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NOTATIONS

N {1, 2, 3, ---}, the set of all natural numbers.

Z {0, £1, £2, --}, the set of all integers.

Q Set of all rational numbers.

Q' Set of all positive rational numbers.

R Set of all real numbers.

C Set of all complex numbers.

R" n-dimensional Euclidean space. {(x4, Xp, ooy X)) i X ER,1 <k <n}.

8 Group of all permutations on n Qistinct symbols under composition of
mappings.

Z, Group of congruence classes of integers modulo n.

Z[i] {a+ib:a,beZ} the Gaussian integers.

z[J-5] {a+by-5 :a,bez).

R[x] Set of all polynomials with coefficients in R.

Q[x] Set of all polynomials with coefficients in Q.

Z[x] v Set of all polynomials with coefficients in Z,.

wt - Orthogonal complement of W.

?, fl? Unit vectors having the directions of positive x, y and z axes in three

dimensional rectangular coordinate system.

1. Which one of the following expressions is the n-th derivative of * sin x ?

(A) 2"e*sin (x + "4—") B) 2"e*sin (x + ';—“J
(C) 2™ e*sin (x + 'L—n) D) 2™ eXsin (x + %)
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x2 - 8x +12

Which one of the following is true for the function f(x) = 7 ag
x .

(A) The line x = 6 is the vertical asymptote and there is no horizontal asymptote
of f.

(B) The line x =— 6 is the vertical asymptote and the line y = 1 is the horizontal
asymptote of f.

(C) The line x = 6 is the vertical asymptote and the line y = — 1 is the horizontal
asymptote of f.

(D) Theline x =6 and x =— 6 are the vertical asymptotes and the liney = 1 is the
horizontal asymptote of f.

Choose the correct option for the following integrals :

1= [ sinx) dxand J = [ cos?(x) dx 2
g 0 0

A) I<J B) I=J

C) 1>J (D) 1-J=

A

Which one of the following statements is correct for the function :
f(x) = xe > (xeR) ?
(A) fis always concave down
(B) fis always increasing and has no inflection point
(C) fhas exactly one inflection point at x = 1 and is concave up when x> 1
(D) fhas exactly two inflection points at x = 0, x = 1 and is concave up between
x=0,x=1.
The volume of the solid of revolution generated by rotating the region about the

x-axis between the graph of f(x) = Jx and the x-axis over the interval [1, 4] is :

151 .3 15 .3
(A) Tumt (B) 2 unit
(C) 15munit® | (D) 20m unit®
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10.

1.

. 3 :
If the motion of a particle is given by F)(t) =(4cost, 4 sint, & tz), then what is the

tangential component of the acceleration of the particle att=n ?

4

A 0 o
B 16

© 5 D) .=

Letp, q, r be propositions and the expression : (p — q) — r be a contradiction. Then
the expression (r— p) > qis : ‘
(A) Atautology (B) A contradiction

(C) Always true when p is false (D) Always true when q is true

If 5 divides an integer n, the remainder is 2. What will be the remainder, if 7n is
divided by 5 ?

(A) 4 B|) 3
(C) 2 (D) 1
What is the digit in the unit’s place of the integer gole
(A) 2 B) 5
< 7 (D) 8

If G(x) is the generating function of the sequence : 1,0, 1, 0, 1, 0, ...., then which one
of the following is true ?

A) G@2)=-3 | B) G(1)=0
(C) G(0)=-1 (D) G(-1)=1
For a system of linear equations : Ax = b, where Aisam x n matrix, bisam x 1

column vector and xis a n x 1 column vector of unknowns, which one of the following
statements is false ?

(A) The system has a solution, if the rank of the matrix : Ais same as the rank ofthe
augmented matrix : (A|b)

(B) Ifm<nandb is the zero vector, then the systerh has infinitely many solutions.
(C) Ifm=nandbis anon-zero vector, then the system has a unique solution.

(D) Kfm=n,bisthe zero vector and rank(A) = n, then the system will have only a
trivial solution.
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12.

13.

14.

15.

16.

For what range of the values of a, the eigenvalue(s) of the matrix (2 1) is/are
: o

positive ?

(A) a<-3 B) o>-2

(C) a>0 (D) «>3

Which one of the following statements is true for any simple connected undirected

graph with more than 2 vertices ?

(A) No two vertices have the same degree

(B) Atleasttwo vertices have the same degree
(C) Atleastthree vertices have the same degree

(D) Allvertices have the same degree

Let G be a connected planar graph with 10 vertices. If the number of edges on each

face is 3, then the number of edges inGis :
(A) 64 | (B) 32
(C) 24 (D) 18

Which of the following statements is true ?

(A) The incidence matrix and the adjacency matrix of a graph will always have the

same dimensions
(B) There exist a simple graph with 5 vertices each of degree 3
(C) The complete graph K, has a Hamiltonian cycle

(D) The complete graph K has an Eulerian path

Which one of the following statements is false ?

(A) ForthesetS=(0,1)Nn{m+n J2 :m, neN}, sup(S) =1andinf(S) =0.
(B) Theset{xe Q' :2< X2 < 3} is both open and closed in Q.

(C) The set of all interior péints of R regarded as a subset of Cis R.

(D) The set of all limit points of the set of all integers Z in R is an empty set.
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17.

18.

19.

For a sequence {a,},.y of real numbers, consider the following statements :

() Givene>0, there exists annyeNsuchthat|a,,,—a,|<evn>n,

1
() Given ¢ > 0, there exists an ny € N such that (7 @ — @, <
n+
gEvn>n,
() Given € > 0, there exists an ny € N such that (n + 1)2 |an+t = agl
<gvn>n,

Which of the statement(s) given above imply the convergence of the sequence

{an} neN T
(A) Only (Il ' (B) Only(l)and (I)
(C) Only(Ilyand (Il (D) AL, (Iyand (111

(=1

Let{a }, (b,} be sequences of real numbers defined by a;=1,a,=a,+ _2T and

® 2an+1 —4a

b, % foreach ne N. Then which one of the following statements is true ?

n
(A) {a,}converges to zero and {b} is a Cauchy sequence.
(B) f{a,}converges to zero and {b,} is not convergent sequence.
(©) {én} converges to a non-zero number and {b} is a Cauchy sequence.

(D) {a;}converges to a non-zero number and {b,} is not a convergent sequence.

For the series given below :

0o IS I

Which one of the following options is correct ?
(A) Both (I) and (ll) are absolutely oonvérgent
(B) (I)is absolutely convergent, but (Il) is conditionally convergent
(C) (I)is conditionally convergent, but (I1) is absolutely convergent

(D) Both (1) and (II) are conditionally convergent
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20.

21.

22.

23.

24.

sin[x]
, I1X]#0
Iff(x)=4 [x] ] , where [x] denote the greatest integer <x, then what is the
0 |[x]=0

value of lim f(x) ?
x—0

A) 0 (B) sin(1)
©) 1 (D) Does not exists
: x® -1 xeQ :
Forthe function f: R — R defined by f(x) = , the number of points of
. 1- x6, xeQ
continuity is :
(A) O B) 2
(C) 4 (D) 6

; o sin(—), X#0. :
The function f(x) = X is continuous, but not differentiable at x =0,

0, x=0
if:
(A) ae(-<,0) B) a=0
(C) ae(0,1] . (D) a€[2, )

Consider the following statements :
1
M fx= 3 is continuous on (0, 1)

m fe)= ——1‘/; is continuous on (1, )
Choose the correct answer from the options given below :
(A) (I)istrue, but (Il) is false (B) (l)isfalse, but(ll) is true
(C) Both (l)and (Il) are false (D) Both (1) and (Il) are true
Let f : [-7, 0] > R be continuous and differentiable on the interval (-7, 0). If
f(-7) =-3 and f/(x) < 2 for all x € (-7, 0), then what is the largest possible value of
f(-1)? '
A) 9 B) 1
(C) 20 (D) 24
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25. lim 3 is equalto:
x—0 X
1 2
w3 ®) 3
© 2 D) 3

2

& ; : 4 —— xz0
2. N 2 anxn is the Maclaurin’s series expansion of f(x) = {1 - cosx for all
i 2, x=0

xe(-1,1),then Y a, . isequalto:

n=0
: 1
® o ® 3
© 2 ©) 1

27. Which one of the following definite integrals is the limit of the Riemann sum

n
2— 4+—- asn— o ?

A) jo‘,/4+xdx (B) jf&dx
©) [:&dx (D) jf,/4+xdx

oo

28. Forthe improper integral f ——— and the infinite series 2 ;,which
(log x)2 n=2n(logn)?

one of the following options is correct ?

(A) The integral converges, but the series does not converge
(B) The integral does not converge, but the series converges
(C) Theintegral and the series both converge

(D) The integral and the series both fail to converge
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29. Consider the following statements with regard to the sequence of functions

nx
1+ nx?

{f.} <y defined by f (x) = (x>0):

() The sequence {f.} is uniformly convergenton (0, 1).
() The sequence {f } is uniformly continuous on (1, ).
() The sequence {f,} is uniformly continuous on (0, ).
Pick out the correct answer from the options given below :

(A) (I)and (lll) are false, but (Il) is true

(B) (I)and (lll) are true, but (ll) is false

(C) (I)and (Il) are true, but (1ll) is false

(D) (I)and (Ill) are false, but (1) is true

30. If2"-n<a,<2"+nforallneN, thenthe radius of convergence of the power series

(A) 2 |) 1

©) 3 (D)

PN

31. Consider the following statements :

() Zwiththe metricd(x,y)=|x-y|(x,y€Z)isa complete metric space.

() N with the metricd(x, y) = Xy (%, y € N) is a complete metric space.

#
() R with the metric d(x, y) = { z (%, y € R) is a complete metric

0, x=
space. '
Choose the correct answer from the options given below :

(A) Only (Il) is false (B) Only (l) and (Il) are false

(C) Only () and (lll) are false (D) All(l), (1) and (Ill) are false
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32.

33.

35.

Consider the following statements :
() A continuous map between metric spaces preserves convergent
sequences.

()  Acontinuous map between metric spaces preserves Cauchy sequences.
() A continuous map between metric spaces preserves completeness.
Which of the above statements is / are true ?
(A) Only(l)and (Il) are true (B) Only (Il) and (Ill) are true
(C) Only(l)istrue (D) Only (lll) is true
Let (X, d)and (Y, p) bé metric spaces. If f: X — Y is a homeomorphism, then which

one of the following statements is false ?
(A) IfXis complete, thenY is complete

(B) IfXis compact, then Y is compact A
(C) IfXisconnected, thenY is connected
(D) IfXis separable, then Y is separable

Consider the following statements for a discrete metric space (X,d):
N0 Every function from X to any other metric space is continuous.
() If Xis uncountable, then (X, d) is second countable.
()  No proper subset of X is dense in X. :

In view of the above statements, which one the options given below is true ?

(A) Al (1), (1), (1) are false ' (B) Only (1) and (Il) are false
(C) Only (I1)and (lll) are false (D) Only (ll) is false
x%y

P T A 0,
For the function f : R? — R defined by f(x, y) = { x* + y? (x,y) #(0,0)

0, (x,y)=(0,0)

which one

of the following options is true ?
(A) fis continuous at (0, 0) and both the partial derivatives of f exist at (0, 0).
(B) fis continuous at (0, 0) and both the partial derivatives of f exist at (0, 0).

(C) fis continuous at (0, 0) and one partial derivative of f does not exist at (0, 0).

(D) fis not continous at (0, 0) and one partial derivative of f does not exist at (0, 0).
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36.

37.

38.

39.

40.

A direction in which the directional derivative of the scalar function :

f(x, y, z) = xy + yz + zx at the point (1, 2, 3) is zerois :

A A A T
A) i+j-k (B) 2i-j+k

B Aok R
() i+j-3k (D) i+2j-4k

Which one of the following statements is true for the function
f(x,y) = 3x-x3—2y2 +y4 ?

(A) fhas one local maxima and one local minima.

(B) fhas two saddle points and one local minima.

(C) fhas two saddle points and two local maxima.

(D) fhas two saddle points and one local maxima.

LetT)=x'i‘+yli\+zﬁbeavectorﬁeldonR3andr2=—r) .7)=x2+y2+12.Thenwhichone

of the following options is false ?
(A) Laplacian of ; is % ; (B) Gradient of Pis2T
(C) Divergence of T is 3 (D) Curlof T is zero

The value of the integral H 3x dAover the region R={(r, 0):r[1, 2],0€[0, n]}is:
R

(A) 2n B) =

-

(©)

N a

(D) 0

If C is positively oriented circle X2+ y2 = /2, then the value of the integral

[ (6213 y2018 + 2014y)dx + (*°'® y**'° + 2017x) dy}is :
C

(A = (B) 3=

(C) 6n ; (D) 12n
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41.

42.

Which one of the following statements is not necessarily true ?

(A) Avector field is conservative, then its curlis zero.

(B) Allirrotational vector fields are mnwwaﬁe.

(C) A vector field is conservative, if it is equal to the gradient of some scalar
function.

(D) Thé line integral of a conservative vector field along a closed curve is always

Zero.

On which of the following sets, the vectors (1, x, 0), (0, X, 1),(0,1,x)in Riare linearly

independent ?
(A) {xeR:x=0} (B) {xeR:x#0}
(C) {xeR:x=1} (D) {xeR:x#-1}

Let V be the vector space of all 2 x 2 matrices over R. Consider the

subspaces W, = {(: > da) :a,c,de R} and W, = {(—aa :):a, bde R}. If

n=dim (W, + W,) and m = dim (W, " W,), then a possible value of (n, m) is :
@ G2 (B) 4.2
© @“3 ©® @.1)

Consider the vector space R? over the field R. If {(2, 1), (3, 1)} is a basis of R?, then

its dual basis is :
(A)  fy(x, ¥) =x-3y, f(x,y) =x+2y (B) fy(x, y)=x+3y, fyx,y)=x-2y

(©) 106 y)==x+3y,f(x, y) =x+2y - (D) fixy)==x+3y,flx,y) =x-2y
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45.

46.

47.

48.

For an n x n matrixA, which one of the following statements is false ?
(A) Aisdiagonalizable, if it has n eigenvalues, counting multi'plicities
(B) Aisdiagonalizable, if it has n linearly independent eigenvectors

(C) Aisdiagonalizable, if the sum of the dimensions of its eigenspaces equals to
n

(D) Aisdiagonalizable, it its minimal polynomial has no repeated roots.

Tl
Ifthe matrixA= |0 4 -2 | satisfies A" =A%+ KA + 11 I, where k is a constant
g1 9

and iis the unit matrix, then the value of k is :
A) 7 B) 5
€ -2 (D) -6
Let n> 1 be afixed integer. Which one of the following defines an inner product on
the vector space of n x n real symmetric matrices ?
(A) (A, B)=det(AB) (B) (A, B)=tr(A) +tr(B)
(C) | (A, B)=tr(AB) (D) (A,B)=tr(A) -tr(B)
On the inner product space R* with the standard inner product, consider the following
statements :
() KW=span{(1,0,0,0),(0,0,1,0)}, then W =span{(0, 1,0,0), (0,0, 0, 1)}.
m KWW={xyzwe R*:x= z}, then dim(W4 is 2.
Which one of the following options is true ?
(A) (I)istrue, but (Il) is false (B) (I)isfalse, but(ll) is true

(C) Both (l)and () are true (D) Neither (1) nor (Il) is true
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49. Consider the following collections of 2 x 2 matrices :

G1={(: 2):a,b,c,deZ,ad—bc=-—1}

G,= {(: 2):a, b,c,d e Z ad - be =1}

G3={(a ZJ:a,b.c,deZ.ad—bc=:t1}

Which one of the following options is correct ?

(A) G, is agroup under matrix multiplication.

(B) G, is notagroup under matrix multiplication.

(C) G, and G, are groups under matrix multiplication.

(D) G, and G,are groups under matrix multiplication.

50. Which one of the following statements is false for a group G of order 45 ?
(A) Z(G)={e} (eisthe identity element of G)
(B) G has anormal subgroup of order 9
(C) Ghasa unique 5-Sylow subgroup of order 5

(D) GisaAbelian group

51. Forwhatvalue of o, the set G={a, 1, 3,9, 19, 27} is a cyclic group under multipiiwtion

modulo 56 ?
(A) 5 : : (B) 15
(C) 20 (D) 25
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52. Let G be afinite group containing a subgroup of order 7. If no element (other than the

53.

54.

55.

identity) is its own inverse in G, then what could be the order of G ?
(A) 42 (B) 37
(C) 35 (D) 28
Consider the following statements :
() Number of automorphisms of S, is 3
() Maximum order of an element of S is 3
()  Numberof conjugate classes of S is 3
Which of the above statement(s) is/are true ?
(A) Only(l)and (Il) (B) Only(il)and (li)
(C) Only() e (D) Only(lh
Which one of the following is true for the ring R = Z[s/—_."; ] with usual addition and
multiplication ?
(A) Risanintegral domain (B) Rs a principal ideal domain

(C) Risaunique factorization domain '(D) R is a Euclidean domain

ForthesetS={a+ib:a, beZ,biseven}, which one of the folldwing statements is
true ?

(A) Sisboth a subring and an ideal of Z[i]

(B) Sisasubring of Z[i], but not an ideal of Z[i]

(C) Sis neither a subring not an ideal of Z[i]

(D) Sisanideal of Z{i], but not a subring of Z[i]
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56.

57.

58.

59.

The number of ring homomorphisms from Z,, to Z,g is
A 2 B) 3
©) 4 ' (D) 6

Which one of the following is true ?

(A) x*+1isirreducible over Z,, but not over Z,
(B) x? + 1 is reducible over both Z, and Z,

(©) x? + 1 is reducible over Z,, but not over Z,

(D) x? + 1 is irreducible over both Z,and Z,

Consider the following statements :

() The function f(z) = x* + y? + 2i xy (z = x + iy) is differentiable everywhere

except at points that lie on the x-axis.

() The function f(z) = Log(iz) (z = x + iy) is differentiable everywhere except

at points on the ray givenbyy >0, x=0.

Which one of the options given below is correct ?

(A) (I)is correct, but (Il) is false (B) (I)is false, but (ll) is correct

(C) Both (l) and (ll) are correct (D) Neither (1) nor (ll) is correct

If the power series 2 a,(z + 3—i) converges at 5i and diverges at —3i, then which
k=0 ;

oneofthe following statements is true ?

(A) The power series converges at 2 — 3i and diverges at—2 + 5i
(B) The power series converges at both 2 — 3i and - 2 +5i
(C) The power series converges at — 2 + 5i and diverges at 2 — 3i

(D) The power series diverges at both 2 — 3i and — 2 + 5i

GO -5/16 : (17) (Tum over)



60. Which one of the following statements is true for the Mobius transformation

(A) Tmaps{zeC:Im(z)>0}to{zeC:Im(z)> 0}
(B) Tmaps{zeC:Im(z)>0}to{zeC:Im(z) <0}
(C) Tmaps{zeC:Re(z)>0}to{zeC:Re(z)<0}

(D) Tmaps{zeC:Re(z)>0}to{z eC:Re(z)>0}

15
61. Iffi)= 3, 2"forzeC, thenthe value of the integral j z)dz is :
n=0 |Z q 2 )

(A) 3(1-15i) (B) 1+ 15i

(C) 3(14 - 15i) (D) 14+ 15i
62. For an entire function f, whict" one of the following statements is not necessarily

true ?

(A) Iffis bounded on {z € C: Re(z) <0}, then f is a constant function.

(B) Iff has a pole at infinity, then fis a polynomial

(C) Iff has a removal singularity at infinity, then fis a constant

(D) Iffdoes not have an essential singularity at infinity, then fis a polynomial
63. If 2 a,(z+ 1)" denote the Laurent series expansion of f(z) = sin (z 8 1) about the

n=-o00
pointz=- 1, then the value of a_s is equal to :
sin(1
) ] | 0
2
cos(1 sin(1
(C) o ) (D) cos(1) + V]
6 : 2
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65.

66.

67.

68.

Consider the following assertions :

' 3 1 S
() Residue of z° cos (?) atoois 3
(N I|z|=1 Z3 cos (%) d?=_ni_
Pick out the correct option ?
(A) (I)istrue, but(ll) is false (B) (I)is false, but (ll) is correct
(C) Neither (1) nor (ll) is true (D) Both () and (ll) are true

Choosing x; = 1 and x, = 2 as the initial approximations in the Secant method, the
approximate root of the equation x* - 2x— 5 = 0 in the second iteration (i.e., x,) is

equalto:
A 1.93 (B) 2.05
(C) 227 (D) 264

1 12
An iterative scheme given by x,,, = 3(1 8- X—J n € N U {0} with suitable x, will :

n

(A) Convergeto2 (B) Convergeto 1.8
(C) Convergeto1.5 (D) Notconverge

While soMng the system x—2y = 1 and x + 4y = 4 by the Gauss-Seidel method, which
one of the following is the first iterative solution ?

(A) x=0.25;y=0.75 (B) x=0.25;y=1

(C) x=1;y=0.65 (D) x=1;y=0.75

For what values of the constants o, B and y, the quadrature formula :
1

| p()dx =0 p(=1) + B p(0) +yp(1)
-1

is exact for a polynomial p of degree at most 2 ?
2 4 1 4
(A) o= .ﬁ-3andv-—§ (B) a= ,B—g ndy=

1 3
©) a=z.p=Zandy==
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69. The smallest degree of the polynomial that interpolates the data (0, 4), (1, 5), (2, 8)

70.

71.

e

and (3, 13)is:
A) - 4 e B) 3
€) 2 (D) 1

The second order Newton’s divided difference of the function f(x) = X% atthe points
Xg, Xq @nd X, is :

A = B) 1

(C) (D)

X4 — Xg : X3 = X4
A second degree polynomial p satisfies p(0) = 1, p(1) =4 and p(2) = 15, respectively.

2
If the integral : j p(x) dx is to be estimated by applying Trapezoidal rule to
0

this data, then what is the error (i.e., true value-approximate value) in this

estimate ?

T 2
(A) 3 _ (B) 5
4 7
(C) R (D) %

d
For the initial value problem = a—z— x+vy;y(0)=1, the value of y(1.1) according to the
Euler's method (takingh=0.1) is :
(A) ‘ 0.1 i (B) 0.3

(C) 07 ek 1.1
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73. Let y(x) be a solution of the differential equation % + 2y = §(x), where ¢(x) =

b OSXET e et f(é)?
0 otheiwies’ y(0) =0, then what is the value o y 2

2 2

e +1 e -1
A B
(A) 20% (B) ’ =

2 2

e -1 e’ +1

D

© 2¢e° ©) 2e

74. If cos(x) is the integrating factor of the differentiall equation % +P(x)y = Q(x), then

the value of P(x) is :
(A) log(cos x) (B) —tanx
(C) log(cosx) (D) cotx
75.  On which of the intervals a solution to the following initial value problem :

-ty +2ty=32; y(1)=-3

is guaranteed to exist ?
(A) (-,-2) (B) (2, )

76. Which one of the following options is correct for the solution y(x) of the differential
equation x’y” — 5xy’+ 9y = 0 (x> 0) ?
(A) y(x)is bounded on R.
(B) y(x) > 0asx— oo,
(C) Ify(1)=1,theny(x) > asx— 0.

(D) Ify(1)=1, then y(x) — o as x — oo,
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77. Which one of the following could be the form of a particular solution that could be

78.

79.

80.

used to solve the differential equation y”’ + 3y = t’e? by the method of undetermined
coefficients ? '

(A) Yo = eZt(at2 +bt +c) (a, band c are real numbers)’
®) y,= e"’t(at3 +bt?+ct+ d) (a, b, cand d are real numbers)
(C) Yp = e2t(at2 + bt) (a and b are real numbers)

(D) y,=ae?(bt?+c)(a, band care real numbers)
P

The general integral of the linear partial differential equation (PDE) : p—q =log(x +y)

is:
(A) ¢(xy.%)=0 (B) o(xy,x*+y*+z%)=0
©) o(x+y,xlogx+y)-2)=0 ) ¢[izy-.";y)=o

?%u e . il ~au
The PDE — =25 —- satisfies the condition : u(0) = 3x and —(0) = 3. The
ax at ot

solution of the PDE at the point (x, t) = (1, 1) is:
A 2 Ba =

(C) 5 ; (D) 6

Which one of the following options is true for the PDE :

ox?

(A) The PDE is elliptic in R?

2
(x3—1)a—L2|=0?

(B) The PDE is parabolicin {(x, y) € R?:x<0}
(C) The PDE is hyperbolicin {(x, y) € R%:x>1,y>0}
(D) The PDE is parabolicin {(x,y) € ]R_2 : x>0}

e
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SPACE FOR ROUGH WORK
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