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11.

Instructions

. This question paper has forty multiple choice questions.

. Four possible answers are provided for each question and only one of these is

correct.

. Marking scheme: Each correct answer will be awarded 2.5 marks, but 0.5 marks

will be deducted for each incorrect answer.

. Answers are to be marked in the OMR sheet provided.

. For each question, darken the appropriate bubble to indicate your answer.

. Use only HB pencils for bubbling answers.

Mark only one bubble per question. If you mark more than one bubble, the ques-
tion will be evaluated as incorrect.

. If you wish to change your answer, please erase the existing mark completely be-

fore marking the other bubble.

. Let N, Z, Q, R and C denote the set of natural numbers, the set of integers, the

set of rational numbers, the set of real numbers and the set of complex numbers
respectively.

Let S,, denote the group of permutations of {1,2,--- ,n} and Z, the group Z/nZ.

Let f: X — Y be a function. For A C X, f(A) denotes the image of A under f.
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1. Consider the following system of linear equations.

T+y+z+w=D0.
T —1y+ 22+ 3w = bs.
x — 3y + 32+ bw = bs.
x4+ 3y —w = by.
For which of the following choices of by, bs, b3, by does the above system have a
solution?
(A) by =1,bp =0,b3 = —1,by = 2.
(B) by =2,bp =3,b3 =5,by = —1.
(A) by =2,by =2,b3 =3,by, =0.
(A) by =2,by = —1,b3 = —3,by = 3.

2. Let y : [0,1] — R be a twice continuously differentiable function such that,

d2
d—;é(a:) —y(z) <0, forall z € (0,1),and y(0) = y(1) = 0.

A) y has at least two zeros in (0, 1).

(A)

(B) y has at least on zero in (0,1).
(C) y(z) >0 for all z € (0,1).

(D) y(z) <0 for all z € (0,1).

3. Which one of the following boundary value problems has more than one solution?

(A) v"+y=1,y(0)=1, y(n/2) =0
(B) ¥"+y =1, y(0) =0, y(2r) =0
(C) v —y=1,y(0)=0, y(n/2) =0
(D) y"—y=1, y(0) =0, y(r) =0

4. Let A be an n x n nonsingular matrix such that the elements of A and A~! are
all integers. Then, 5



(A) detA must be a positive integer.
(B) detA must be a negative integer.
(C) detA can be +1 or —1.

(D) detA must be +1.

5. Let @ be a polynomlal of degree 23 such that Q(z) = —Q(—

|z| > 10. If f )+ ¢) dz = 4 then c equals
(A) 0
(B) 1
(C) 2.
(D) 4

z) for all x € R with

6. Let b > 0 and z; > 0 be real numbers. Then the sequence {z,}52 ; defined by

1 b
Tntl = 5 %ﬂLa

A
B

(A) diverges.

(B) converges to /7.

(C) converges to 1/ (b + x1).
(D) converges to v/b.

3 .
7. Let f(x) =41 ifeeQ
sinz ifz € R\ Q.

Then the number of points where f is continuous equals

(A)
(B)
(©)
(D)

8 w N =

8. Let f : R — R be a continuous function satisfying, f(x) =5 fo

R. Then f(1) equals

t)ydt+1, Vze



10.

11.

12.

13.

(D) 1.

. Let f: R — R be a continuous function and let g(z) = fx2+3x+2 f(t) dt. Then,

0
g'(0) equals

Let z, > 0 be such that > 7 z, diverges and Y >~ 22 converges. Then z,
cannot be

(A) n;:bi-l'
(B) loin.

1
(C) ny/logn
(D) n(loén)2

If B is a subset of R? and v € R?, define B—u = {w—wu: w € B}. Let A C R3,
be such that tu + (1 — t)v € A whenever u,v € A and ¢t € R. Then,
A

(A) A must be a straight line.
(B) A must be a line segment.
(C)
(D)

C

A — ug is a subspace for a unique ug € A.
D) A

— u is a subspace for all u € A.

Minimum value of |z + 1|+ |z = 1| + |z —i| for z € C is

(A) 2.

(B) 2v2.
(C) 14+ /3.
(D) V/5.

The minimum value of |z —w| where z,w € C such that |z| = 11, and |w+4+3i| =
5 1s



14.

15.

16.

17.

18.

(D) 6.

Let P be the vector space of polynomials with real coefficients. Let T" and S be
two linear maps from P to itself such that 7' o S is the identity map. Then,

A
B) SoT must be the identity map, but 7" and S need not be the identity maps.

(A)

(B)

(C) T and S must both be the identity map.

(D) There is a scalar « such that T'(p) = ap for all p € P.

S o T may not be the identity map.

Let ¢; and ¢, be two perpendicular lines in R2. Let P be a point such that the
sum of the distances of P from ¢; and /5 equals 1. Then the locus of P is

(A)
(B) a circle.
(©)
(D)

a square.

C
D

a straight line.

a set of four points.

Let 0 < b < a. A line segment AB of length b moves on the plane such that A
lies on the circle 22 + y? = a?. Then the locus of B is

(A)
(B)
(C) a region bounded by two concentric circles.
(D)

a circle.

union of two circles.

an ellipse, but not a circle.

Let u,v and w be three vectors in R3. It is given that uw-u =4, v-v =9, w-w = 1,
u-v==06,u-w=0and v -w = 0. Then the dimension of the subspace spanned
by {u,v,w} is

(A)
(B)
(C)
(D)

1
2.
3
cannot be determined.

Let a,, be the number of ways of arranging n identical black balls and 2n identical
white balls in a line so that no two black balls are next to each other. Then a,
equals

(A) 3n.



(D) (n(22n¢;rll))

19. Maximal area of a triangle whose vertices are on the ellipse % L =11

2 —
(A) 2Bab,

(B) 3\f( ;L )‘

(©) %g%ib%

(D) 2.

20. Let ap = 3¢ (%), k=1,2,3,--- . Then

A
B
C
D

ay 1s increasing.
ay is decreasing.

(A)
(B)
(C) ay decreases for first few terms and then increases.
(D)

none of the above.

21. What is the limit of (2" 4+ 3" + 4")% asn — oo 7

b

(A) 0
(B) 1.
(C) 3.
(D) 4

~— ~— — ~——

O

22. What is the limit of ™" Y7 k,) as n — oo?

(A) 0.
(B) 1.
(C) 1/e.
(D) e.

23. Let f,g : [-1,1] — R be odd functions whose derivatives are continuous. You

are given that |g(x)] < 1 for all z € [-1,1], f(-1) = —1, f(1) = 1 and that
f'(0) < ¢’(0). Then the minimum possible number of solutions to the equation
f(z) = g(x) in the interval [—1,1] is



24.

25.

26.

27.

f(Ss) is

(A) 1.

(B) 1or2

(C) Tor3

(D) 1or2or3

Consider the multiplicative group S = {z : |z| = 1} C C. Let G and H be
subgroups of order 8 and 10 respectively. If n is the order of G N H then

(A) n=1.
(B) n=2.
(C)3<n<5h
(D) n > 6.

Let G be a finite abelian group. Let H; and Hs be two distinct subgroups of G
of index 3 each. Then the index of Hy N Hy in G is

(A) 3
(B) 6
(C) 9.
(D) Cannot be computed from the given data.

A particle follows the path ¢ : [-5,%] — R?, ¢(t) = (cost,0, |sint|). Then the

distance travelled by the particle is

(A) 7.
(B) m.
(C) 2m.
(D) 1.



28.

29.

30.

31.

32.

Let T : R — R* be the map given by
T(Z'l, Ta, .]33) = (.1’1 — 2372, To — 2373, Tr3 — 233'1, ry — 21‘3)

Then the dimension of T'(R?) equals

(A) 1

(B) 2

(€) 3

(D) 4

The tangent plane to the surface 22 — z* + sin(y?) = 0 at (1,0, —1) is
(A) z—y+z=

(B) z+2y+2=0.

C)z+y—1=

(D) z+2=0

Let A and B be two 3x3 matrices with real entries such that rank(A) = rank(B) =
1. Let N(A) and R(A) stand for the null space and range space of A. Define N(B)
and R(B) similarly. Then which of the following is necessarily true ?

—_

AV A \VARIV/
= e

For a permutation 7 of {1,2,--- ,n}, we say that k is a fixed point if 7(k) = k.
Number of permutations in S5 having exactly one fixed point is

(A) 24.
(B) 45.
(C) 60
(D) 96.
Let A={1,2,---,10}. If S is a subset of A, let |S| denote the number of elements
in S. Then
> e

SCA,S#¢

equals

9



33.

34.

35.

36.

(A) —1.
(B) 0
(€)1
(D) 10.

Let P,, be the vector space of polynomials with real coefficients of degree less
than or equal to m. Define T : P,, — P, by T(f) = f' + f. Then the dimension
of range(T") equals

(A)
(B)
(C) m
(D) ( +1).

Let A and B be two finite sets of cardinality 5 and 3 respectively. Let G be the
collection of all mappings f from A into B such that the cardinality of f(A) is 2.
Then, cardinality of G equals

1
(m —1).

(A) 3
(B) 3-
(€) 3-
(D) %( —3).

Let G be the group Zs X Zo and let H be the collection of all isomorphisms from
G onto itself. Then the cardinality of H is

A
B
C

2
4.
6
D) 8

(A)
(B)
(©)
(D)

A line L in the X'Y-plane has intercepts a and b on X-axis and Y -axis respectively.
When the axes are rotated through an angle 6 (keeping the origin fixed), L makes
equal intercepts with the axes. Then tan # equals

10



37.

38.

39.

40.

(D) &5

Let B;, By and Bs be three distinct points on the parabola y? = 4. The tangents
at Bj, By and Bj to the parabola (taken in pairs) intersect at C;, Cy and Cs. If a
and A are the areas of the triangles B; By B3 and C7C5C}3 respectively, then

(A) a=A.
(B) a =2A.
(C) 2a = A.
(D) a = V2A.

Let P be a 3 x 2 matrix, () be a 2 x 2 matrix and R be a 2 x 3 matrix such that
PQR is equal to the identity matrix. Then,

(A) rank of P = 2.

(B) @ is nonsingular.

(C) Both (A) and (B) are true.
(D)

D) There are no such matrices P, () and R.

The number of elements of order 3 in the group Zi5 X Z5 is

(A) 3.
(B) 8.
(€) 9.
(D) 15.

The number of surjective group homomorphisms from Z to Zs equals

=

8 w N

B
C

(
(
(
(D

)
)
)
)

11



