Entrance Examination : M.Sc. Mathematics, 2012
Hall Ticket Number| | | | | | | |-

Time : 2 hours Part A : 25 marks
Max. Marks. 100 ' Part B : 75 marks
Instructions

1. Write your . .~ Hall Ticket Number on the OMR Answer Sheet given to you.

Also write the Hall Ticket Number in the space provided above.
2. Answers are to be marked on the OMR answer sheet.

3. Please read the instructions carefully before marking your answers on the OMR answer
sheet. ' '

4. Hand over both the questioh paper booklet and OMR answer sheet at the end of the examination.

5. No additional sheets will be provided. Rough work can be done in the question paper
itself/space provided at the end of the booklet.

6. Calculators are not allowed.
7. There are a total of 50 questions in Part A and Part B together.

8. There is a negative marking in Part A. Each correct answer carries 1 mark and

each wrong answer carries - 0.33 mark: Each question in Part A has only one
correct option. '

9. There is no negative marking in Part B. Each correct answer carries 3 marks.
In Part B some questions have more than one correct option. All the correct
options have to be marked in OMR sheet other wise zero marks will be credited.

10. The appropriate answer(s) should be coloured with either a blue or a black ball point or a
sketch pen. DO NOT USE A PENCIL.

11. THE MAXIMUM MARKS FOR THIS EXAMINATION IS 100 AND THERE
WILL BE NO INTERVIEW.
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Part-A

e Find the correct answer and mark it on the OMR sheet. Each correct answer carries
1 (one) mark. Each wrong answer carries - 0.33 mark

1. If @, B and 7 are the roots of z3 + az? + bz + ¢ = 0 then the value of o + 2 + 7% is
[A] a®—2b. [B] % — 2c. [C] ¢+ 2a. [D] 5 + 2c.

2. Let f: R — Rand f(z) = |z — 1|+ [z — 2|. Let Sy = {z | f is continuous at z} and
Sy = {z | f is differentiable at z}. Then
A] 5 =R, S;=R. B] i =R, S;=R\{1,2}.
[C] S1=R\{1,2}, S:=R. D] S =R\ {1,2}, S:=R\{1,2}.
3. Consider the following statements
Sy: If f is Riemann integrable in [0, 1] then f? is Riemann integrable in [0, 1].
Sp: If f2 is Riemann integrable in [0, 1] then f is Riemann integrable in [0, 1].
Then
[A] S is true but S; is false. [B] S is false but S, is true.
[C] both S; and S, are false. [D} both S; and S, are true.

4. The function f(z) = sin(z) + cos(z) is
[A] increasing in [0,7/2].
[B] decreasing in [0, 7/2].
[C] increasing in [0, w/4] and decreasing in [7/4, 7/2].
[D] decreasing in [0, /4] and increasing in [r/4,7/2].

5. Let G, and G5 be two finite groups with |Gy| = 100 and |G| = 25. If f : G, — Gy
is a surjective group homomorphism, then

(Al |Ker(f)] =2. B] |Ker(f)] =4
C] |Ker(Hl=5. D] |Ker(f)] = 10.
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10.

11.

12.

Let {p,} be a strictly increasing sequence of prime numbers and let
1
z, = (—1)PH! (1 + —) then

n

" [A] ; limz, = -1/2. B] limz,=-1.
n—oo ~>00
C] limz, =1. [D]  lim z, does not exist.
n—o 00
Let V be a vector space of dimension n and {v;,vs, -+ ,v,} be a basis of V. Let

0 € Syand T : V — V be a linear transformation defined by T'(v;) = vy). Then

[A] T is nilpotent. [B] T is one-one but not onto.

J
[C] T is onto but not one-one. (D] T is an isomorphism.

Let G be a group and a € G be a unique element of order n where n > 1. Let Z (G)
denote the center of the group G. Then

[A] O(G)=n.  [B] 0(Z(G))>1. [C] Z(G)=G. D] G=5,

If the series z (sinz)” converges to the value (4 + 2v/3) for some value of z in

n=0

(0,7/2), then the value of z is

[A] 7/3. [B] w/4. [C] /5. [D] =/6.

If m and M are respectively the greatest lower bound and the least upper bound of

thesetS={2x+3, mZO} then
T+2

[A] me S, M¢S. B] m¢S, M¢Ss.

[C] m¢S, MeS. D] meS, MeS.
The value of lim (cos x)(l/ sin’z) i

[A] exp(-1). [B] exp(1). [C] exp(-1/2). [D] exp(1/2).
The graphs of the real valued functions f(z) = 2log(z) and g(x) = log(2z)

[A] do not intersect. [B] intersect at one point only.

[C] intersect at two points. [D] intersect at more than two points.
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13.

14.

15.

16.

17.

18.

The points of continuity of the function f : R — R defined by
lz2 — 1], if z is irrational ‘
flo) = { |

0, if x is rational
are
Al z=-1,z=0,z=1. Bl z=-1,z=1.
[C] z=-1,z=0. D] z=0,z=1.

The smallest positive integer n such that 5" — 1 is divisible by 36 is
[A] 2. [B] 3. [C] 5. - [D] 6.
Let f(z) = 2° + a1z + ay2® + a3z®. Suppose f(—1) > 0 and f(1) < 0 then

[A] f has at least 3 real roots. [B] f has at most 3 real roots.

[C] f has at most 1 real root. [D] all roots of f are real.

Let {u,v} be a linearly independent subset of a real vector space V. Then which of
the following is not a linearly independent set?

[A] {w,u—v}. [B] {u++v2v,u-— v}
[C] {v,2v—u/2}. [D] {2u+wv,—4u— 2v}.

Let V be a vector space of 2 x 2 real matrices. Let A = [ 1 21 } then the dimension
of the subspace spanned by {4, A%, A3, A%} is
[A] 2. [B] 3. O 4 [D] 5.

Let A € M3(Q). Consider the statements
P : Matrix A is nilpotent.
Q: A®=0.
Pick up true statements from the following.
[A] P=Q. Bl Q= Pand P# Q.
[C] P# Qand Q = P. [D] None of [A], [B], [C] is true.
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19. Consider the statements
S1:1-14+1-141—-1+4---=+1.

Sy 3 =1-2+22-2%4 ... Then
[A] S is true but S, is false. [B] S is false but S, is true.
[C] both S; and S, are true. [D] both S; and S, are false.

20. Let zop <23 <+ - <zpand y1,9s,...,¥yn € R. Then

[A] there exists a unique continuous function f such that F (x;) = y; for all 4.
[B] there exists a unique differentiable function f such that F (%;) = y; for all 4.

[C] there exists a unique n times differentiable function [ such that F(z;) = y;
for all 1.

[D] there exists a unique polynomial function f of degree n such that F(z;) = y;
for all 1.

21. Solution of the differential_ equation y” — z (3’ )2 = 0, subject to the boundary condi-
~tions y(0) =0, ¥/(0) = -1 is

/—2
[A] y=" - tan™ ( 7:) + b, where a and b are arbltrary constants
B] y=—v2tan™ (

[C] yz\/gtan 1(

[D] y:—\/—§-tan (\[ct)

22. Let V be the vector space of all continuous functions on R over the ﬁeld R. Let
S={lz|, |z - 1], ]z - 2[}.

+ b, where a and b are arbitrary constants.

)
/%)

[A] S is linearly independent and does not span V.
[B] S is linearly independent and spans V. |

[C] S is linearly dependent and does not span V.
[D] S is linearly dependent and spans V.



23. 10 red balls (all alike) and 10 blue balls (all alike) are to be arranged in a row. If
every arrangement is equally likely, then the probability that the balls at two ends
of the arrangement are of the same colour is

[A] equal to i [B] equal to % [C] less than %— [D] greater than %

24. 3 students are to be selected to form a committee from a class of 100 students. The
chances that the tallest student is one among them is

[A] less than 5%. B] 6 to 10%. IC] 15%. [D] 50%.

25. Let f be a smooth vector valued function of a real variable. Consider the two state-
ments
St : div curlfz 0.
S : grad div fz 0. Then
[A] both S; and S, are true. [B] both S; and S, are false.
[C] S is true but S, is false. [D] S is false but S, is true.

Part-B

o The following questions may have more than one correct answer.

e Find the correct answers and mark them on the OMR sheet. Correct answers
(marked in OMR sheet) to a question get 3 marks and zero otherwise.

e For the answer to be right all the correct options have to be marked on the
OMR sheet. No credit will be given for partially correct answers.

26. A sphere passing through the points (1,0,0), (0,1,0), (0,0,2) that has the least
radius is
[A] 18(z% + y? + 2%) — 16(z +y) — 352 = 2.
B] 9(z? + 9%+ 2%) —5(zx+y) — 162 = 4.
C] 9@+ ¥2+22) - T(z+y) — 1Tz = 2.
[D] None of the above. |
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27. Let f be a function from R — R. Consider the statement
P : There exists M in R such that |f(z)] < M for all z in R. Which of the following

statements are equivalent to P.

[A] The range of f is a bounded set of R
]

[B] |f| is a bounded function.
[C] f is taking all values between —M and M.
[D] |f] is taking all values between 0 and M /2.

28. Let {x,} be a sequence of positive real numbers. Then which of the following is false?

o0 o0
[A] If }:xn is convergent then Z v/ Zp is convergent.

n=1 n=1

oc oo
B] If an is convergent then Z:z:,f Is convergent.

n=1 n=1

o
[C] If Z 2 is convergent then lim z,, = 0.
n—oo

n=1

D] 1If Z VT, is convergent then lim z, = 0.

n=1

29. Given S; and S;, where

o
S1: A series Zan converges if for a given ¢ > 0 there exists N, € N such that
n=0
|ant1 — an| < € for all n > Nj.
o0
Sa: A series Z an, converges if |a,41 — a,| < o™ where « is a fixed real number in

n=0
(0,1),
which of the following statements are true?

[A] 8 is true but S, is false. [B] S is false but S, is true.
[C] Both S; and S, are true. [D] Both Sy and S, are false.



30.

31.

32.

33.

34.

35.

Let z,y € R. If |z + y| = [z] + |y| then

| (B] lzy| = zy.
D] lz+yl=z+y.

[A] |z ~yl=|z| - |y
[C] |2 +y| = |22 + Jyl.

i

Let f : R — R be a quadratic polynomial. Then which of the following is impossible?
[A]  f(z) < f(0), for all z € R.
[C] f(0) =0 and (1) = f(4).

If o, § and 7y are the roots of the polynomial z° + 22 + & + 1, then the value of
1 1 1 .

+ﬁ*’1+ 18

(Al 1/2.

[B] f'(z) > f(x), for all z > 0.
[D]  f'(0) =0 and f(z) + 0 for all z € R.

a—1 v-—1

[B] —1/2. [C] 3/2. [D] -3/2.

Let V be the vector space of polynomials of degree less than or equal to 2.
Let S={z®+z+1, 22+ 22+ 2, 2% + 3}. Then

[A] S is a linearly independent set.
[C] neither [A] nor [B] is false.

[B] S does not span V.
[D] None of [A], [B], [C] is false.

Let f : R — R be a function. Which of these four statements mean that f is a
constant function?

[A] Forall z,y € R, f(z) = f(y).
[B] There exists = € R such that for all YER, f(z) = f(y).
[C

] There exists z € R and there exists ¥ € R such that f(z) = f(y).
)

[D] For each z € R there exists y € R such that f(x) = f(y).

Let A = [ é 1 } be a 2 x 2 real matrix. Then

[A]
[B]

1 is the only eigenvalue of A.
A has two linearly independent eigenvectors.
[C] A satisfies a polynomial equation with real coefficients of degree 2.

J
[D]

A is not invertible under multiplication.
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36. Let M and N be two smooth functions from R? to R. The form (M dz + N dy) is
exact if and only if |

[A] there exists a smooth function f such that M dz + N dy =df.

OM ON
B] FrRirr for all  and y.

—

[C] Curl(Mi+ Nj) = 0.

[D] all the above statements are true.
37. The general solution of the differential equation (D>-D¥=0is

[A] (c1 — cox) exp(z) + (c5 — csx) exp(—z).

Bl (c1 + co) exp(iz) + (3 + c42) exp(—iz).

[C]
)

[D] eisinh(z) + cpzsinh(—z) + ¢; cosh(z) + c4z cosh(—x).

(c1 — coz) sin(x) + (cs — c4) cos(—z).

38. Let P be a polynomial of degree 5 having 5 distinct real roots. Then

[A] the roots of P and P’ occur alternately.
[B] the roots of P’ and P” occur alternately.
[C] all the roots of P, P', P" p" ,P"" are real.
[D] it is possible to have a repeated root for P”.
39. If each term of a 3 x 3 matrix A is constructed by selecting a number from the set
{-1,0,1} with the same probability 1/3, then
[A] the probability that the trace of A is greater than 0 is more than 1/3.
[B] the probability that A is a diagonal matrix is less than 1/81.

[C] the probability that 4 is a non-singular lower triangle matrix is more than
" 1/81.

[D] the probability that A is symmetric is less than 1 /81.
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40.

41.

42.

43.

44.

10

By revolving the curve y = sin(x) about the z-axis in the interval [0, 7], the surface
area of the surface generated is

[A] 67+ 2rlog(1+ v2). Bl 2v2r + 27log(1 + v/2).
[C] 2mlog(1+ v2). D] 27(1 +log(1 + v/2)).
29. . sin 0:
Let A; = { CO:‘:SQH C"Zigr;f;ne‘ } i=1,2. Then A; A, = 0 if
; sin 0; i ]
Al 6 =6+ (2k+1)1/2, k=0,1,2,--..
[B] Oy =6y +kn, k=0,1,2,---.

[C] 61 =6, +2km, k=0,1,2,-- -
D] 6 =0, +kn/2, k=0,1,2,---.

Let f: X - Y and let A and B be subsets of X. Then
Al f(AUB) < AU SIB] B) fA)USIBI < F(AUB).
(€] F(ANB) € fl4IN71B] D} fIAINFIB € f(AN B).
The value of the integral /0 ® o - e is
A] 2. B] 3. i 4 D] 5.
Let f,9: (0,1) > R. Let f(z) = zsin(1/2?) and g(z) = 22. Then

[A] both f and g are uniformly continuous.
-[B] £ is uniformly continuous but g is not uniformly continuous.
[C] f is not uniformly continuous but g is uniformly continuous.

[D] both f and g are not uniformly continuous.



45.

46.

47.

48.

12 0 0
Consider a linear transformation from R* to R* given by a matrix A = g (2) g (1)
00 -1 0

Then the number of linearly independent vectors whose direction is invariant under
this transformation is '

[A] 0. B] 1. [ 2. D] 4.

Let V be the vector space of polynomials of degree less than or equal to 2. Let
D:V — V be defined as Df = f'. If By = {1,x,2%}, B = {1,1+ 22,1 + z + 2%}
be two ordered bases, then the matrix of linear transformation [D]g, g, is

10 O 01 O 01 0 0 10
Alloo —2|. B |oo 2 ) {oo -2|. D|-200
0 0 2 0 0 -2 00 2 2 00

If  and 3 are fhe roots of (7 +4v/3)z* + (2 + V3)z — 2 = 0 then the value of |a— f|
is

(A] 2-+/3. [B] 2+ 3. [C] 6+3v3. D] 6—3v3.
Consider the following system of linear equations

a1 T + 12T + -+ + 41575 = by,

Qo1 T1 + GoaTg + -+ + AosTs =  bo,

ag1x1 + gLy + -+ 4+ AgsTs = bg.

A vector (A, Ag,...,As) € R® is said to be a solution of the system if z; = A;,
i=1,2...,5 satisfies all the equations. Then '

[A] If the systefn of equations has only finitely many solutions then it has exactly
one solution. /

[B] If all the b;’s are zero then the set of solutions of the system is a subspace of
RS.

[C] A system of 8 equations in 5 unknowns is always consistent.

[D] If the system of equations has a unique solution then the rank of the matrix
[ai;] must be 5.

Y-6



12

49. What is the negation of the statement ‘There is a town in which all horses are
white”

In every town some horse is non-white.

A

,___,
—_—

gakx

There is a town in which no horse is white.
There is a town in which some horse is non-white.

D] There is no town without a non-white horse.

———

50. Let .S be the surface of the cylinder z* + y? = 4 bounded by the planes z = 0 and
z = 1. Then the surface integral [ f((2? — 2)i — 2zy] + 2k) - A dS

[A] -1 (B] 0. C] 1. [D] None of [A], [B] [C].



