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ENTRANCE EXAMINATIONS - 2019 
(Ph.D. Admissions - January 2020 Session) 

Ph.D. Mathematics/Applied Mathematics 

I Hall Ticket No. 

Max. Marks 
2 hours 
70 

PART A: 3S Marks 
PART 8: 35 Marks 

Instructions 

1. Write your Hall Ticket Number on the Oivffi. Answer Sheet given to you. Also write the 
Hal l Ticket Number in the space provided above. 

2. Answers are to be marked on the OMR sheet. 

3. Please read the instructions carefully before mark ing your answers on the OMR answer 
sheet. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Hand over the OMR answer sheet at the end of the examinat ion to the lnv igilator. 

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

Calculators are not all o\ved . 

There are a total of 70 questions in PART ~ and PART B together. 

Each COITect calTies 1 mark. 

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

This book contains IS pages including this page and excluding pages fo r the rough 
work. Please check that your paper has aU the pages. 

lR denotes the set of real numbers , {: the set of complex numbers, Z the set of integers, 
Qt the set of rational numbers, and N the set of all natural numbers. 



1. A proposi t ion i:; a. tautology that is 

(A) true at least once. 

(B) always true. 

(e) fai.se at least once. 

(D) always false. 
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Part-A 

2 . Suppose "If P then Q" and "If Q thclI R," . T hen it follows "If P then It". T his is 
known as 

(A) Ivtodus pOllens. 

(B) i\'Iodus tolleus. 

(C) Syllogism. 

(D) None of the above. 

3. The last two digit.s of the number 999 arc 

(A) 89 

(B) 91 

(C) 87 

(D) 97 

4. FOT propositions A £\.lId B, the formula (Not A and B) is logically equivalent to 

(A) )lot (A implies B) 

(B) Not (B implies A) 

Ic) IA "ud Not B) 

ID) IA 0 , Not B) 

<J . Let X = AU B U C. T hen, the complement of the set An B n C equals to 

(A) (A \ B ) U (B \ C) U (C \ A) 

(B) (A \ 8) U (ll \ C) 

(C) (A UB)\C 

(D) ?'-ione of the above . 

\)-59 



3 

6. Let A, B be two Acts with IAI = 6, IB I = 7 and A 7- B. Then the minimum value of 
I(A x (B \ A)) U (8 x (A \ B ))I ;, 

(A) 19 

(8 ) 20 

(C) 21 

(IJ) 24 

7. Let Yn C X for n E N. Then the set {::c EX' x E Yn for infinitely ma.ny n E N} is 
equal to 

(A) U~l n~=k Yn 

(B) u= n' y ;'=1 n=l n 

(C) n= U= Ie k= J 11=/:; r~ 

(0 ) n::: 1 U~= I Yn 

8. The number of equiva lence relations on a set ,vith 4 clements is: 

(A) 16 

(8) 15 

(C) 12 

(0) 10 

9. Let A, B be nOli-empty set s, f : A --t B be injective and 9 : B --t A be surjective. 
T hen which of the following is TRUE? 

CA) If f is bijective, then 9 is bijective. 

(8 ) If 9 is bijective, then f is bijective. 

(C) If IA I = IBI = DC and f is bijective, then 9 is bijective. 

(D) l\'one of the above. 

10. If DeB cAe C c X , then (C~A) U (AL)..B) is equal to (where b. denotes the 
symmetric difference): 

(A) X \ B 

(B) C \ B 

(C) X \ A 

(0) C \ D 



4 

11. In how many distinct ways one can rearrange the letters of the word HIJKKLM so 
that no two adjacent letters Hre the sa-me? 

(A) 5! )( 15 

(B) 
7! 

2' 

(C) 
6' 
2! 

(D) 5! x 10 

12. If A,B,C are subsets of a. set X , then (A UBuC) n (D \C) n(A \ H) is equal to 

(AI X \ (13 u 01 

(BI (BnOI\A 

(C) A \(BuOI 

CD) T he empty set. 

13. The number of 6-digit numbers such that sum of the digits is at most 51 is 

(AI 9 x 105 - 20 

(Ill 9xI0·'>-22 

(CI 9xl05-28 

(DI None of the above. 

14. The number of square-free integers:1,; with 65 < x :s 105 is 

(AI 23 

(B) 21 

(C) 20 

(D) 25 

15. A bus has to visit three cities, each of them four times. The number of ways it call 
be done if bus is not allowed to start. and end in the same city il:i 

(A) 1260 

(B) 1120 

(C) 980 

(D) None of the above. 



16. Let IAI = 4 and lEI = 6 Then the number of injective funct;iOllS from A to B is 

(A) 120 

(B) 24 

(C) 360 

(D) None of t he above. 
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17. 10 people in a part}' offered gifts to one another. What was the tot al number of gifts? 

(A) ,15 

(B) 60 

(C) 40 

(D) 90 

18. In a fami ly A and E are husband and wife. B is brot her- in-law of E . D is father-in- law 
of E. How is D related to B? 

(A) Brot.her 

(B ) Mother 

(e) Father 

(D) Father-in-law 

19. A is 3 years older to Band 3 years younger to C, while Band D are twins. How many 
years older is C to D? 

(A) 3 

(B) 6 

(e) 9 

(D) 12 

20. In an exa.mina.tion, a candidate gets 2 marks for t he right answer and loses 1 mark 
for the wrong answer . He got 80 marks by answering 100 questions . How many of his 
answers were right ? 

(A) 30 

(B) 35 

(e) 40 

(D) 60 
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21. A man has Rs. 480 in t he denominat.ions of one rupee notes. five rupee notes and ten 
rupee notes. The number of each denomination is equaL What is the total number 
of not.es that he has? 

(A) 45 

(B) 75 

(e) 90 

(D) 120 

22 . The number of boys in a class is thrc'e timeS the number of girls. Which one of t he 
following numbers cannot represent the total number of children in the da.:;s? 

(A) 40 

(D) 42 

(e) 44 

(D) 48 

23. Arrange the words given below in a meaningful and logical sequence: 
1. Table 2. Tree 3. Wood 4. Seed 5. P lant 

(A) 4,5,3,2,1 

(D) 1,3,2,4,5 

(e) 4,5,2,3,1 

(D) 1,2,3,4,5 

24. The smallest. number when increased by " 1 " is exacLly divisible by 12, 18. 24, 32 
and 40 is 

(A) 1439 

(D) 1440 

(e) 1449 

(D) 1459 

25. F ive children are sitting in a row. S is sitting llext to P but not T. And K i~ sitting 
next to R who is sitting on the extreme left, and T is not. sitting ncxt to K. Who are 
sitting .alijacent to S? 

(A) R and P 

(D) Only P 

(e) P and T 

(D) I< and P 
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26. If A means +, I3 means - , C meallS x and D means --:- then 18 C 14 A 6 B 15 D 4= ? 

(A ) 258 

(B) 254 

(C) 238 

(D) 188 

27. If the equation 24 .. 6 * 12 * 16 = 0 has to be balanced, then the sequence of signs to 
be used in the place of the three stars is 

(A) - , +, and + 
(B) 7 , +, and ...;-

(C) 7 , +, a.nd -

(D) - , - , and -

28. Which of the following interchange of signs will make the equation 5+6+3- 12 x 2 = 17 
correct? 

(A) --:- ali(I x 

(B ) + and x 

(e ) + and .;

(D) + and -

29. T he number of 4-digit numbers Lhat can be formed using the digits 1,2,3,4,5 and 6 
that are divisible by 3 is 

(A) 864 

(B ) 648 

(e) 216 

(D) 432 

30. There are five books A,B,C,D and E. Book C lies above D j book E is below A, D is 
above A and B is below E. Which book is at the bottom? 

(A) E 

(B) B 

(e ) A 
(D) e 
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31. The two missing letters in the sequence 'A, 1, B , J , C , K, _ , _ ' are 

(A) E , 'vI 

(E) E, L 

(C) D, L 

(D) D , !vl 

32. If BCFE is coded as HlLK, them the code for NORQ is 

(A) T X vVU 

(E) TUX'''! 

(e) TX UW 

(D) TVWX 

33 F ind out the odd one: 

(A) NOP Q 

(B) JKLM 

(e ) FeHl 

(D) ABeE 

34. How llIally !etters are t here ill t he word CATEGORY each of which is a<; far aViay 
[ronl the begi nn ing of tl18 word ' l.'J when t.hese letters are arranged in t he alphabetical 
order? 

(A) one 

(B) two 

(C) three 

(D) fo ur 

35. In c\, class 40% of the students enrolled for Mat hematics and 70% enrolled for Sr.atistics. 
If 1.5% of t he s tudents enrolled for both Mathematics and St.atistics, what % of t.he 
students of the cla.:;s d id not enroll for either of the two subj ects? 

(A) 5% 

(E) 10% 

(C) 15% 

(D) 20% 



9 

P art-B 

36. If a complex power seriet; L~=o a",zn converges at 4 - 3i , t hen \vhich of the following 
is FALSE? 

(A) L~=oUnzn converges for z = 2 + 4i. 

(8 ) L~=O unz71 converges for z = 3 + 3i. 

(C) :Z:~=O unzn converges uniformly all {z E C : \zl < il} 

(D) L~=oanz'l converges absolutely and uniformly on {z E C: Izi ~ 4~} 

37. Let f C -t IC be an entire function and suppose both 1 and i belong to t(C), where 
f' is the deri vat ive of f. T hen , the T RUE statement is . 

(A) f (C) ~ C. 

(B) f has infinitely many zeroes . 

(C) Bol.h 1 and i belong to rcC). 
(D) f cannot be injective. 

38. Let f : C \ {O} -+ C be an analytic function. If t here is a sequence of polynomials 
cOllvcrgillg to .f uniformly on the unit circle, t hen t he best conclusiOll is: 

(A ) f has an a.lluiyt. ie ext.ension to the whole of C. 

(8 ) f must be a polynomial . 

(e ) f must be con::;taut. 

CD) There is an anaJytic function 9: C \ {O} -t C with f = eg• 

39. Let A be the a-algebra on IR gener(l.tcd by the collection {Q,R \ Q}. Then, 

(A ) A i~ (;() unt,,,.bly infini t. (' . 

(B) A is fi nite. 

(C) A is uncountable and is different from P(lR). 

(D) A ~ Pint). 

40. Let J1- be <'\. measure defined on (R, peR)). If J1.(R \ Q) = 0, then the best conclusion is: 

(A) ~"o. 

(B) I, (IR) < 00. 

(e) ~ ({,'} ) ~ 0 fm' ,ve,'Y x E IR . 

(D) None of the above. 
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4 1. Let t.L be the Lebesgue measme on a2 . For it measurable set A C R:2, the FALSE 
statement is: 

(A) If A is countable, then J.L(A) = O. 

(0 ) If ,u(A) = 0, then A is nowhere dense in R2. 

(e) If A is compact, then J.L(A) < 00. 

(D) If A is open and dense in R2 , then J.L(A ) = 00. 

42. Let X be a narmed lineal' space, A, B C X be non-empty !:lets, and let A + B = {a +b : 
a E A and b E B}. Which of the fo llowing is TR.UE? 

(A) If A is compact , t hen A + B is compact. 

(B ) If A is open in X , t hen A + B is open in X. 

(e) If A is con nected, then A + B is connected. 

(D) None of the above. 

43. The closure of [1 in the Banach space 100 is equal to: 

(A) {(x") E l'.Q : limll --+oc xn = O} 

(6 ) I' 

(C) I' 

(D) 100 

44. Let T : 1!(2 -4 R be T(x, y) = 3x - 4y. T hen, with respect to the Euclidean norm, 

(A) IITII ~ 3 

(6) IITII ~ 4 

(C) IITII ~ 5 

(D) IITII ~ 7 

45, Let A C ]R2. \\lith respect to the E ucl idealJ rlJctric, which of' the following is FALSE? 

(A) If A is sequentially compact , then A is bounded. 

(8 ) If A is bounded, then A is totally bounded. 

(C) If A is totally bounded, then A is limit point compact. 

(0 ) If A is limit point compact, then A. is sequentially compact,. 
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46, Let X be a metric space and Y c X be a cauntably infinite set. Then the TRUE 
statement is: 

(A) Y cannot be compact . 

(B ) Y caunot be connected. 

(C) Y efUmat be homeomorphic to X \ Y. 

(D ) Y cannot he second countable. 

47. Let X be a topological space and Y c X Then the TRUE statement is : 

(Al If Y is dense in X, then the interior of Y is non-empty. 

(Bl If Y is dense in X, then X \ Y is nowhere dense in X . 

(el If X \ Y is nowhere dense in X, then Y is dense in X 

(D) Ko ne of the above . 

48 . Let X, Y be met ri c spaces, and f : X ----t Y be continuous. If (xn) is a Cauchy sequence 
in X, then: 

(A) (.f(.r n » converges in Y. 

(El (I(x,,)) is a Cauchy seqnence but may not converge. 

(el (i (:r,,)) is a bounded s8quencc but may not be a Cauchy sequence. 

(D) None of t he above. 

49 . About t he improper int egral I01\ogxdx, the TRUE statement is : 

(A) Jo1logxdx =-co 

(B) -co < fd log xd:c < -1 

(C) follogxdx = -1 

(D) - 1 < follogxdx < 0 

50. The limit limI--+o+ (cos x )1/x
2

: 

(A ) is equal to 0 

(B) is equill to C 1/2 

(C) is equal to 1 

(D) does not exist. 



51. For a function 9 : [0,1) -+ R, which of l,he following is TReE? 

(A) If g([O, 1]) is a finile set, then t here is J : [0, 1) --+ R with l' = g, 

(B) If 9 is Riemann integmble, then there i::; f [0 , 1] --+ lR with J' = J. 
(C) If 9 is continuous, t hen there is f : [0, 11 -+ R with I' = 9 · 

(D) None of the above. 

52. Let f : R -+ R be a continuous bijection. TheIl, 

(A) f is of the form x H ax + b. 

(B) f is an open map. 

(C) f is differ('nli<.\ blc. 

(D) f is Lipschi~z continuous. 
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53. Let 0 < Tn < n be integers, A be an m x 11- complex matrix , and B be un TL x m 
complex ma.lrix. \"/hich of the following is TRUE? 

(A) AB is Hever invertible, but BA can be iuvertible. 

(B) B A is nevel' invertible, but AB can be invertible. 

(C) A..B is never invertible , and B.4 is llever invertible . 

(D) None of the above . 

54. Let A be a square rnatrix with tmce(A! .4) = 0, where A.t denotes the transpose of A. 
Then which of the following is T RUE? 

(A) trace(A) = 0, but det(A) can be non-zero. 

(B ) det(A) = 0, but t1"ace(A ) can be uon-zero. 

(e) 'race(A) ~ 0 ~ dd.(A). 

(D) None of the above . 

55. Let A. be a symmetric real matrix. T hen which of the following is T R.UE? 

(A) A is diagonalizable, and all eigenvalues of A are real. 

(B ) A is diagonalizable, but A call have eigenvn.lues in C \ R. 

(C) All eigenvalues of A are real, but A need not be diagonalizable. 

(D) None of the above. 
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55. Let X = {(Xn) E eN . Xn E {- 1, I} for every n E N} and Y = {(Xn) E RN : x" E 
{-J,l} only for finitely many n EN}. Then 

(A) Both X and Yare countable. 

(8) X is countable but Y is uncountable. 

(e) Y is countable but X is uncountable. 

CD) Both X and Yare uncountable. 

57. \Vhich of the following is TRUE? 

(A) The lUap f(x) = 55:£ is a group homomorphism from Z121 to Z12o, 

(D) The map f( x ) = lOx is a group homomorphism from:Em to 2 120 , 

(C) The map f ;:: 0 is the only group }lornolllOrphism from 2m to 1:120 . 

(D) None of the above . 

5S. Which of l.be following is TRUE? 

(A) Any group of order 250 is simple. 

(B) Any group of order 169 is simple. 

(e) Any group of order 99 it; simple. 

(D) Kone of the above. 

59. The number of distinct maximal ideals of the ring Z1062S is 

(A) 2 

(8 ) 5 

(C) 1 

(D) 8 

60. Suppose R is (l. ring wi th 1, and x is not a zero divisor in R. T hen which of the 
follO\"ring is TRUE? 

(A) x is a unit if there is n E N such that the principal ideals (xn) = (xn+I
) . 

(B) x is not a unit if R is infinit.e . 

(C) x = 1 if there is n E N such t hat the principal ideals (:/;>l) = (xn+1) . 

(D) None of the above. 

v- sCI 
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56. Let X = {(:en) E a N : In E {~ l,l}foreverynE N} and Y = {(Xn) E RN : Xn E 
{-I, I} only for finitely many n E N}. TheIl 

(A) Both X and Yare countable. 

(B) X is countable but Y is uncowltable. 

(e) Y is countable but X is uncoulltable. 

(D) Bot.b X a.nd Yare uncountable. 

57. Which of the following is TRUE? 

CA) The map f(x) = 55x is a group homomorphism from 1':12\ to £: 120 

(E) The map f( x) = lOx is a group homoll'lorphism from Zl2l to 2.120 , 

(e) The nUlp f =: 0 is the only gron)) hOlllomorphism from 2: 12J to Z120. 

CD) ;-.Jone of the above. 

58. Which of the following is TRUE? 

(A) Any group of order 250 is simple. 

(B) Any group of order 169 is simple. 

(C) Any group of order 99 is simple. 

(D) :"Jone of the above. 

59. T he number of distinct ma'Limal ideals of the ring Z10625 is 

(A) 2 

(13 ) 5 

(C) 1 

(D) 8 

60, Suppose R is a ring with 1. and x is not a zero divisor in R. Then which of the 
following is TRUE? 

(A) :1: is fl. unit if there is n E Ii such that the principal ideals (xf!) = (xll+1) . 

(B) :r is not a unit if R is infinite. 

(C) x = 1 if there is n E N such that the principal ideals (:1;11) = (x>l+l). 

(D) None of the above. 

v- s<1 
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61. If f E IF'p[x] \ {O}, then which of the following is a suffident condition for f to divide 
xpn _ x for some n E N? 

(A) T he degree of f is not a. multiple of p. 

(B) The degree of f is a. multiple of p _ 

(C) f has no multipl e roots. 

(D) None of the above. 

62. Let k be a field and j ,g E k(X] \ {O } be irreducible polynomials of degree n,m 
respectively. Also, let. cr be a roOt of f. Which of the following is TRUE? 

(A) 9 is irreducib le over k[a ] i f g.c.d .(n, rn) = 1. 

(B) 9 is never irreducible over kla-]· 

CC ) 9 is irreducible over k[u] if g.e .d.(n, m) t- 1. 

(D) None of the above, 

I 
63. Let u(x, y) = '210g(x2 + y2) . Then which of the following is T R UE'! 

(A) u is harmonic on JR2 \ {(O,O)}, and 11. is the real part of an analytic function 
f • C \ {OJ -+ C 

(B) u is harmonic on L!(2 \ {(O, On, but u is not the real purt of any analytic function 
f,C\{OJ -+1:. 

(e) 'U is the real part of an analytic fUll(;tioll f : C \ {O} -t C, but u is not harmonic 
on N' \ {(a, O)j. 

(D) :\one of the above, 

64. Assume p : [0,1 J -t [1, 2J is a C1_map, and q, s . [0,11 -t [1,21 are continuous. Con
sider the eigenvalue problem 

{ 

-(py')' + (q + ),,)y ~ 0, x E (0, I) 

y'(O) ~ a ~ y'( I). 

T hen the set of all eigenvalues of this problem is a. subset of 

(A) the imaginary axis of C 

(B) [I , 2[ 

(e) [a, I] 

(D) (-oo,O[ 

65. Consider J[yJ = fO'({yl)2 - y2)dx, y(O) = 0 = y(r.). Then which of the following is 
TRUE? 

(A) There are no extrema.ls of J, 

(B) There are more than one but. only finitely many extremals of J. 

(C) T here are infinitely man}' extremals of J. 

(D) There is a unique extremal of J. 



66. Let u be a solution o{ 

Then lim u(O, t) 
t-+O+ 

(A) is equal to 1/ 2 

(B) is equal to 1 

(C) is equal to 0 

(0) does not exist. 

ut(x, t} = u=(x, t), x E JR, t > 0, 

u(x, 0) = 1 if x :?: O. and u(x,O) = 0 if x < O. 

67. Let n be an open disc in R2 and aD. be its boundury. Then the problem 

{ 

-t>u ~ f in n, 
o 
a~ = 9 on an, 

(A) 8. unique solution for every cOIlt,iIlUOU::; f a.nd g. 

(B) only finitf>.iy many solutions for every (;Q1lt.inUOl1S f and g. 

(C) only finitely many solutions whenever In fdxdy + ,fan gdc = O. 
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(0) infinitely many solutiolls whenever In fdxdy + j8ngdc = 0 and 1,9 are continu
ous. 

68. Let f : R --+ 1Ft be Lipschitz continuous. Assume that the set {x E JR : f(x) = O} is 
neither bouuded above nor bounded below. Theu every solution of y' = f Cy) is 

(A) bounded above but not bounded below. 

(B) bounded below but not bounded above. 

(C) bounded 

(0) neither bounded above nor bounded below. 

69. Consider the sys tem y l(t) = A(t)Y(t ), t > 0, where A: !O, (0) -t Mn(IR ) is continuous . 
Let. clJ and ~ bfl a solution matrix and fundament.al mat·rill: of t.he Syst8111 r ('~~pect ivdy. 

Then which of the following is T RUE? 

(A) >Ii = Cl' for some C E GLn (R) 

(B) C1lr is also a fundamental matrix whenever C E GLIl(IR) 

(C) ':Il is a non-singula.r matrix 

(D) qlW" is a solution m:l.tl"ix 

70. A complete integral of xuAx, y)tLy(x, y) + yu~(x,y) = 1 is 

(A) (u + b)' ~ 4(ax + y) 

(B) u2 =4y+ax+c 

(C) 4,,'+ax+I>y ~ O 

(0) (u + ax)2 ~ be 

\J -S, 


