Entrance Examination — 2016 : M.Se. Mathematics
Hall Ticket Number

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

. Write your . .« Hall Ticket Number on the OMR Answer

Sheet given to you. Also write the Hall Ticket Number in the space
provided above.

. Answers are to be marked on the OMR sheet.

. Please read the instructions carefully before marking your answers on

the OMR, answer sheet,.

. Hand over the OMR answer sheet at the end of the examination.

. The question paper can be taken by the candidate at the end of the

exaninagon.

. No additional sheets will be provided. Rough work can be done in the

question paper itself/space provided at the end of the booklet.

Calculators are not allowed.

. There are a total of 50 questions in PART A and PART B together.

. 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.

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 otherwise zero marks will be credited.

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.

R denotes the set of real numbers, C the set of complex numbers, Z
the set of integers, Q the set of rational numbers and N the set of all
natural numbers.

This book contains 10 pages including this page and excluding pages
for the rough work. Please check that your paper has all the pages.



PART-A

. Which of the following is an uncountable subset of R2?

(a) {(z.y) eR*:z€Qorz+yeqQ}
(b) {(x,y) e R?:z € Q and y € Q}.
(©) {(51) Rz € Qory € Q).
(d) {(z,y) eR*:z€Qory? € Q}.

. Which of the following is an unbounded subset of R2?

(a) {(z,y) eR*: 2?2 + 42 < 1}.
(b) {(z,y) eR®:z+y <1}

(c) {(z,y) eR?:jz| +|y] < 1}.
(d) {(z,y) eR?: Jz| +¢* < 1}.
. Let f: R — R be a twice differentiable function. Then which of the
following is true?

(a) If f(0) =0= f"(0) then f(0) =0.

(b) f is a polynomial.

(c) f'is continuous.

(d) If f"(x) > 0 for all z in R then f(z) > 0 for all z in R.
. The non-zero values for zy and z; such that the sequence defined by
the recurrence relation z,.9 = 2z, is convergent are

(a) zo =1 and 2y = 1.

(b) o =1/2 and z; = 1/4.

(c) o =1/10 and z; = 1/20.

)

(d) none of the above.

X n
. The set of all values of a for which the series Z %—' converges is

n=1
(a) (0,00). (b) (—o0,0].
(¢) (—o0,00). (d) (-1,1).

. Consider f(r) = { ';21’ if o_thler%vize.s L Then

(a) f is not continuous at 0.

(c

(d) f is continuous at all points.

)

(b) f is not continuous at 1.
) f is not continuous at —1.
)



10.

11.

12.

. Consider the statement S : ”Not all students in this class are tall”. The

statement S means

(a) All students in this class are short.

(b) All short students are in this class.

(c) At least one student in this class is not tall .
(d) No short student is in this class.

A subset S of N is infinite if and only if

(a) S is not bounded below.

(b) S is not bounded above.

(¢) 3Ing € N such that Vn > ng, n € S.
(d) Va € S, 3z € N such that z < a.

- In a cyclic group of order 35, the number of elements of order 35 is

(a) 1. (b) 4. (c) 6. (d) 24.
Let A be an n x 7 matrix. Consider the following statements.

51 ¢ If the rank of A is equal to n then the rank of the adjoint matrix
of A is also equal to n.

Sy : If the rank of A is equal to n — 2 then the rank of the adjoint
matrix of A is also equal to n — 2.

Pick up a true statement from the following.

(a) S; and S, are true. (b.) S; is true but not S,.
(c) S, is true but not 5. (d.) Neither S; nor S, is true.

The locus of a point P which is at the same distance from two planes
r+y+z=1,2=0is

(a) an unbounded set.
(b) a sphere.
(c) a pair of parallel planes.

(d) a pair of intersecting planes.

The value of the integral jg (z* + z)dz + (1 + 4 + 3°)dy, where
c
C = {(z(t),y(t)) / 2(t) = 2+ 3cost, y(t) = 5+ 4sint, 0 < t < 2r}, is

(a) 0. ®) 7. () 1om @ 1
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13. Let V be the region which is common to the solid sphere z2+y2+22 < 1
and the solid cylinder #? + y?> < 0.5. Let 8V be the boundary of
V and 7 be the unit outward normal drawn at the boundary. Let

= (y? + 2%)i + (22 - 22)7 + (22 + 2y?)k. Then the value of

/ / F - 72dS is equal to
av

(a) 0. (b) - 1. (c) —-1. (d) =.

14. Let R([a,b]) be the set of all Riemann integrable functions on [a, b].
Consider the following statements.

S1: f € R([a,b]) whenever there exist g,h € R(|a,b]) such that
g<f<h

Sy ¢ f € R([a,b]) whenever there exist two continuous functions
g,h on [a,b] such that g < f < h.

Which of the following statements is true?

(a) S; and S, are true. (b) S; is true but not Ss.
(c) Ss is true but not Sj. (d) Neither S; nor S is true.

15. The shortest distance from the sphere 2% +y?+22 -2z —4y—62+11 =0
to the plane ¢ + y + 2z = 3 is equal to

(a) V3. (b) 2v/3. (c) 3v3. (d) 4v3.
16. A solution of (z?y* + y* + 2z)dz + 2y(2® + 232 + 1)dy = 0 is

(a) z% + log|x? — 42| = constant.

(b) 2y + log |z? — 42| = constant.

(c) x*y + log(z? + y?) = constant.

(d) zy® + log(z? + y?) = constant.

17. Let f,g : R = R, f(z) = 22, g(z) = sinz. Which of the following
statements is true?

(a) f and g are uniformly continuous.
(b) f and g are not uniformly continuous.
(c) f is uniformly continuous but g is not.

(d) f is not uniformly continuous but g is uniformly continuous.

18. If A and B are square matrices satisfying AB = BA, det(A) = 1 and
det(B) = 0 then det(A3B? + A2B®) is equal to

(a) 1. (b) 0. () 1. @ 2
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Which of the following subsets are subspaces of R3?
(@) {(z,y,2) eR®/ bz —y + 2 =0}

() {(z,y,2) eR®/ b5z —y+ 2 = -1}

(¢) {(z,y,2) € R®/ z,y, z are rationals}

(d) {(z,y,2) eR¥/ 22+ 2+ 22 =1}

A palindrome is a word which reads the same backward or forward (eg.
MADAM, ANNA). The number of palindromes of length 11 (eleven)
can be formed from an alphabet of K letters is equal to

() KS.  (b) K°. @)(g). (d) (f)

The center of the ring of 2 x 2 matrices over R is

o {(38)msel w (3 2)smen)
(c) {(2 8)/a,beR}. (d) {(2 g)/aeR}.

The set of units of the Gaussian ring {a +ib/ a,b € Z} is

(a) {£1,4d}. (b) ZU1Z.
(c) {a+1ib/a,be {£1,0}}. (d) Z.
Group of automorphisms of (Z / 10Z, +) is isomorphic to

(a) (Z]2Z) x (Z ] 2Z). (b) Z/27Z.
(c) Z/ AZ. (d) Z/10Z.

The system of equations 6x; — 229 + 2cez3 = 1 and 32y — 29 + 23 =5
has no solution if « is equal to :

(a) —5. (b) —1. (c) 1. (d) 5.

Suppose every collection of three distinct numbers from 1, 2, ....9 is
equally likely to be selected, then

(a) the probability that the sum of the selected numbers is even is
more than the probability that the sum of the selected numbers

is odd.

(b) the probability that the sum of the selected numbers is even is
equal to the probability that the sum of the selected numbers is
odd.

(c) the probability that the product of the selected numbers is even
is less than 1/2. .

(d) the probability that the product of the selected numbers is odd is
equal to 2/3.
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PART-B

Which of the following are true?

(a) There is a surjective function f: N —- N x N,

(b) There is an injective function f: Nx Nx N — N.
(c) There is a bijective function f : Nx N - N x N x N.
(d) There is a bijective function f: {0,1} x N - N x N,

Let f : R — R be a differentiable function such that f(1) = f(0) + 1.
Then which of the following are true?

(a) f’ is constant.

(b) F2)=f(1)+1.

(¢) f'(z) =1 for some z in (0, 1).

(d) |f'(=)| < 1forall zin (0,1).
Let P(N) = {All subsets of N}. Then which of the following are equiv-
alence relations on P(N)?

(a) A~ B if and only if |A| = |B|.
(b) A~ B if and only if AUB = B.

(c) A~ Bifand only if AUB =N.

(d) A~ B if and only if AN B # 6.
Let f(z) = 23 + az? + bx + ¢ where a, b, ¢ are real numbers. Suppose

c<0,a+b+c>—-1anda—b+c>1 Then which of the following
are true?

(a) All roots of f(x) are real.

(¢) f(z) has two roots in (—1,1).

)
(b) f(z) has one real root and two complex roots.
)
(d) f(z) has at least one negative root.

Suppose T : R® — R? is the map T((z1, 2, T3)) = (221, T2, 22;). Then
which of the following is true?

(a) T has only two distinct eigenvalues.

(b) ker(T) # {(0,0,0)}.
(c) T has three distinct eigenvalues.

(d) Range of T is isomorphic to R2.
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35.

Consider the following statements.

od 1

Sl : Z logn

——————— is a convergent series.
23 (loglogn)

oo
Z 1 .
Sz : Toelonloan 18 @ convergent series.
nlogloglogn

n=3

Which of the following statements are true?

(a) S; and S, are true. (b) S is true but not S.
(c) Sz is true but not S;. (d) Neither S nor S; is true.

The functions f(z) and g(z) are such that the function
F= (2z+yf(2))i+ (2y + zf(2))7 + zyg(2)k
can be written as a gradient of some scalar function.
Pick up the possible choices for f and g from the following.
(a) f(z) =2® and g(2) = 322
(b) f(2) =0and g(z) = 0.
(c) f(2) =1and g(z) = 0.
(d) f=1land g = 2.
If B is the radius of the circle of intersection of the sphere
2? +y? + 22 — 2z — 4y — 62+ a = 0 and the plane z +y + z = 1, then
a relation between o and 3 is
(a) 3a+38% =17. (b) 3a*—-38%=1T.
(c) 302 —3B% = 67. (d) 3a+3p% = 67.

Which of the following sequences converge to e?
1\" 1 1 1
— | . b) [24=+—=+-+—=].
(&) <1+2n> (b) <+2!+3!+ +n!)

@ (1+3): o (35)"

For every pair of continuous functions f,g : R — R, which of the
following statements are “always” true?

(a) If f(z) = g(z), Yz € Q, then f(z) = g(x), Vz € R.
(b) {z € R/ f(z) = g(z)} is an open subset of R.

(c) The product of f and g is continuous.

&U—), for g(z) # 0,
(d) If h(z) =< 9(z) then A is continuous.
0, otherwise,
7



36. Let A and B be two n x n matrices such that rank(A) = n,
rank(B) = n — 1. Then which of the following are true?

(a) det(43) =0. (b) det(B) =0
(c) rank(AB) =n — L. (d) rank(BA) =n—1.

37. Which of the following statements are true?

(a) Every finite group of even order contains at least one element of

order 2.

(b) If every subgroup of a group is normal then the group is abelian.

(c) If G is an abelian group of odd order, then z — 22 is an automor-
phism of G.

(d) If the elements a,b in a group have finite order then the element
ab is also of finite order.

38. For A C R, define ya(z) = { é izi z ; j’ Then x4 is Riemann

integrable over [—1,1] if

(a) A=QnJ[-1,1]. (b) A=[-1,1]\Q.
(c) A= {1,;,;, } (d) A:{:{:IO'"/nEN}.
39. A solution of (D* ) =sinz is

3 .
a ez tsing + d,z" ' cosz) for some Cnydn ER, 1 <n < 3.
. ?
n=1
3

(b) Z (cpsin™ z + d,, cos™ x) for some ¢,,d, € R, 1 <n < 3.
n=1
3 .
(c) Z (¢, sinnz + d,, cosnz) for some ¢,,d, €R,1<n < 3.

n=1

(d) none of the above.

oo
40. Let Z a, be a divergent series of positive terms. Then it follows that

n=0

9]
a) Z a? is also divergent.
n=0

(b) the sequence (a,) does not converge to 0.

(c) the sequence (a,) is not bournded.

(d) Z vayr, is also divergent.

n=0
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41. Let (a,) be a sequence where all rational numbers are terms (and all

42.

43.

44.

45.

46.

terms are rational). Then

(a) no subsequence of (a,) converges.
(b) there are uncountably many convergent subsequences of (a,).
(c) every limit point of (ay) is a rational number.
(d) no limit point of (an) is a rational number.
3

Let y1(z) = chgén(cc and yy(z) = Zdnz/)n(x) be complementary

n=1
solutions to P(D)y = 0 and Q(D)y = 0 respectively; where
P(D)y = (D*+aD*+a,D+a3)y and Q(D)y = (D3+by D2 +by D+bg)y.
Then the general solution of P(D)Q(D)y = 0 is equal to

3 3 3
y Cnd’n + dn¢n ' (b) Y= (Z cn¢n) (Z dnqr/)n) .
n= n=1 n=1

[

)y = (ca? + dnt?). (d) None of these.

3
n=1
The number of elements in S5 whose order is 2 is

(a) 10. (b) 12. (c) 25. (d) 40.

Consider the following statements

S1: There is no polynomial P(x) with integer coefficients such that
P(5) =5and P(9) =7.

S2: If @ and B are two odd integers then a2 + §2 is not a perfect
square.

Which of the following statements are true?

(a) S; and S, are true. (b) S is true but not S,.
(c) Sy is true but not S. (d) Neither S; nor S, is true.

Let A be an n X n matrix. If A™ = 0 for some integer m then which of
the following statements are true?

(a) If A is nilpotent then det(I + A) = 1.

(b) If A is nilpotent then A™ =

(c) If every eigenvalue of A is 0, then A is nilpotent.
(d) If A is nilpotent then every eigenvalue of A is 0.

The number of automorphisms of Z[+/2] is
(a) 1. (b) 2. (c) 4. (d) infinity.

K-6



47.

48,

49.

50.

The kernel of a ring homomorphism from R[X] to C defined by
F(X) - f(34+2i) is

(a) (X2 —6X +13). (b) (X2+6X +5).
(c) R[X]. | (d) {0}.
Pick up prime elements of the ring of Gaussian integers
G = {z +1iy/ =,y € L} from the following

(a) 2. (b) 3. (¢) 7. (d) 13.

A subset S of N is said to be thick if among any 2016 consecutive
positive integers, at least one should belong to S. Which of these
subsets are thick?
(a) The set of the geometric progression {2,22,2%,---}.
(b) The set of the arithmetic progression {1000, 2000, 3000, - - - }.

(c) {n € N/n > 2016}

(d) The set of all composite numbers.
Three students are selected at random from a class of 10 students
among which 4 students know C programming of whom 2 students
are experts. If every such selection is equally likely, then the probabil-
ity of selecting three students such that at least two of them know C
programming with at least one out of the two selected being an expert
in C programming is

(a) less than 1/4.

(b) greater than 1/4 but less than 1/2.

¢) greater than 1/2 but less than 3/4.

)

(
(d) greater than 3/4. .

10



