A) P* =4P? 4+ 9]
(B) P* =4P? - 9]
(C) Pt=2P%-9r
(D) P* = P2 +91

Q13. The set

{ a :—1<x<1}, as a subset of R, is
1+ 22

(A) connected and compact
(B) connected but not compact
(C) not connected but compact

(D) neither connected nor compact

Q14. The set

1 1 .
{——l—— :m,neN}U{O}, as a subset of R, is
m n

(A) compact and open
(B) compact but not open
(C) not compact but open

(D) neither compact nor open

Q15. For —1 < z < 1, the sum of the power series
o0
1+ Z(—l)”_lnzx”_l is
n=2

(A) s

142
(B) 1;4

©) ety

1+x




Q16. Let f(z) = (Inz)?, 2 > 0. Then

(A) lim,_,~ f(z) does not exist

(B) limg 00 f(2) = 2

(C) limg o0 (f(z +1) = f(2)) =0

(D) lim; o0 (f(x + 1) — f(x)) does not exist

Q17. Let f : R — R be a differentiable function such that f’(z) > f(z) for all z € R, and
f(0) = 1. Then f(1) lies in the interval

(A) (0,e7)
(B) (e, V/e)
(©) (Ve.e)
(D) (e, o0)

Q18. For which one of the following values of £, the equation

203 + 322 — 120 — k=0

has three distinct real roots?

(A) 16
(B) 20
(C) 26
(D) 31

Q19. Which one of the following series is divergent?

(A) S sin®(5)

n2

B) >0l whogn



©) Xt
D) >0y m

Q20. Let S be the family of orthogonal trajectories of the family of curves

222 + y> =k, for k € Rand k > 0.

If / € S and C passes through the point (1,2), then C also passes through

Q21. Let z + ¢” and 1 + x + ¢* be solutions of a linear second-order ordinary differential
equation with constant coefficients. If y(x) is the solution of the same equation

satisfying y(0) = 3 and 4/(0) = 4, then y(1) is equal to

(A) 1

(B) 2¢ + 3
(C)3e+2
(D) 3¢ + 1

Q22. The function

flz,y) = 2% + 22y +

has a saddle point at



© (=3.-3)
(D) (_17 _1)

Q23. The area of the part of the surface of the paraboloid
a@+f+z:8

lying inside the cylinder
x° + y2 =4

(
(B) m(173/2 — 1
(C) Z(173/2 — 1)
(D) 5(17%/% — 1)

Q24. Let C be the circle (z — 1)? + y? = 1, oriented counterclockwise. Then the value of

the line integral

4
L/i(—xyde—kx4dy)
o \3

(A) 67
(B) 87
(C) 127
(D) 14r

Q25. Let F(z, y, z) = 2yi + 22 + zyk and let C be the curve of intersection of the plane
r+y+z=1

and the cylinder



Then the value of

/F-dr
C

(A) 7

(B) 3¢
(C) 2
(D) 37

Q26. The tangent line to the curve of intersection of the surface 2> + > — z = 0 and the

plane z + > = 3 at the point (1, 1, 2) passes through

(A) (=1,-2,4)
(B) (—1,4,4)
(©) (3,4,4)

(D) (~1,4,0)

Q27. The set of eigenvalues of which one of the following matrices is NOT equal to the

set of eigenvalues of

(A)

(B)

(©)

(D)

=~
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Q28. Let (a,,) be a sequence of positive real numbers. The series

o0
E a?  converges if the series
n=1

(A) > | a, converges
(B) >, 1a, converges
(C) >° | a, converges

(D) > 7 | % converges

an+41

Q29. For € R, define

2?|z|Py ifx #0,
flz,y) =
0 ifz =0.

Then, at (0,0), the function f is

(A) continuous for 5 =0
(B) continuous for 5 > 0
(C) not differentiable for any £

(D) continuous for 5 < 0

Q30. Let (a,,) be a sequence of positive real numbers such that

a1 =1, ap+1 =2apaps1 —ay, =0foralln > 1.
Then the sum of the series .
>
n=1

lies in the interval

(A) (1,2)
B) (2,3)

11



(© (3,4)
(D) (4,5)

Q31. Let G be a noncyclic group of order 4. Consider the statements I and II:

I. There is NO injective (one-one) homomorphism from G to Zy

II. There is NO surjective (onto) homomorphism from Z4 to G

(A) Iis true
(B) 11s false
(C) I 1s true
(D) I is false

Q32. Let G be a nonabelian group, y € G, and let the maps f, g, » from G to itself be
defined by
-1

flx)=yzy ", gz)==x and h=gofog.

Then

(A) g and h are homomorphisms and f is not a homomorphism
(B) h 1s a homomorphism and ¢ is not a homomorphism
(C) f 1s a homomorphism and g is not a homomorphism

(D) f, g and h are homomorphisms

Q33. Let S and T be linear transformations from a finite dimensional vector space V' to

itself such that S(7'(v)) = 0 for all v € V. Then

(A) rank(7") > nullity(.S)
(B) rank(S) > nullity(7")
(C) rank(T") < nullity(S5)

12



(D) rank(S) < nullity(7")

Q34. Let F and G be differentiable vector fields and let ¢ be a differentiable scalar

function. Then

(A)V-(FxG)=G -VxF-F-VxG
BV - FxG)=G-VxF+F-VxG
OV - (GxF)=G-VxF-F .- VxG
D)V (gF) =gV -F+F Vg

Q35. Consider the intervals S = (0,2] and 7' = [1, 3]. Let S° and T7° be the sets of interior

points of S and 7, respectively. Then the set of interior points of S \ 7 is equal to

(A) S\T°
(B) S\ T

(C) §°\ T°
(D) S°\ T

Q36. Let a,, be the sequence given by

= (s () eos (7)) m 21
ap = max | s 5 , COS 5 , n>1.

Then which of the following statements is/are TRUE about the subsequences {a¢,_1}

and {a6n+1}?

(A) Both the subsequences are convergent
(B) Only one of the subsequences is convergent
(C) {agn—1} converges to —% and {agn41} converges to &

(D) {agn+4} converges to 3
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Q37. Let

f(z) =cos(|mr —z|) + (x — m)sin|z| and g(z)=2?forz € R.

If h(z) = f(g(x)), then

(A) h 1s not differentiable at x = 0
(B) h'(v2) =0
(C) W' (x) = 0 has a solution in (—7, )

(D) There exists x¢ € (—m, ) such that h(zg) = xg

Q38. Let

f(z) = (sinx)™ — wsinz + 7.

Then which of the following statements is/are TRUE?

(A) f is an increasing function
(B) f is a decreasing function
(C) f(x) > 0forall x € (0,7)
(D) f(x) < 0 for some = € (0, 7)

Q39. Let

\ml‘ﬂy\ V42 (z,y) #(0,0),

0, (z,y) = (0,0).
Then at (0,0),

(A) f is continuous
(B) % =0 and g—i does not exist
(©) % does not exist and % =0

(D)%:Oandg—gzo

14



Q40. Let {a,} be the sequence of real numbers such that
ay=1 and @,y 1 =a,+a? foralln>1.

Then

(A) ag = a1(1 + al)(l + az)(l -+ a3)
(B) limy, o0 % =0
(O) limy, 00 aLn =1

(D) limy, 00 a, = 0

Q41. Let = be the 100-cycle (123 ... 100) and let y be the transposition (49 50) in the

permutation group S;o. Then the order of xy is

Q42. Let W; and W5 be subspaces of the real vector space R'% defined by

Wi = {(:L‘l,l‘g, R 753100) cx; =0 if 7 1s divisible by 4},
Wy = {(x1,22,...,2100) : @ = 0 if 4 is divisible by 5}.

Then the dimension of 1/, N W5 is

Q43. Consider the following system of three linear equations in four unknowns

T1,22,23,T4:

T1+xo+a3+14 =4
r1+ 2x9 4+ 3r3+ 414 =5
x1 + 319 +5x3+ kxyg =5

If the system has no solutions, then = .......
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Q44. Let ﬁ(:c, y) = —yi + 2 and let C be the ellipse

2 2
x__|_y_:1
16 9

with counterclockwise orientation. Then the value of fo F - d7 (rounded to 2 decimal places)

about r = § 1S veeeeeenn.

Q46. Let f : [0, 1] — R be given by

(Fe)” + (=)
8(1+ z)

Then max{f(z) : z € [0,1]} — min{f(z) : x € [0,1]} IS ceverecv.

flx) =

Q47. 1f .
g(z) :/ f(t)dt, where f(z)=+/1+32% for zeR
z(z—2)
then ¢'(1) = ..........
Q48. Let

3 3
"4y 2 2
ey R R # 0

fla,y) =
0, w2 —y?> =0

Then the directional derivative of f at (0,0) in the direction of %% + %] 18
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Q49. The value of the integral

1 1
/ / |z + y| dz dy
1J

(round off to 2 decimal places) is ................

Q50. The volume of the solid bounded by the surfaces
t=1-—y? x=9y?>—1, andtheplanes z=0 and z=2

(round off to 2 decimal places) is ........

QS51. The volume of the solid of revolution of the loop of the curve
y* =2tz +2)

about the x-axis (round off to 2 decimal places) is .............

Q52. The greatest lower bound of the set
{(e" —1—2”)% ‘n € N},

(round off to 2 decimal places) is .............

Q53. Let
G ={n e N:n <55, ged(n,55) = 1}

be the group under multiplication modulo 55. Let = € G be such that 2> = 26 and

x > 30. Then z is equal to ................

Q54. The number of critical points of the function
fle.y) = (@® 4 3y°) e )

17



QS5S5. The number of elements in the set

{z € S3:2"=¢}, where e is the identity element of the permutation group Ss, is

Q56. It

z

Y

is an eigenvector corresponding to a real eigenvalue of the matrix

0 0 2
1 0 —4
01 3
then > — yisequalto.................
Q57. Let M and N be any two 4
1 001
x4 matrices with integer entries satisfyingMN = [0 1 0 0| =2
0010

Then the maximum value of det(M) 4 det(N) is...............

Q58. Let M be a 3 x3 matrix with real entries such that}/? =

M +2I, where I denotesthe 3 x 3 identity matrix. If «, 5,~ are eigenvalues of M

such that a8y = —4, thena + 5+ yisequal to .............

Q59. Let y(x) = zv(x) be a solution of the differential equation

d*y dy

2

8V 3% 3y =0
xdaﬂ xdx+ Y
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If v(0) =0 and v(1) = 1, then v(—2) isequal to .................

Q60. If y(x) is the solution of the initial value problem

d*y dy
— 242 4y =0 =2 =20)=0
) l Y . y(0) ) (0) )

then y(In 2) is (round off to 2 decimal places) equal to ...............
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