ENTRANCE EXAMINATIONS - 2020
M.Sc. Mathematics/Applied Mathematics

- [ Hall Ticket No. |
Time : 2 hours _ PART A: 50 Marks
Max. Marks : 100 PART B: 50 Marks

10.

11

12.

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 to the Invigilator.

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.

Each correct answer carries 2 marks and each wrong answer carries -0.66
mark. Each question has only one correct option.

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

This book contains 14 pages including this page and excluding pages for the
rough work, Please check that your paper has all the pages.

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

Notations : R denotes the set of real numbers, C the set of complex numbers, Q

the set of rational numbers, Z the set of integers and N the set of natural numbers
{1,2,3,...}, 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 7 x n matrices with entries
from R. ' |
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PART - A

. Let S3 be a permutation group on three symbols. Then group §3 % Z/2Z is isomorphic
t

(A} The dibedral group with 12 elements, Dy,.
(B) The alternating group A .

{C) The cyclic group of order Z/12Z .

(D) Z/2Z x Z/27. x Z}/37L.

. Suppose f :[a,b — R, is a continuous map. Which of the following is true.
(A) if [ f(z)dz =0, then f = 0.

(B) if | J* f(z)dz |= 0, then f = 0.

(C) if there exists ¢ € {a,b) such that f(c) 7é 0, then f f(z)dzx # 0.

(D) if fa f¥x)da =0, then f = 0.

3. If A is an orthogonal matrix of odd order then

(A) 4 — I or A+ I is necessarily singular.

(B) A is always singular.

(C) zero is an eigenvalue of A.

(DY A —I is always non-singular.

. Let A= {{-1)"(12) | »n € N}. The limit points of A are

(A) 1.
(B) 1.
(C) -1.0,1.
D) ~1.1

. Suppose f : R — R and a € R. Suppose there exists m > 0 and = € N such
that,| f(z) — f(a)] < mlz — a|". Choose the correct answer.
(A) fis differentiable at a, for any 7.
~(B) f is differentiable at a, if m > 1.
{(C) f is differentiable at a, if r > 2.
) f

{D) f is differentiable at a, if m = 1.

. The orthogonal trajectories of a family of urcles passing through the points {0,2) and
(0, ~2) are circles with

(A) centres at (0, c/2) and radius v/c? — 16/2, |¢} > 4.
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| (B) centres at (0, —c/2) and radius v/c* — 16/2, |c|.> 4.
(C) centres at {0,0) and radius vc? — 16/2, || > 4.
(D) centres at (0, c/2) and radius ¢/2.

7. Let R w1th the Euclidean (or stdndard) metrlc Let hilE R — R be given by

x?, if z € Q,
flz) = {:s—o if zeR\Q.

Then

(A) f is continuous on Q1 (0, 00).
(B) f is continuous only at 1 and —2.
(C) f is not continuous at every point.

(D} f is coutinuous on R.

8. The least distance of the point {10,7) from the circle z* +y* — 4z — 2y —20=01s

(A) 10.
(B) 15.
)5
(D) 0.
9. The equation of the sphere having the circle z?+y?+2%+10y—4z~8 = 0, z+y+2-3 =0
as a grea{ circle is
(A) 22 + P+ 22 —4da+ 6y —82+4=0
B @ +¢*+ 2 +4x — 0y —82+4=0.
(C) 22+ + 2% —dr -6y - 82—-4=0.
(D) 22 +4% + 22 =16.

10. Which of the following is conditionally convergent ? ¢
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1i. Let S = {1,2,4,6,7,8}. The number of 3-digit integers formed using the digits from

S such that the integer is elther an even number or else an odd number but without
repetition of digits is

(A) 184.

(B) 186. - !
(C) 212. '
(D) 108.

12. The necessary and sufficient condition for the differential equation M (z, y}dz+N{z,y)dy =
0 to be exact is

(A) 3 =% -
(B) 2M _ &N
dy e °
(C) 8 = oy
(D) 4=~

13. A sequence {z.} of real numbers satisfies |Zn42 — Tpp1| < €|Tpe1 — zp), forall n € N
and for some 0 < ¢ < 1. Then {z,} is called

{(A) cauchy.
(B) convergent.
(C) contractive.

(D) divergent.

14. 1L A be vector valued function on R3, then which of the following is always true?
(A) curlcurlA = grad(divA) — VA,
(B) curlcuriA = 0.
(C) grad(divA) =
(D) curleurlA = —V2A.
15! The volume generated by revolving the region in the'.'ﬁrst guadrant bounded by y = «
and y = 4z about the r-axis is
(A) o=,
(B) 2.
(©) %=,
(D) o24r




16. How many group homomorphisms are there from Zy to Ze?
(A) 1.
(B) 2.
(C) 5.
(D) 10.

. : 3 1

17. Let V = span{x;,xz};, where x; = { 6 } and x, = l 2 } . Then orthogonal basis
_ 1o 2

{vi,va} for V is given by

[ 31 0
(A vi={6 [;va=]0].
| 0] 1
(3] [0
(B)y vi=| 6 |;va= |0 |.
| 0 ] 2
TP F 1
Clvi={0|;va=10
| 6 | L 0 ]
[3] KRN
D) vi=|0l;ve=10
_6— -2—

N
18. Let f:[—1,1} — R be differentiable at 2 = 0, then lim i:z I (-:Z) - Nf(O):l
% k=1 :

(A) is equal to 0.

(B} is equal to N(N + 1)/2.

(C} is equal to N/2.

(D) does not exist. ,

7%, z€[0,1]NQ,

19. Let f : [0,1] — R be defined as f(z) = Let U(f) and L{f)}

2%, z € [0, 1\Q.
denote the upper and lower Riemann integrals of f. Then

(8) 0<U() — L < 5.
(B) 3= <U(H)— L(f) <1

wr%<Wﬂ~un<%‘



DYy 1<U(f)-L{f)<2.
20. Eigenvalues of idempotent matrices can only be

(A} O and 1.
(B) 0. !
(C) 1.
(D) 0,1 and 2.
21. Let V. W be two finite dimensional vector spaces over R. Suppose T: V — W be any
function. Which of the following statements is/are true?
I It T is a linear map, then ) =0 _ o
IL T : (V,+) > (W, +) is a group homomorphism, then T is a linear map.

BL IET: (V,4) = (W,+) is a group homomorphism. then T need not be a linear
map.

IV. Both I and il are true, only when V =W .

(A) Tand II .
(B) I and I1L.
(C) 1v.

(D) I, LT and IV.

22. Let A= {a+bv2:q,b € Z}. Consider the following statements.

51: There exists a non constant sequence in A N [0, 1],

S2: There exists a non constant Cauchy scquence in A.

Then

(A) both S and S, are true.
{B) &) is true and S, is false.
(C} S is false and S is true.
(D) both Sy and S, are false,

23. Suppose a, > 0, ¥n € N and Z an converges. Consider the following statements:
n=1
o0 Ba"'
S : The series Z —3 converges

n=1 T2

Sa: Theﬂseries Z

n=1

[sina,] -
converges




24.

25.

26.

Then

(A} both S; and 8, arc true.
(B) S; is true and S, is false.
(C) S is false and S, is true.
(D) both S and S, are false.

1 -1 1 1
letA=|1 1 1 |andb=| 3 |. Consider
2 3 « Js)

S, : The equations Az = b has a unique solution when «« =3 and 8 = 2.

S, : The equations Az = b has an infinite number solutions when o« = 2 and 5 = 2.
Then

(A) S; and S, are true.

(B} S; and S, are false.

(C) S is true but S, is false.

(D) Sy is false but S, is true.

Let f(x,y) = log (0052 e"g) + sin{z + y). Consider

Sy gfa"; =—-latz=0and y=mn/2.
Ff _

Ss - % =4tanfe) at z =0 and y = 0.

« Then

(A) S) and S; are true.
(B) S, and Sy are false.
{C}) 51 is true but S, is false.

(D) Sy is false but Sy is true.

PART - B

Consider f(z) = (sinz)*** z € (0,7).
(I} f{z) has a minimum at x = 7/2.
(II) f{z) has & maximum at = = 7/2.
1

(I11) f(z) has a maximum at z = sin~'(3).

Then

{A) Ounly (1) is True.
(B} Only (II) is True.



{C) Both (I} and (II} are True.
(D} Both (I} and {III) are False:
27. Which of the following are TRUE?
(1) Every bounded sequence in R has a convergent subsequence.
{2) Every sequence in R has a monotone subsequence.

(3) Every subsequence of an unbounded sequence in R is unbounded.
(4) The sum of two unbounded scquences in R is again an unbounded sequence.

(A) (1) and (4) .
(B) (1) and (2).
(C) {2) and (3).
(D) (2} and (4} .
28. Let H K be two subgroups of a finite group G. Which of the following statements
is/are correct?
I. HK is always a subgroup of C.
II. If H is normal and K is not normal subgroup, then only HK is a subgroup of G.
III. HK is need not be a subgroup of G.
IV. HK is a subgroup of G, if H is a normal subgroup of G.

(A) T and II.
(B) ItI and IV.
(C) II and IIL.

-

(D) 11 and IV.

29. Which of the following statements is/are true or False ?

A. In a metric space, a ball can contain another ball of strictly bigger radius.
B. Let (X,d) be a metric space and let A, B and C be three subsets of X. Define

d{A,B) = (a?bglelng d{a,b).

Then. d(4,C) < d(4, B) + d(B,C).

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



30. Consider the following statements:
L An abelian group is cyclic.
II. A group of a prime order is cyclic.
HI. A cyclic group is abelian.
IV. Zy x Zs 1s cyclic.

Which of the following statements is/are correct:

(A) IL III and TV,
(B) 1I and IIL.

(C} Mand IV.
(D) T and IV.

31. An ordering of three of the numbers 0,1,2,3,4,5 matching with the sequence ‘deter-

2 1 3
minant, trace, rank’ for the matrix !: 60 1 1 } is

' (C) 0.2,1,

-2 0 -2
(A) 2,53. o
(B) 4,1,3.
(D) 0,1,2 .
32. Let [z] denote the greatest integer less than or equal to z € R. Then match the fol-
lowing:
(1) f(z) = [z — | (i) continuous
1, zeR but mnot dif-
ferentiable  at
z=1
(2) g{z} = |z — | (i) discontinu-
13, z€R ous at z =1
(3) h(z) = |z — | (i)  differen-
1| + sin®(jlz — |tiableat z =1
1), zeR
(A) (1)-(iii), (2)-(1), (3)-(11) .
(B) (1)-(1), (2)-(1), (3)-(iii) .
(©) (1-(i), (2)-(iii), (3)-(i) .
(D) (1-(i), (2)-(G), (3)-(ii) .
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33. Match the following set/equations to the corresponding geometric objects in the zyz-

space:
(1) {(1,2,¢): t
R}
(2)a=0, 2=5
(3)z=5
4z = 5.

(i) plane parallel

t0 the ry-plane

(i) line parallel
to the z-axis

(it} line parallel

.| to the y-axis

(tv) plane or-
thogonal to the
zy-plane

A
B

D

(A) (1)-(ii), (2)-(3), (3)-(iid), (4)-(v).
(B) (1)-(ii), (2)-(iid), (3)-(3), (4)-(iv) -
(C) (1)-(iv}, (2)-(iii), (3)-(ii), (4)-(0)-
(D) (1)-(itd), (2)-(iv), (3)-(ii), (4)-()

34. Given that there are real constants a, b, ¢, and d such that the identity Az +2zy+4y%2 =

. (az + by)® + (cz + dy)? holds for all z and y in R. Then match the following

(i.} Aliesin

(a.) [1,00)ifc>0

(ii.) band d liein | (b.) [0, 00)

{iii.) a lies in (c.) [-1,1]

(A) (i)-(b.),(i)~(c.), (iih)-(a.).
(B) (i.)-{a.),(i.)-(c.}, (ili.)-(b.).
(C) ()-(c).(ii)-(b.), (iis.)-(a.).
(D) (1.)-(b.),(ii.)-(a.), (it.)-fc.).

35. Match the following

(i) u = z%cos 2y,
v = x° 8in 2y

(a) J (—y):o

atz=1,y=1.

(i) =21 -y +yv1 22
v=sin"'z+sin"'y

(b)) J ("—y) >0

atz=1y=1

(iii.} u = coshx cosy,
¥ = ginh zsiny

(c) J(%2)=4

atz=1y=1

ill.

(A) (i)-{e),(ii)-(a

), (i )-(b.).
(B) (i>(a),(ii)-(c.), (HL)-(

b.).

10 .



(€) (i.)-(c.), (i )-(b.), (iii.)-(a.).
(D) (i.)-(b.),(ii.)-(a.), (iit.)-(c.).

36. Match the following statemerts.

(a) For a real Hermitian matrix

(1) zero is always an eigenvalue. '

(b) For a real skew-Hermitian matrix

(i) the eigenvalues are zero
or purely imaginary.

'w ~6

(¢) For a unitary matrix

(ili) the eigenvalues have unit modulus.

{d) For a singular matrix

(iv) the eigenvalues are real. ]

Then

(A) (a)-(ii), (b)-(i1), (c)-(1), (@)-(iv).
(B) (a)-(iv), (b)-(if), (c)-(iii), (d)-(i}.
(C) {(a)-(iv}, (b)-(i), (c)-(iii}, (d)-(i1).
(D) (a)-(3), (b)-(ii), (c)-(iv), (d)-(iii).

37. Match the following differential equations with their integrating factors.

(a) (272 1 y)dz + (2%y — z)dy =0

(i) z%y.

(b)Y (3y + 4zy?)dz + (27 + 3afy)dy = 0.

(i) s

(e} (zy — L)dz + (z* — zy)dy = 0.

(fii) L

{d) zdy + ydz + 32y dy = 0.

—

(IV) g

Then

(A) (a)-(1), (b)-(ii), (c)-(iit}, (d)-(iv).
. (B) (a)-{iii), (b)-(ii), (c}-(3), (d)-(iv).

(C) (a)-(iv), (b)-(1), (¢)-(iii), (d) - (i).

(D) (a)-(iii), (b)-(if), (c)-(i}), (d)-(iv).

38. Let f be a function from R? to R. Then match the following

(i) flz,y) = T4y {a ) is not a homogeneous function
- YT S Loy o 10Ok '
(ii.) flz,y) =sin T {z +y) (b.) is a homogeneous function of degree .
(iii.} flz,y) =In (g—i%—i—i;gi) {c.) is a homogeneous function of degree 1.

(A) (L)-(c),()-(a), (iik)-(b).
(B} (i.)-(a.),(i)-(c.), (iil)-(b.).

(C) (i)-(c.),(ik.)-(b.), (iii)-(a).
(D) (i)-(b.),(i1)-(a.), (iii.)}-(c.).

11




39. Match the following functions with their Laplace transforms.

(a) e*sin3z | (i) 5ers 2) 5

(b) e cos3z | (i) oy
{c} e**sinh 3z | (iii) (S%)—E)—(-
1 {d) e** cosh 3z | (iv) m

Then

(A) (a)-(1), (b)-(i), (c)-(iii), (d)-(iv).
(B} (a)-(iii}, (b)-(i1), (¢)-(1), (d)-(v)-
(C) {a)-(i), (b)-(1), (c)-(iv); (d) - (i),
(D} (a)-(iii}, (b)-(ii), (c)-{1), (d)-(iv}.

40. In this question, S, is the symmetric group on four letters, and Aj is the alternating
group. Let Dy = {r,s: 7% = s = 1,srs = r!) be the dihedral group with 8 elements.

1. A, 173
2. 5y THE
3. Dy x UL 1.
7./27.

We say that the pair is ‘matched’ if the minimal number of generators of a group listed
on the left hand column equals to a number in the right hand column Whlch of the
pairs are matched?

(A) (1L1): (IL3): (m,z).
(BY (1,2); (IL1); (IIL,3).
(C) (1,3); (IL2); (II1,1) .
(D) (1,2); (IL3); (I11,1) .

27
41. I f(z) =f e~"dt then

(A) F(0) < f1(1) < f{2).

(B) f(0) < f'(2) < f(1).

(Q (1) < F(0) < f1(2).

(DY £1(2) < Q1) < F(0). | |

- 42. Let y = ¢(x) be a solution to z%y"(z) — 2y(z) =0, y(1) = 1 and y(2) = 1, then which
of the following is true ?

(A) #(1/2) < ¢(3/2) < 6(5/2).

(B) (3/2) < ¢(1/2) < ¢(5/2).

12



43,

44

45.

46.

(C) ¢(1/2} < 4(5/2) < ¢(3/2).

(D) 6(3/2) < 4(5/2) < $(1/2). |
Let 2 and 3 be the eigenvalues of a 2% 2 matrix A. Then arrange the following matrices
as per the descending values of their respective traces.
P: AL 1
Q: A% :
R:(A-1)

S:(A+1).

(A) 5,R,Q, P

(B} Q,S,R. P.

C) @,S,P,R..

(D) S,Q, AR

If A, B,C, D represent the vectors (z — %), {72 — %), {23 — 2) and (23 — 2), where
=1+t 21 =-34+2,2 =243, 23 =14+57,z4g =14 34, then arrange them in the
descending order of the length of the vectors.

(A) |C1,14},181,1D1.

(B) |4),1B1,IC1,|D1.

(C) 14LIC1, 1B, 1D|

(D) ICL1ALID 1B |

If A(n) denote the area of the region {(z,y) € R? : |z|* + |y|* < 1}, n € N then the
arrangement of A(2), A{3}, A(4), A(5) in the ascending order is

(A) A(4), AB3), A2), A(5).
(B) A(5), A(3), A(4), A2).
(C) A(2), A(3), A(4), A(5).
(D) A(2), A(3), A(5), A(4).

Let 4, 1 < k < 4 be the solution of y" + IOEU = 0. The arrangement of #:'s in the
decreasing order of their number of zeros in {10, 10] is

(A) Y1, Ys, y?s. Ya.

B} y1, y2, 3, Y-

(C) ya, ¥2, Y1, ¥

(D) Y4. Y3, U2, W1

13
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47. Arrange the followi'ng; subgroups of Z,q in decreasing order of their size {i.e. cardinal-
ity). - H =< 15> He =< 6> Hy=< 24 >, H; =< 30 >.
(A) Hy, Hi3, H, Hy.
(BY Hy, Hy, Hs, Hy.
(C) Hap, H,, Hy, Hy
(D} Ha, Hy, Hs, Hy. | _ ’
48. Consider the following spheres :
SL:x?+y?+ 22— 2z — 2y — 42 = 20.
S+t +22 4+ 22— 2y —62= 14
Syt +yt 422 =4y — 22
Sy a4+t + 22+ 10z —6y+62+34=0.
Arrange the spheres as per the decreasing order of their radii.
(A) 53,851, 53,5,
(B) 81,5, 53,54
{C) 51,5z, 854,55
(D) 53,51,54,53-
49. Let X = {‘1, 2,3}. Arrange the following sets in an increasing order of cardinalities:
S1 = The set of all symmetric relations on X.
S3 = The set of all bijectious of X.
S = The set of equivalence relations on X.
Sy = The set of all relations on X,
55 = The set of all functions from X to X,
Sg = The set of all reflexive relations on X.
(A) 18] < [82] < [S5] < [S1] <'S6| < |S4]-
* (B) S| <151} < 93] < [S5] < S| < Sl
(C) S5l < 151] < |S3] < [Ss| < |Sal <[5
(D) 192] < 185] < |85} < 151] < 156} < |84l |
50. Consider the general system AX = 0 of n equations in n unknowns. Arrange the
following statements in the order
I.detA #0 . g
II. The system has unique solution ' '
III. Solution is A™*X
IV. Rank{A)}=Rank([A B])
(A) HOI,, II, IV, L.
(B) IL, III, IV, 1.
(Cy I,1V,Ii, I
(D) IIL IL, I, TV .

14
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