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ENTRANCE EXAMINATIONS - 2020
Ph.D. Mathematics/Applied Mathematics

| Hall Ticket No. |
Time 1 2 hours PART A: 35 Marks
Max. Marks : 70 PART B: 35 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 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 a total of 70 questions in PART A and PART B together.
8. Each correct carries 1 mark.

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

10.  This book contains 20 pages including this page and excluding pages for the
rough work. Please check that your paper has all the pages.

11. 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.



Part-A
i Fill in the blank: 3, 8, 15,24, _

30
35
34
36

S aw»

2. 10x1642—28+2=7

166
-50
67

148

o awep

3. The sequence of symbols used in the place of circles to balance the equation
2001004012060 =018

+,+, % and -

X, 4+, + and —

—,+,»x and +

oowp

—, 4, + and x

4. Fill in the blanks in the following: Y, W, T, P,

A, L
B. K
C. ]
D. I
5. Calculate the snm of the series: % + % + —21—7 o
1
A 3
1
B. 3
3
C. 3
2
D. £

M-6)



19.

Al
B.
C.
D.

oow p

A,
B.
C.
D.

Sowp

Saw»
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What is the next term in the following? BKII, CMK, DON,

EPQ
EQP
EQQ
EQR

If ‘CHAIR’ is coded as ‘AFYGP’ then 'BMJJ stands for

DOLL
MALL
TOSS
TALL

If ‘PEN’ is coded as ‘QRFGOP’ then how wil] you code "CUT"?

DEWVUV
DEVVWU
DEUVVW
DEVWUV

If IVORY’ is coded as ‘39251° and ‘FAD’ is coded as ‘467’ then how will yon code 'FAIRY'?

46381
46531
46351
43651

Choose the odd numeral pair:

16:50 : .
9:29 |

12:38

6:21
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il How many three-letter words arc there that start with any vowel and end with the letter 87

3380
676
32
130

cowe

12. Suppose that two dice are rolled. What is the probability that there are different values on
these two dice?

2/3
1/6
5/6
1/3

oWy

13. How many ways are there to form a committee of 3 women and 2 men from a set of 7 women
and 4 men?

200
210
168
41

o aw>

14. In 7 is & natural mumber, then 2(3) + ne =

ocaw»

-

15. 1f ‘QFAHR’ is coded as ‘LKFM' then ‘RSKI3’ is coded ai’

A. WXPG
B. WFPXG
C. WXPH
D. WYPG



16.

17.

18.
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If A and B are any sets then B\ (B\ A) =

A, ¢
B. 4

C. AnB
D. AUB

Let A and B be any two scts and let AAB be the symmetric difference of 4 and B. Then
AAB = ¢ if and only if

A. A=g¢ )
B. B=¢
C. AcCBHB
D A=H8

Let A and B be any two sets and let B be the complement of B. Then (AND YWU(ANB) =

A, A
B. B
C. ¢
D. AUB

At 3:40, the hour hand and the minute hand of a clock form an angle of

130 degrees
120 degrees

150 degrees

©aQwe

140 degrees

If in & certain code, ‘GLAMOUR’ is written as ‘IJCNMWP’ and ‘MISRULE’ is written
{QGUSSNC!, then how will “TOPICAL’ be written in that code?

A, VMRIEUN
B. VMRHACJ
C. VMRJACJ
D. VNRJABIJ
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21. Find the missing number in the series 10, 67,341, 1369, .

7311
4111
5665
8576

=N

22. The negation of the statement “If 1 eat icecream, then I am happy” is

1 eat icecream and I am not happy.
I eat icccream and I am happy.

T eat icecream or 1 am happy.

cawp

1 do not eat icecream or 1 am bappy-

23. The pumber of bijections of the set {1,2,3,...,n} s

n-—1
T
!

(n+4 1)}

90wy

24. Which of the [ollowing is a finite set?

The set of natural numbers.
The set of all prime numbers.
The set. of all words in every dictionary on Earth.

All functions from N =+ {0,1}.

c Qw ¥

25. Let cardinality of A, || =n and that of a set B, |Bl = m. If n < m, then the number of
injective functions from A to B i

A, m"

B. 2™

C. =

D. m{m-1)---(m-n+ 1)
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26. Let f: A— B and g: B — A be such that go f = I 4, where I4 is the identity function on
A. Then,

A. [ is surjective and g is injective.
B. [ is injective and g is surjective.
C. fis injective but g is may not be surjective.
D. f may not be injective and g may not be surjective,
L
27, Consider the expression 1 — % — -595 — 545 — = % < 6(1)—0. Then
A. There is no natural number n satisfying the above expression.
B. n=4¢ :
C. n=3 ’
D. n=2

28. Suppose that P, 2, and R arc statements. Assume that P implies ), and that € implies R.
If we also know that P is false, then

Q is false,

R is false.

R implies P.

No conclusion can be drawn.

Sarp

29. Let A, B be noneinpty finite sets. For a set S we denote by |S] the cardinality of S. We denote
by AN\B={r € dandz ¢ B} and B\ 4 is similarly defined. Consider the following
statements, and choose the correct option(s).

1. If JA\ B} = |B\ A| then, |A] = {B]

2. AU B| = |A| + B

3. ]A x {1}] > 4]

4. |AU B = [A| for any nonempty scts A, B.

Only 1 is correct.
Only 1 and 3 are correct.
Only 2 s correct.

cawe

Ouly 4 is correct.

-

30. Suppose that P and ¢} are statemcents. To '&isprom the claim that ‘Both P and @ are true’,
which of the staiement(s) below we need to show? Choose the correct alternative(s).
1. At least one of P and @ is false,
2. Both P and @ are false.
3. P does not imply @, and @ does not imply P.
4. P is false if and only if @ is true.

Only 2 is correct
Only 3 is correct
Only 3 and 4 arc correct

caowp

Only 1 is correct



31.

32.

33.
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Let f: X = Y be a function and {A;};en be a nonempty collection of nonempty subsets of
X. Let B, be nonempty subsets of Y. Consider the following statements, and choose
the correct altemative(c.)

L f{NA) =
2. f(U; Ai) = U
3f(rL D CNf

4. fHB " )=f ()mflm

A. Only 1, 2 and 3 are correct.
B. Only 1 and 2 are correct.

C. Only 2, 3 and 4 are correct.
D. Only 1, 3 and 4 are correct.

In this question, the left hand column consists of real valued functions on R.
1. fz)=¢€" T 1 injective
2. flay =sinz Ilhgjectne
3. flz) =z -1

We say that the pair is ‘matched’ if the function satisfies a property listed under the second
colurmn. Which of the pairs are matched?

11). neither injective nor ¢ blu]OCtl\P T

A, {(L1). (IL3) and (111, 2)
B. (L1). (IL2) and (I113)
C. (1,2), (J1.3) and (1I1.1}
D. (1,3), (1I,2) and (11,1}

In the following, the left hand column consists of sets 4; and a relation E; on A;. While the
right hand cohunn consists of a ty pe of a relation.

[1. 4,= = {12}, Ry = {(1,1).(2.2)} 1. Only syminetric
2. Ay =N, Ry — {{x,y) : 1 ¢ 15 a multiple 01 3} I1. Equivalence rejation

3. Az ={1,2,3}, Ity = {{1,1),(2,2),(3,3),(1,2),(2,3)} { [1I. Only transitive
|4 Ai={1,2.3}, Ry = {(1,2),(1,3),(2,3)} | IV Only reflexive |

We say that the pair is ‘matched’ if the relation R; listed on the left hand column satisfics
a type of a relation listed in the right hand column, Which of the pairs are matched?

Ao (1,2), (IL4), (ITL,1), (IV,3)
B. ( 2), (L1}, (1113}, (IV.4)
C. (L), (IL2). (IIL4), (IV.3)
D. (1,2), (IL1), (111,4), (IV,3)
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34. Let P(S) be the power set of a set 5, and 1S} denotes the cardinality of §. Then,

I(P(R))] > [(0,1)] > R\ Q] = Q| = 2]
(PR = R\ QI > [(0,1)] > |Q! = [Z]
[(P(R)] = {(0, V] = IR\ Q} > |Q] > 12|
(PR > 10, 1) = 1R\ Q1 > |Q) = |Z]

oowp

35. Consider the positive real numbers V2, ¥/3, and ¥/6. Then which order among.the following
is correct?

V6 <V2< 3 i
VZI< ¥6< V3 | :
V6 < ¥3< 2
V2 < Y3< B

vowp

TURN THE PAGE FOR PART B —



36.

37

38.

\~f,_€|

Part-B

Let f be a real valued function defined on an open subset of R. Which of the following
statcments is/are true?

cawe»

I. If both f% and |f] are measurable, then f is measurable.
II. If f>0,and {2 is measurable, then f is measurable.
[I. 1f |f] is measurable, then f is measurable.
v, IfforallceR, {x: flzx)<clisa measurable set, then f is measurable. ;
v
\I, Iil and 1V
I, Hand IV
IT and 1V

Tet A, B be two measurabie subsets of B, and let rn. denote the Lebesgue measure on R.
Which of the following statements is/are true”

cawp

1. 1f m{AU B) = m{A), then m{3) = 0.
Il If m{A) =0, then m(AU B} = m(B).
L “m(A)=0 = m(AUB) = m(B)" is true, if m(B) is finite.
V. m(AuB)=m(4)+ m(B) is true, only if A and B are disjoint sets.
1I and HI
I
IV
I, 1 and il

Which of the following are TRUE?
(1) Every countable subset of R is Lebesgue measurable.

oo p

(2)
(3) The Lebesgue measure of middle-third Cantor set is positive.
(4)

4

(
(
(

Fvery dense open subset of (0, 1) has Lebesgue mcasure equal to 1.
Every continuous function f: R — R is Borel measurable.

2) and (4)
1) and (3)
2} and (3)

(1) and (4)

10



39.

40.

41,
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Congider the following statements:

1. An entire function bounded outside a compact set is constant.
Il. An entire function bounded outside a bounded set is constant.

Determine the correct option(s).

Only 1 is true
Only II is true
Both I and II ars true
Both I and I1 are false

Tawe

Let f : {a, b] — R be continuous and differentiable on (a,b). Consider the following statements.

1. Intermediate value theorem holds for f on (a, b).
Tl Intermediate value theorem holds for f on (e, b).

(Choose the correct answer.

Both I and I azre true
I is true but not II
I is true but not L
1 and I! are both. false

v awe

Let R be & nonzero ring with unity 1. Consider the following statements.

I 1f r.¢ € R\ {0} are two zero-divisors, then r + s is a zero-divisor.
IL If r, s € R\ {0} are two nilpotent elements such that s = s7, then 7+ 5 18 nilpotent.
1L ¥ r.s € R\ {0} are two nilpotent elements, then v + § is nilpotent.

Which of them is/are correct?

Only T is correct
Only II is correct

Only I and 1I are correct

o QWP

Only 11 and 111 are correct

i1
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42, Which of the following is /are true?
(1) Continuous image of a locally compact space is locally compact.
(2) Continuous image of a locally connected space is locally connected.

Only (1)

Only (2)

Both (1) and (2)
Neither (1} nor (2)

CaowEy

43. Which of the following is true?
(1) Every compact space is locally compact.
(2) Every connected space is locally connected.

Only (1)

Only (2)

Both (1} and (2)
Neither (1) nor (2)

Sowp

44, A topological property or topological invarient is a property of a topological space which is
Invariant under homeomorphisms.
I. Separable 1II. Cowupleteness 1IL Regular IV. Metrizable

Pick up the property which are fopological invariants from the above:

A, Tand 11
B. 1,0Iand IV
C. Iland1V
D. 10, T and TV

45, Let :(0,1) = R be any function. Which of the following statements is/are correct?

I If 7 is bounded, then it is continuous,
A1, If f is continuous, then it is bounded.
UL If f is strictly increasing, then it is continuons. .
IV. 1If f is differentiable, then f is continuous.

A, Tand Il
B. Hland IV
C. Iy

D.

12
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46. Let X be a normed linear space and T : X = X be a linear transformation. Which of the

following statements is/are correct?
I. T is bounded iff T is continuous.
1. 1f T is compact, then T’ is continuous.
{I1. If T is bounded, then T is compact.

1V. If X is finite dimensional and T is continuous, then T is compact.

A, TandIl '
B. [[HandlV
C. Land IV
D. I 3
47, ‘Which of the following pairs are correctly matched?
I f{x) =|z| 1. differentiable at no point
11 f{z) =€ 9. differentiable everywhere
L f(z) = |z 3. not differentiable at some points
0if ¢
V. flz) = i_f 2€Q 4. not differentiable at infinitely many points
1ifz¢g Q

A. (LY, (1L2), (TIL,3), (IV,4)
B. (1,4), (11,3), (ILY), IV.2)
C. (13), (IL2), (I1L4), (IV,1)
D. (1,3), (112), (IEL1), (IV.4)

48, Which of the following groups are correctly matched with their types?

|

H Z.DEs
111, S5

V. A

A, (L4), (IL2), (IL3), (IV.1)
B. (12), (L), (ULY), (V)
C. (14), (IL2), (UL1), (IV.3)
D. (14), (IL1), (1112), (IV,3)

13

o Lo B

. non abelian
. eyelic

. simple

. abelian



49. Which of the following sequences are correctly matched?
I.1,2,3,4,... 1. bounded and not monotonic
1. 1,2,1,2, 2. mongtonic and bounded
I 1, %, %, 3. monotonic and unbounded
V. 1,2,1,3,1,4, 4. unbounded and not meonotonic

54

51.

OawpP

(L,3), (IL1), (I11,2), (IV,4)

(1,3), (I1,4), (I11,2), (IV,1)

(1,3), (IL,2), (IIL1), (IV4)
),

):
(1,1, (I1,2), (T11,3), (IV 4)

- Match the foliowing:

caw»

(a). Aut Z (p). {1,-1}
{b). U(9) (a). 1

(c). Units of Z[v/=2] (). Zyp

(d). Characteristic of zero ring (s} {1,5,7,9}
(5;'51'): (b1Q)a (C,S), (d,p)

(a.q), (b.p), (e:s), (dr)

(a,r), (b3}, (¢.q), (d,p)

(a'r)ﬂ (bjs)? (Cﬂp)? ((1$q)

Match the following:

*

D awp

(a) SL,{R), the set of all n X n matrices
with determinant 1

(1) not connected, not compact

(b) GLu(R), the set of all n x n Ivertible
matrices

(2) path connected, not compact

(¢} On(R), the set of all 7 X 1 orthogonal
matrices

.

(3) path connected and compact

(4) compact, npt connectod |

a1, b2, c04d
aer3,bolce?2
a2, bl e 4
a4, b2, ce 3

14
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52. Match the following:

" {(a) The numiber of group automorphisms on Zg is
(b) The number of abelian groups of order 12 is

(¢} The number of Sylow 2-subgroups of a group of
order 24 is either 1 or
(d) The number of simple groups of order 60 is

(3) 3

A. cord bel e 3, der 2
B, a4 b2 eco3,d401
C. atv b4, ce2,d63
D agodbeal,ee2,d3
53. Match the following polynomial elements to the rings in which they are units.
L3+14X 1. Z]_g[ ]
I 143X +27X2% 2. Zog[X]
ML 5+6X + 12X 3. Zg [X] ~
4. Zog|X)
A, {12), (IL4), (UL,1)
B. (L3), (IL,2), (111,1)
C. (1,2), L3, (IIL.1)
D. (1,1}, (IL2), (111,3)
54, Which of the following pair of qtatementb are correctly matched? (Each of the following f is
a function Zsp — Zog.)
L flz) =4z 1. is not & group homoemorphism
Il f{z) =5z 2. is a group bomomorphism but not ring homomorphism
I f{z) = 16z 3. is a surjective group homomorphism
4. is a ring homomorphisin
A, (1), (I2), (JI1,3)
B. (L2}, (IL,3), {Ii1,4) ) .
C. (L2), (IL,1), (LI1,4) ' -
D. (I4), (11,2), (1L1)

15
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55, Let ¢(z) be an extremal to the functional J{y} = f F(z,y(z),y (z))de. Let o and 8 be

two arbitrary constants. Then match the following “fanctionals in the left colunin with the

corresponding extremals in

the right column:

M F=2"+y
(2) F =19 +sin(y)

(@) F= o{y')?

i)¢=0
(ii) ¢ = arlogz+8

(i) p=ax +8

A, (-G, (2-G), (3)-()
B. (1)-(), (2)-(ii), (3)-{ii)
C. (-G, (2)-(), (3 -
D. (U-{il), (2)-(), (3)-0)

56. Match the following PDEs in the left column with the corresponding types in the right colhumn:

. (1) The wave equation

(2) The heat equation

(3) The Laplace equation

1 (i) elliptic
l (ii) hyperbolic

(iii) parabolic

AL (-, (-0, @)-0
B. (1)-{i), (2)-(1), (3)-(i
C
D

et et

(1)-(ii), (2)-(ii), (3)-(0
(1)-(i1), (2)-(), (3)-(

-

57. Match the following system of differential equations with the corresponding type of critical

point at the origin

dx dy 1 . —i
[ e 2 d. .
Ol T () made
d
() ?iitc- = —3z + 4y, 6.;% = -2z + 3y ~ (ii) saddle point. l
(d) %&‘E =y — a;{ = 4g — By (iv) spiral. . \

A (a} (i), (b)-(i), (¢)-(ii), (d)-(iv)
B. (a)(ii), (b)-(), (c)-{ili}, (d)-{iv)
C. (a)—(l"% (b)-(11), (c)-(ii), (d)-(1)
D.  (a)-(i), (b)-(D, (e)-(i), (d)-(iv)

16



58.

59.

60.

51

J~6]

Consider the integral equation ¢(z) = f(z) + A f_ll zet$(t)dt. Then match the following

(iJA=e, flz)= {a) Infinite number of solutions.
ii) A =e/2, f(a:) = me‘z (b) No solution.
(i) A =¢/2, flz (¢) unique solution.

A. (i)}, Gi)-(2), (- (b)

B. (i)-(a), (it)-(b), (iii)- (c)

C. (i)-(b), (i) (C ), (iit.)- (a)

D. (i)-(c), (iL)-(b), (iii)- (a)

Arrange the numbers in decreasing order: e, m, e", me,

A. me,wm.e
B. ", nf.em
C. e ntme
D. #%e",e7x

Arrange the following sets in the increasing order of mclumon A- get of all abelian groups,

I- set of all inner product

Spaces.
A. AN,IB
B. I,N,AB
C. N,I,B,A
D. I,N,B A

spaces, N- set of all normed linear spaces, B- set of all vectors

Arrange the following rings in the inclusion order

1. Integral Domain

11, Unique factorization domain

I1, Commutative ring
1V. Euclidean domain

A. IV, L I, 1T
B. IV,IL 1 I
C. I, IV, LI
D. I, I, 1V, 101

17
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63.

64.
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For a function f : |0,1] — R, arrange the following properties in the increasing order of
strength: (1) f is Lipschitz continucus. (2) f is continuous at infinitely many points. {3) f
i uniformly continuous. (4) f is Riemann integrable. (5} f is continuously differentiable.
{6) f is absolutely continuous.

A. 423,165
B. 2436,1,5 '
C. 423651
D. 243,156

Arrange the following in the increasing oxder of the number of connected components:

3} Q
A, 1,23
B. 1,32
C. 2,31
‘D. 3,21

Arrange the following field extensions in the increasing order of their degrees:

(1) Q(V5 + V3) over @
(2) Q@(n) over Q
(3) Q(2) over Q

1,3,2
3,1,2
3,2, 1
3,1,2 . )

caow?»

18
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65. Consider the cyclic group of units Gy = U(Zg3),Ga = U(Zg7), Gz = U(Zg), Ga = U(Zas)
{these are group of units of integers modulo corresponding n). The arrangement of these
groups in decreasing order of the number of generators is:

A. Gi1,6G2,G4, Gy
] B. G1,G4,G2,Gs
- C. Gs,G2C1,Ga
D. Gi,Ga,G3,G2 ,

66. The arrangement of the groups Gy = Zas.Ge = Z30,G3 = Zag, G = ZLgo according to
inereasing number of nilpotent elements in them, is: :

Go,G1,G1,Gs
G4, G3,G1, G2
G2, G4,G1,G3
G4,G1,G2,G3

v awr

67. Find the correct order of the following phrases so that it means that & given function f:RR
is not uniformly continuous. .

(a) for every 6 >0
(b} there exist T,y € R with lz —yl <6
(¢) there exists € >0 such that

(d) such that if(z)— flyll > ¢

1,324
1,4,3,2
31,24
39,1, 4

o aw®

-

68. Let V{n) denote the volume of the ball in R™ with center at the origin and radius 1. Then
the arrangement of the pumbers V(2), V{10, V(100), V(1000) in the ascending order is: .

v(2), V(10), V(100), V(1000)
V(1000), V(100), V(10), V(2)
v(100), V(10), V{1000), V(2)
V(1000), V(10), V(2), V(100)

v owe

19



69.

70.

o awp

Sowyp

Lot w be the solution of ma—u
8z

the arrangement of the numbers u(3, 4), u(

0
+ y—’tf = u satisfying u(z,y) = 5 whenever 22 +

5,5), (0, 1), u(1,3) in the descending order is:

u(5,5), u(3,4), u(0,1), u(1,3) .
2(0,1), u(5,5), u(1,3), u(3,4)
u(0,1), u(3,4), u(5,5) u{1,3)
u(5,5), u(3,4), u(1,3), u(0,1)

Let ¢(z) be the solution of the integral equation

T
:cz[ e g(t)dt. Then
0

$(0) < ¢(1) < 6(2) £ 9(3
$(1) < $(0) < H(3) < 42
$(2) < ¢(3) < $(0) < 61
$(3) < $(2) < 9(1) < $(0

CRISIP I S

—

Fok

24

Y-t

y* = 4. Then



