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ENTRANCE EXAMINATIONS-2021
M.Sc. Mathematics/Applied Mathematics
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‘ Hall Ticket Number ‘ ‘ ‘ ’ ‘ E I ‘ ‘ ‘ f

Instructions

(1) Write vour Hall Ticket Number on the OMR Answer sheet given to you. Also write
the Hall Ticket Number in the space provided above.

{2) Answers 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 the OMR Answer Sheet at the end of the examination to the Invigilator.

(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 total of 50 questions in PART A and PART B together.

(8) There is a negative marking in PART A. Bach correct answer carries 1 mark and
each wrong answer carries -0.33 mark. FEach question in PART A has only one
correct option.

(9) There is no negative marking in PART B. Each correct answer carries 3 marks.
Questions in PART B can have more than one correct option. If a question in this
part has more than one correct option, then all the correct options have to be marked
in OMR sheet to get 3 marks, otherwise zero marks will be credited for thal question.

(10) The appropriate answer(s) should be coloured with either a blue or black ball point

pen or a sketch pen. DO NOT USE A PENCIL.

(11) This booklet contains 13 pages including this page and excluding pages for the rough

work. Please check that your paper has all the pages.

h

{12) The question paper can be taken away by the candidate at the end of the examination,

y
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Fd;
3} Notations: R denotes the set of real numnbers, C the set of complex numbers, @
the set of rational numbers, Z the set of infegers, N the set of natural numbers, and
¢ the empty set. For a set A, A° denotes its complement. For a ring R and a positive

integer n, M, (R) denotes the set of all n x n matrices with entries from R.



Part-A

(1) Suppose A is a nonzero 2 x 2 real matrix such that det( + A) =1+det{A), where I

(2)

(3)

(4)

(5)

is the 2 x 2 identity matrix. Then which of the following statements is always true? -
(—1) The matrix A is singular

(B) A2=A

(C) A =11is an eigenvalue of 4

(D) If X is an eigenvalue of A, then —) is also an eigenvalue of A

Let A and B be 4 x 4 real matrices and C = A + AB. If C is non-singular, then
which of the following statements is always true?

(A) The trace of B is nonzero
(B) The trace of A is nonzero
(C) The matrix A is non-singular
(D) The malrix B is non-singular

Together with (1,1,0) and (2,2, 2), which of the following vector will form a basis of
R3?

(4) (3,3,3)
(B) (0,0,3)
(©) (-1,—-1,0)
(D) (1,2,0)

[
(@]
[o%]

C.t.’.‘l

R

The area of {(x,y) € R®: |z| + |y| < 2} is
(4) 4

(B) 8

(C) 12

(D) 16

Let S denote the set of all limit points of thé nonempty set § C R. Which of the
following slatements is true?

(A If S is counta.blx infinite then so is S’

)

(B) If S’ is countably infinite then SN .S = ¢

(C) If S is countably infinite then S’ is a finite set
)

(D

here exists a countably infinite set S such that §' is uncountable
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(6) Let f,g: [0,1] — R be continuous. Define u,v : [0,1] = R by u(z) = max{f(z}, g(z)},

=~
—

——
oo
S

(9)

_J@)  fE } -~
T+ /(@) coshig(e)) |

(4) both u and v are continuous

v(z) = min {

(B) both u and v are discontinuous
(C') w is continuous and v is discontinuous
(D) w is discontinuous and v is continuous

Let o € R be an upper bound of a nonempty subset A of B. Consider the following
statements:

51 : The number o is the suprimum of A if 5 cannot be an upper bound of A for any
8 < a.

53 : The number o is the suprimum of A if there exists € > 0 such that a — ¢ cannot
be an upper bound of A.

Then

{A) S; is true and S, is false

(B) 5, is false and S, is true

(C') both S; and Sy are true

(D) both S; and Sy are false

Let (a,) be a sequence in K. Then which of the [ollowing statements is true?
(A) If (as) is a monotonic sequence in (0, 1), then (a,) — a, for some a € (0,1)

(B) If (a,,) is a Cauchy sequence and |ag, — i <
a € (0,1)

% Vn € N, then (a,) — a, for some

(C) If (an) is a Cauchy sequence and |a, — %| < 1,V prime number p, then, (a,) — a,
for some ¢ € (0,1)

(D) If (@) is a Cauchy sequence then it is monotonic

Let f:(~1,1) = R be a non-constant continuous function. Consider the following
statemeoents.
- - o Flel
Sy ¢ If f is differentiable at z = 0, then 1111% L2 exists.
z—0
Sy ¢ If lim £
T

.~ exists, then f is differentiable at z = 0, and the limit is equal to f*(0).
Then

A) S is true and S, is false

(4

(B) S is false and S5 is true
(C) both S; and S5 are true
(

D) both Sy and S5 are false



(10) The ordinary differential equation representing the two parametric family of curves

(11)

(12)

(13)

(14)

y = £y/ox + 5, where a, § are the parameters, is
(A4) yy" +y' =0

(B)yy" ~ () =0

(C) v+ )P =0

(D) ’yy” g (_yr}z =0

E) J’f 8 N ;l.

It = —N{z,y)}, for some k # 1, then which of the following functions is
= /

alwgi):s ar (ijri.egrating factor of M(x,y)dz + N(z,y)dy = 0
(A u=ua

(B) u=-

(C) u=ak

(D) p=a7"

Any solution of 2?y” + 32y’ ~ 10y =0, z > 1 is

{A) bounded

(B) has finite number of zeros

{C) monotonic

(D) always a constant function

Ifa,b: R® — R? are differentiable, then div.[ axb) =

A) d.curl(b) — b.eurl(@)

(C) a.curl(b) + b.curl(a)
(D) curl(@).curl{b)

The equation of the plane parallel to 4z + 2y + 7z + 25 = 0 and passing through the
point (—1,—2,7) is

[t

(A) do+ 2y + Tz +4 =

(B) 4z 4+ 2y + 72 — 41

It

0
(Cydax+2y—Tz+57=0

(D) 4z —2y+72—-49=0

2 -6



(15) Which of the following series converges?

e | cosn| + [ sinn)
(@) g
7e=(} o

B (-5)

n=>U

o
7l

€y =
i
n=0

(D) i & (1 o+ l) -

logn n
=0 =

(16) The number of ways of arranging m boys and n girls, where m > n, around a circular
table such that no two girls are next to each other is

(m —1)Im!

n

(m — n)!
(B) ml{n - 1)!
(C) {m = 1)l{n —1)!
(n —1)tm!
(m—mn)!

(D)

\ i o : r—1 y+1 =z+1
(17) The equation of the straight line perpendicular to both s B AL and

i et 1 3 -4 4
g + o —; , and passing through (1.2,3) is
3 -1 i
Ayt U8z
' 4 G 3
- P | m o
Pzl oy=2 =3
T8 19 1
r—1 y-=2
C) —F—=7° 2=8
&) 3 9
=1 y—2 23
D ===
() 8 9 3

(18) If (2,5,6) and {4,1,2) arc the end points of a diameter of a sphere, then the equation
of the sphere is

(A) 2 +92 + 22 -6z — 6y —8z2+25=0
(B a? +y? + 22 =32 -3y —4:+29=0
(C)a®+y? + 22— 6z -6y —8z4+20=10

(D)2 +y*+22-32-3y~42+25=0



(19) If S denotes the sphere 22 + y? + 22 = 3. then / (22° + 3y — 422)dS =

Js

(A) 67

(B) 127

(C) b4

(D) 108w
(20) Which of the following statements is true?

(A) Every infinite cyclic group is isomorphic to Z

(B) An infinite cyclic group may not have a non-trivial subgroup

(C) If p is a prime number, then any group of order p? is cvelic

(D) Every group of order 6 is isomorphic to Z/6Z
(21) Let G be a group of order 8. Then which of the following statements ig true?

(A} G is necessarily abelian

(B) G is necessarily nonabelian

(C) There exists a nonabelian group of order &

(D) There are exactly two nonisomorphic abelian groups of order 8
(22) Which of the following is a Geld?

(4) QIXJ/(X — 1)(x - 2)

“(B)ZIX)/(X2+1)
(©) RIX)/(X?)
(D) QIX]/(X - 100)

(23) Let p is an odd prime number. The remainder of the number 17 4- 27 + -+ + pP after
division with p is

(4) 0
(B) 1
& =i

p—1
(D) —r



(24) Let R be a ring with unity 1. Then the characteristic of R

(25)

(26)

(27)

(28)

(A) is always 0

(B) is always a prime number

(C) 1s always a composite number

{D) can be any non-negative integer

Which of the following rings does not have a nonzero zero-divisor?
(A) 2 x 2 matrices over R

{B) 2 x 2 matrices over Z/2Z

(C) polynomial ring Z[.X]

(D) Z x Z

Part-B

The distance of the point (1,2,5) from the plane through (1, —1,—1), having the
ol T a2
B T 3

. § _ %
normal perpendicular to both the lines and
r—2 y—1 247 .

_ - is
2 ~1 1

A sphere has v +y+2z—9=0and z+y- z— 15 = 0 as tangent planes. If the center

of the sphere lies on the line y = 22, 2 = 3, then the equation of the sphere is

(A} $2+y2 —i--32—2$’—4y—6,‘;+11:{}

(BY a® + 92 + 2> — 20 —4y—62+5=0
(C) a® +y? + 2% —da — 8y — 122 + 53 = ()
(D) a? +y>+ 22 —do -8y — 122 +47=0 -
The last two digits of 3*" are

(4) 27

(B) 81

(C) 43

(D) 61



(29) Let V and W be two vector spaces. Let T : V. — W be a linear transformation

(30)

which is one-one, and S : V — W be an onto linear transformation. Assume that
A # ¢, B # ¢ are subsets of V' such that A is linearly dependent and B is linearly
independent. Then which of the following statemeuts are always true? .

(A) Both T'(B) and S{B) are lincarly independent

(B) Both T(A) and S{A) are lincarly dependent

(C) Both S(A) and S(B) are linearly dependent

(D} T(A) is linearly dependent and T(B) is linearly independent

Let A be a 3 x 3 nonzero complex matrix. Let ¢(A) denote the set of eigenvalues of
A. Then which of the following statements is true?

(A) If A is nilpotent, then o(A) = {0, 1}
(B} If A is idempotent, then o(A4) = {0,1}
(C) If o(A) = {0}, then A is nilpotent

(D) If o{A) = {0}, then A is idempotent

Let V' be a vector space. Suppose {uy, Uz, ..., Uy} and {wy, wa, ..., wy,} are linearly
independent and linearly dependent subscts of V' respectively. Then there exists a
linear transformation T': V' — V" such that

(A) T'(u;) = wy ”

(B) T(w;) = u;

(C) Ker(T) =span({uy, us, ..., un})

(D) Range of (T') =span({u1,us,...,Un})

Let f:[0,1] — R be a function. Consider the following statements:

Syt If f is differentiable in (0, 1), continuous on [0, 1], then f” is bounded in (0,1).
Syt It f' exists and is bounded in (0,1), then f is uniformly continuous.

Then :

(4) both Sy and S, are true
(B) both §; and S; are false
(C) Sy is true and S, is false

(D) S, is false and S is true

26
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(33) Let Rla,b] = {f : [a,b] = R/f is Riemann integrable}. Then which of the following

(34)

(35)

statements is/are true?

(A)If f:[0,1] = R is such that f _€Rla.1], Ya e (0,1), then f € R[0, 1]

‘a,l]
(B) If f:[0,1] = R is continuous, then f € R0, 1]
(C) It f € R[0, 1], then there exists a finite set S such that f is continuous on [0, 1]\S

(D) If f:[0,1] — R is monotone, then sin(f) € R[0, 1]

rzn, if nis even,

rald

Let (xn), (yn) be two sequences in R. Define z, =
Yug, if n is odd.

Then which of the following statements are true?

(A) If (xn) and (y,) are bounded, then (z,) has a convergent subsequence
(B) If (@) and (y,) are Cauchy sequences, then so is (2,)

(C) If (z,) is a Cauchy sequence, then so is (z,,)

(D). If (2) has a convergent subsequence, then at least one of () or (3,) has a
convergent subsequence

Consider the following statements:

St If f:Q — R is continuous, then there exists a continuous function F: R = R
such that Fi(r) = f(r), Vr € Q.

Sp 1 If F: R — R is continuous and f : Q — R is defined by F(r) = f(r), Vr € Q,
then f is continuous.

Then

(A) both Sy and S5 are true

(B) hoth S; and S5 are false

(C) S; is true and S, is false

(D) Sy is false and Sy is true
] 1

YT 1
]dx—i—(cuj
Y

the corresponding exact equation are

The valuc of & such that ( )dy = 0 is exact, and the solution to

2

e

(A) a =2, 2(2® — y?) — z = czy?, where ¢ € R is an arbitrary constant
(B) @ = =2, 2(2* — y*) — v = cay?, where ¢ € R is an arbitrary constant
(C) @ =2, 22%y* — z = czy?, where ¢ € R is an arbitrary constant

(D) a = =2, 22*y? — z = czy?, where ¢ € R is an arbitrary constant
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(37) I o = & % cos(rsinf), y = " sin(rsin ), then

Oz dy Oy  dz
(A) ‘5@ rg.r : % = ra-'_r‘
(B) 8_& @ 9y _ c")'uz,
39 O’? Er ar
dy Oy oz
“s Sl gl i R
(©) d@ "orm 96~ or
(D Ox dt,r Oy Ou

@ Or o8 rr?};

o) >8] '
(38) Let an, b > 0, @ +b, #1, VR €N, E ty, and E b, be convergent series. Cousider

n=1 =1
the statements:
S; @ The series E an(l — by)" converges.
n- l
bn(j. . n}-lrr
S5 : The series E : — converges.
(1 — (an + ba))"

=k

Then

(A) both S) and S are true
(B) both S; and S; are false
(C) 5 is true and S5 is false

(D) Sy is false and S, is true

(39) The solution of 0 + — 42 mn(—) sub ect to y(1) = 27 is
.F

de = vy
: f
(A) ysin( r’; @ (,031 Yy =~

LY ; ,
(B) ysm(%) +x cos{%} = g
' @ T

1

(C)y Sin(%) — Fm(a—’;) = g

(D) 1 JSlIl(:E—) + 22 cos(%) = 2°

1
z? .
(40) We denote by ~ an isomorphism of groups. Which of the following is frue?
(4) @ +) ~ @+
(B) (R, +) = (R>Y,-), where R>? is the set of all nonzero positive reals

(C) Z/37 x Z]27 ~ S3, wherc Sy is a permuation group on three letters

(D) (@, +) =~ (@7, ), where Q" is the set of all positive rationals



(41) The cquation of the line that intersccts the lines r +y + z

1, 28 =y—z2= 2

T —1 i + 2
: — = il — = and passes through the point (1.1.1) is
5 -
z—1 y-=1 z=1
A =
&) 0 1 3
=1 y—1 z-1
(B) = 0 3
=1 y—1 z-—1
lrC“ o ‘—-——-— et e g
e 0 1
v 3=1 w=1 z-—1
o B2 =L #
S 3 0
(42) Match the following vector spaces over R given in List-I with their dimensions given
in List-11
List-I | List-11
(1} The space of 4 x 4 real skew symmetric matrices ‘ (a)
' (7t) The space of 3 x 3 Hermitian matrices . {b‘a 6
(z4i) The space of all continuous functions f: R =R || (¢) 9
such that f(n) =0, ¥n € {1,2,3,4,5,6} {ﬂ 00

(A) (1) = (b), (i1) — {a), (i27) — (d)

(B) (i) = (8), (i) - (¢), (iid) - ()
(©) (i) - (), (i) = (¢), (idd) — (d)
(D) (i) —(a), (i) —(b), (i) — (¢)

(43) Match the following:

List-1

List-11

(i) lim

i do s BY

(25 - 1)”

(a}) does not exist in R

| (@) lim 3 {‘1 +)i:2

o b
(c‘l -+ i) (¢
a T

(b) is equal to 1

(i4) lim ) is equal to 4

x—}

() () = (b), (@) — (@), (i80) — (c)
(B) (i) - (¢), (i)  (a), (i) — (b)
(C) (&) — (@), () — (B), (itd) — (o)
(D) (i) = (o), (i) - (b), (itd) - (a)
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(44) Lel aj,a; € R. Match the properties of the roots of the quadratic equation
X? 4+ 0, X 4+ a; = 0 and that of the nonzero solutions of the differential equation
Y+ ay +ay = 0.

1 " ¥
Roots Nonzero solution

(1) Real, distinct, positive | (@) unbounded and monotonic
in [M, oc] for some M > 0
(i) Complex numbers with | (b) bounded and periodic
a positive real part

(177) purely linaginary (¢) unbounded and vanishes

‘ { infinitely many times in R

(4) (i) = (@), (1) = (), (itd) - (¢)
(B) () = (), (1) — (). (ii) = (a)
(C) (i) ~ (a), (&) = (), (iEd) - (0)
(D) (i) = (¢), (ii) — (), (i#) — (b)

(45) We say that in a ring R with unity an element a € R is a sum of squares in R if

a=12+15+ -+ for suome 7;’s in R and for some natural mumber n. Then which

of the following statements are true?

(A) —1 is a sum of squarcs in R

(B) —1is a sum of squares in C

(C) =1 is a sum of squares in Z/17Z

(D) —1 is a sum of squares in Q[X]/(X - 1)

(46) Let R be a riug with unity L. A nonzero element e € R is said to be an idempotent
if e # 1 (and e # 0) and e = ¢. Consider the following statements:
St The ring of matrices M;(R) has an idempotent, _
Sy« The ring Z/pqZ (where p. g are distinet primes numbers) has an idempotent.
Sy : The ring Z[X]/(X? + 1) has an idempoterit.
Then

(A) only §; and S; are true
(B) only S and S; are true
(C) only S, and Sy are true

(D) only 5] is true

20
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(47) Consider the following statements:

S : Every subgroup of an abelian group is normal.

S, ¢ 1f every subgroup of a group is normal, then the group is abelian.
Then

(A) both Sy and 5, are true
(B) both S and 95 are false
(C) §; is true and S is falsc
(D) S, is false aud S5 is true

(48) If 2 +y + az = 3 is a tangent plane to 2 + y? + 22 =4, then o =

(4) I%
3

(B) 5

. 2

(C) i;/T_?;

(49) Which of the following statements are true?
(A) Q is an ideal of R
(B) A non-empty intersection of ideals in a ring is an ideal
{C') The set {{'_‘2m-1 n)m,ne Z} is an ideal of Z x Z
(D) For aring R, {0} C R is an ideal of R

. (30) Match the following groups with their properties:

| Groups ‘ Properties

() 2y xZy [ (a)

(i) Z (b)

('.ff's'-?'.} M,(R), the ring of 2 x 2 matrices | (¢) Abelian but not cyclic
© ()

Cyelic

Non-abelian and finite

(tv) Dg (Dihedral group) Non-abelian and infinite

(B) (3) - (b), (i) — (¢), (i) — (d
(€) (&) - (), (i) — (D), (idi) — (a
(D) (i (

(4) () = (@), (i) - (b), (#22) = (c). (iv) — (d)
B) (

=2 -6
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