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1. The dimension of the vector space 3. Consider the vector space R® and

=M= : = f,g: R R*defined b
V-{M-(ai].]n,",aije E.ail——aji) the maps f, g : R” — R" defi y
over the field R is : fix, y. 2) = (x, v, |z]) and g(x, y, 2) =

(x,y+1,z=1). Then:
2
oy 2‘1 (A) gislinearbutnotf
(B) fislinearbutnotg
(B) n’-n (C) Bothfand gare linear
. (D) Neither f nor gis linear
2
(C) ";1 4. If the nullity of the matrix
m 1 2
2
o T 1 -1 -2 |51 thenthe value
2 1 1 2022
r ofmis:
100 R
2 fA=|1 0 1| thenA!®is:
010 B) 1
. c) -1
100 ©)
(A) |50 1 0 (D) 2
50 0 1
1 00 1 0 0
(8) (100 1 0 s wa=li ~1+i3 0 | then
100 0 1 2
0 143 VB
B 0 0] L 2
U e the trace of A2%%% js ;
98 0 1]
(A) 3
1 00 ®) 0
D) [49 1 0
(49 0 1] (C) 1
(D) 2
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Let T : R?® - R? be such that
T'(x)=0, forallxe R??, then :

(A) 6<Nuliityof T<12
(B)
(€)

(2)]

7<Nullityof T<15
8<Nullityof T<14

None of these

Let T : R? - R? be such that
T(a, b) = the reflection of (a, b) in the
line y=tan o, then :

(A) T(a, b) =(a cos a - b sin a,
bcosa+asina) 1
(B) T(a,b)=(acos2a-Dbsin 2,
a sin 2a + b cos 2a)

(C) T(a, b)=(acosa+bsina,
b cos a—a sin a)

(D)

T(a, b) = (a cos 2a + b sin 2,

a sin 2o—b cos 2a)

LetAbea2x2 urmnénnal matrix of
trace and determinant 1. Then, the
angle between Au and u(u = [0, 1])
s

(A) 60°

(B) 90°

MJ - 5A/12

(3)

10.

1.

(C) 30°
(D) 45°
Consider the following statements :
(i)
(i)
(A)

Isinz|]<1,forallze C

f(z) = |z/° is analyticin C
Both (i) and (ii) are true
(B) Both (i) and (ii) are false
(C) Only (i) is true

(D) Only (ii) is true

Let C be the circle defined by |z] = 3
in the complex plane, described in
the anti-clockwise direction. Then

dz is:

J»ZIZ—Z—'Z

o z-2

(A) 0
(B) 4xi
(C) 4=
(D) 8ni

LetE={xe C:|z|> 1} u{i}. Then:
(A) EisopenbutnotclosedinC
(B) Eisclosed but notopeninC
(C) Neither open norclosed inC

(D) BothopenandclosedinC

(Tum over )



12. Consider the following statements 15. The number of coefficient in a most

(i) Every analytic function in the general form of a homogeneous
extended plane is constant, cubic which is harmonic as well is :
(i) Iff)isanentrefuncionsuchthat @ 2
f(z) = u+ivand u? +v? <2022, (B) 1
Then f(z) is constant. (C) 4
(A) Both (i) and (ii) are false (D) 3
(B) Both (i) and (ii) are true 16. Principle value of i'is -
(C) Only (i) is true (A) e
(D) Only (ii) is true (B) 1le
13. The mappingw=2"—2z-3is: (C) e‘?i
(A) Conformal everywhere "
D) o2
(B) Not conformal at z = -1 and
z=-3 17. The bilinear transformation which

maps z= 1, i, 2 + i of Z plane onto
the pointsw =i, 1, <« of W plane is :

(C) Conformal with |z| =1

(D) Notconformalatz=1
(2+i)z—(2i+1)

14, The residue of the function z—(2+1)
1+2z :
f(z2)= 2.3 aty=0is: (2+0z+(2i+1)
Z'+y z+(2+i)
A 0 '
© (2-D)z+(2i-1)
B) 1 z+(2-1)
(C) 2 (2-iz-(2i-1)
0 © 5 @)
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18. If ot is an eigen value of nonsingular

matrix A_, , then an eigenvalue of
Adj(A) is :

(O
(B) a
© o

IAL
o

(D)

1 -2020 -2019

19. LetA=|0 -2 2021 |, then
0o 0 —1
|Adj Adj Adj (A)] (Adj (A) = adjoint
of A)is:
(A) 512
(8) 64
(C) 256
(D) 729
[0 0 0 0 -1]
1000 -
20. LetA=|0 1 0 0 -1| thenthe
0010 -1
0 00 1 1]
characteristic polynomial of A is :
(A) == —x—1
MJ — 5A/12

21.

22.

23.

B) ¥ +xt e+ +x+1
€) L+x-xC+-x-1
D) L+xt+x+x2+x—1

1 -2 3

LetA=|—2 1 4| and Aisan
3 & 2

eigenvalue of A, then :
(A) —6<A<9

(B) 6<A<9

(C) 7<A<9

(D) 0<A<9

1+s -8
IfA-—-[s 1_sl.mene“s:

(A) e
(B) A
(C) Ae

(D) Ae+l

The bilinear transformation

2019z + 2020 |
N TETE T T R b

w

(A) z=0
B) z=-<
(C) z=2
(D) z=e

( Turn over )



24. The image of the closed half disk s?_a2

l2] < 1, Im(z) > 0 under the bilinear ® (Zra?y

z
transformationw=——is:
1+2 as

(C)
(A) uz1andv<0 (6 +o)f

(B) u<i12andv=0 2

s 8 +a2
(C) u<Oandv=1/2 (©) (s? +a%)?
(D) u=0andv<1/2
28. Let pf ) {D forx-:a_rh
s E Pix—a) = en
25. Theintegral -[u E%dx is - 3 forx=a
Lip(x—a)]is:
(A) 2n
3e @
(B) = (A) =
i ®
(D) %4 s
< 2n cosf : SEH
26. The integral Iu e " cos(sinB)do 2
s
is:
~53
i o
- ©) 3s
B) =
(C) w2 29. The Laplace transformation of Unit
(D) None ofthese Impulse function is :
R
27. The Laplace transformation of
{B} Eﬂm’ﬂ
L[xcos ax]is: :
(C) e™®@
2as
{A] {524‘32}2 (D} 352
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30. Ify”+2y +y=1suchthaty(0)=2

3.

andy(0)=—2.ThenL[y]is:

4
(s-1?

A
) s s-1

4
(s-1?

1 1
Bt

1579 1

s s+1 (5-1,-1)2

1
(s+1)°

[ s
& alsit

Suppose a group contains elements
a and b such that |a| = 4, |b| =2 and
a’b = ba. Then Jab] is :

(A) 2

(B) 4

(C) 8

(D) 1

The number of abelian groups (upto
isomorphism) of order 360 is :

(A) 4

(B) 6

(C) 8

(D) 10

MJ —5A/12

(7)

33.

35.

Let G be any group and H be a
normal subgroup of G. In the factor
group G/H given that aH = bH, then :
(A) aldivides |b]
(B) lal=|b]always

(C) 3a,bsuchthat|a]#|b|

(D) bl divides [a

Suppose that ¢ is a homomorphism
from Z, to Z,, and Ker ¢ = {0, 10,
20}. If §(23) = 9, then ¢(9) is the set:
(A) {13,23}

(B8) {23}

(€ {3.13}

(D) {3,13,23}

The number of onto homomorphisms
from Z, o Z,gis -

(A) 10

(B) 8

(C) 6

(D) 4

(Tum over)



36.

37.

Let G = GL(2, R) and let K be a

subgroup of R*. ThenH={A € G|

det(A) e K}is :

(A) A cyclic subgroup of G

(B) A normal subgroup of G

(C) Onlyasubgroup of G

(D) Notanormal subgroup of G

Let R be a ring of continuous functions

fromRtoRandI={f(x) e R|f(0)=0}.

Then:

(A) Iisamaximalideal ofR -

(B) Tisnotamaximal ideal of R

(C) Iis both prime and maximal
ideal of R

(D) 1is maximal but not a prime

ideal of R

Singular solution of the differential

_ (dyY? [dy) :
uation | — — |x-y=0is:
g (dx) ; dx Y I

(A) l::3+cx—yr=ﬂ
(B) 27y +4x°=0
(C) 4C+27y*=0

(D) y=5x+125

MJ - 5A/12

(8)

30. letay(x)y"+a,(x)y +a,y=0bea

second order differential equation,
and k, and k, be the solution of its
indicial equation such that k, = k.,
Theny = Ay, + By, is the complete

solution if

(A) ¥y = (V) = ygakp) @

n=(5)
2 \ox k=ky(=k2)
(B] Y= {?)hg kq(=k2) = Af.l + sz

{C} ?1 = {ybk =ky(=ks) and

2= [%Jhk,{:kﬂ

(D) None ofthese

Let y,(x) = 1 — x and y,(x) = e*
be two solutions of y"(x) + P()y'(x) +
Qx)y(x)=0. Then P(x) = :I

L

+X
@ (%)
(C)

) —=



41.

42,

The eigenvalue of the boundary
value problem y”(x) + Ay(x) = 0, y(0)
=0andy(n) +y(n)=0is:

(A) A+tan JAm=0

(B) A +tanin=0
(C) A+tanin=0

(D) JA +tan Jin=0

Let M be 2x2 matrix with real
entries. Consider the linear system

of ODE given in the vector rotation

dx(t)

gt = Mx(®) and x(t) = [u@®), v,

then pick out the case when

Jim u(t) =0, im v(t)=0 :
5 11

o uel3 1]

(B)

M=

(C) M=

(D) M= 1

MJ - 5A/12

(9)

43. Let u(x, t) be the solution of

45.

Uy-u = 1,xe R, t>0with u(x, 0) =0,

11
ut(x, 0)=0,xe R. Then, u [5-5] is

equalto:

(A)

0|

®)
© -5

©
The initial value problem u +u = 1
u(s,s)=sins,0<s<1has:

(A) No solution

(B) Infinitely many solutions

(C) A unique solution

(D) Two solutions

Let the partial differential equation
du + ui‘“_ =0 satisfying the initial
gt  dx

condition u(x, 0) =38 + Ax. Ifu(x, t) = 1
along the characteristic x = t + 1,
then :
(A)
(B)
(C)

(D)

6=2,1=0
d=1,1=1
6=0,A=1
8d=0,L=0

( Tum over)



46. The solution of Cauchy problem

47.

48.

uw(x. y) - un[x. y) = 0; u(x, 0) = 0,
uy{x. 0)=xisu(x, y)="?

A xy+

y
(B) x

X
© 5

(D) None of these

The unique solution of the system of

three congruences
x=2(mod 3)
x = 3(mod 5)
x=2(mod 7)
IS :
(A) 233 =23(mod 105)
(B) 233=23(mod 3)
(C) 233=23(mod 5)

(D) 233=23(mod7)

The system of linear congruences
7x + 3y = 10(mod 16)
2x + 5y =9(mod 16)

has:

(A) Unique solution

MJ — 5A/12

49,

(10)

(B) Two solutions
(C) Infinitely many solutions
(D) Nosolution

Let p be a prime, consider the

following two statements :

() p/nP+(p—1)!nforanyintegern.
(i) plp—1)!nP+nforanyintegern.
Then:

(A) Only (i) is true

(B) Only (i) is true

(C) Both (i) and (ii) are true

(D) None ofthese

Let V = (G, E) be a directed graph.
Then which of the following has the
same connected component as G
has:

(A) G,= (V. E,), where E= {uve
E,|vue E}

(B) G,=(V.E,) whereE,={uve
E,|vue E}

(C) G3={V: Es).MHEEf{WE Ea}
if there is a path of length < 2
betweenuand v

(D) G, = (V,, E), V, is a set of
vertices which are not isolated

Contd.



51.

52.

In a connected graph, which of the

following is true ?

(A) Every regular graph is not
cunne_:cted.

(B) Every pair of vertices may not
have a path between them.

(C) A bridge cannot be a part of
simple cycle.

(D) A graph with bridges cannot.

have a cycle.
The maximum number of edges ina
bipartite graph of order 12 is :
(A) 18
(B) 36
C) 12
(D) None of these
A graph is cyclic with n vertices and
is isomorphic to its complement.

Thenthe value of nis:
(A) 4
B) 3
(C) 2

(D) &

MJ - 5A/12

(1)

54.

85.

The number of edges in a regular

graph of degree d and n vertices is :
(A) max{n,d}

(B) n+ d

(C) nd

(D) ndf2

The maximum degree of any vertex
in a simple graph with n vertices is :
(A) n

(B) n+1

(C) n-1

(D) 2n

How many non-isomorphic graphs
are possible with 6 vertices and
6 edges and degree of each vertex
is27?

(A) 2

(B) 4

(C) 6

(D) 8

(Turn over)
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57. A non-trivial graph G is bipartite if :

58.

89,

(A) G does not contain an odd

cycle

(B) G contains an odd cycle

(C) G does not contain an even
cycle

(D) G contains an even cycle

If uv is a bridge in a graph G, then :

(A) There does not existu—v path
inG

(B) There are many u-v paths in
G

(C) Thereis aunique u—vpathin
G

(D) None of these

Which of the followings are Eulerian

graphs ?

(A) CycleC_forn=3

(B) Complete graph with vertices
n>3and nis odd

(C) Km_n where both m, n are even

(D) Allofthese

MJ - 5A/12

60.

61.

62.

(12)

In full binary search tree every intemal
node has exactly two children. If there
are 100 leaf nodes in the tree, how
many internal nodes are there in the
tree ?

(A) 25

(B) 49

(C) 99

(D) 101

Which of the following statement is

false ?

(A) Every tree is a bipartite graph.

(B) Atree contains acycle.

(C) A tree with n nodes contains
n—1edges.

(D) Atreeisa connected graph.

Which of the following is false 7

(A) Anyproduct of compact space
is compact.

(B) Any product of metrizable
space is metrizable.

(C) Any product of connected

space is connected.

(D) Any product of Hausdorff space
is Hausdorff.

Contd.
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63. Under usual topology in R ifP=

65.

(. X5, X3) € B? 1 xZ + x2 < 1} and
Q = {(x,, X, X;) € R : x, = 0}, then
PnQis:

(A)
(B)
(C)

Closed but not open
Open but not closed
Both open and closed

(D) Neither open nor closed

Let X and Y be topological spaces
and f : X — Y be a continuous and
bijective map. Then, f is a
homeomorphism, if :

(A) XandY are Hausdorff

(B)
(C)

X is Hausdorffand Y is compact

X is compact and Y is

Hausdorff

(D) XandY are compact

Let X be the indiscrete space and
YisaTnspm.lff:X—:Yis
continuous, then :

(A) X mustbe one-point space
(B) Y mustbe one-point space
(C) Y mustbe discrete

(D) fmustbeaconstant

MJ - 5A/12

67.

(13)

68.

A metric space is always .
(A) Separable
(B) Lindelof
(C) First countable

(D) Second countable

InZS[x].Iet[={x2+x+2).manﬂ1&
multiplicative inverse of 2x + 3 + 1in
Z5lx}flis:

(A) 3x+1+I

(B) L+l

(C) 4x+1+I

(D) 4x+3+l1

Letf(x, y) =3 +y° —63(x +y) + 12(xy).

Then:
(A) At (5,—1)fhas a maximum
(B) At(5,-1)fhasaminimum
(C) At (5, —1) f has neither
maximum nor minimum

(D) At(=1,5)fhas a maximum

( Tum over)



69. Letu=f(x, y) and v = g(x, y) have

70.

continuous partial derivatives in a
region R of the xy-plane. A
necessary and sufficient condition
that they satisfy a functional

relation, say F(u, v) = 0 is that the

Jacobian :

A %-:—“‘:r; £0

(8) % =9

(C) g{{i:; is not defined

(D) None of these
If x =rsin 6 cos ¢, y =rsin 0 sin ¢,
Z = r cos 0, then the value of

HXY.2) i equalto

d(r,6,9)
(A) Psino
(B) cos®
(C) rsin®

(D) rcos®

MJ - 5A/12
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72.

Which of the following function
is not uniformly continuous on
(0,17

(A) ¥

(C) sinx

Let s be a sequence of real

numbers on a bounded set S,

where lim infs_ #lim sup s_. Which

of the following is not necessarily

true ?

(A) |ti|11sﬂ does not exist

(B) Frnirrfsnﬂlim sup s,

(C) There exists a convergent
subsequence

(D) s, has infinite number of
dominant terms

Contd.



73.

74.

75.

Which of the following is not true

1
abuutsn=— ?
n

(A)
(B)

(C)

(D)

limsups_= 0
The series X(-1)" s converges
The series s converges

l " ¢=L, for some
nl—r:'ll--zlﬂ“"‘s‘i =

finite L

Which of the following series is

convergent ?

(A)

(B)

()

x"
EF for all x

1
S‘ n+sin(n)

TE1)"n

(D) Zsinn

Let f(x, y) = 4x% — xy + 4y* + Xy +

=

(A)

4 Then:
(0, 0) is the only stationary

point

MJ - 5A/12

76.

(15)

(B)

(©)

(©)

At (0, 0) f has a minimum and

The point (%"g] is a point of

extrema

Let f be a differentiable function,

where all derivatives exist, such that

f(0) = 0, f(0) = 0 and |f"(x)| <M for

all x

. Which of the following is not

necessarily true ?

(A)

(B)

(C)

(D)

M
f{1]£§

0 is neither a maximum nor a
minimum

Ve >0, 38> 0 such that if
x € (-9, 8), then |f(x)| <€
None of these

( Tum over)



77. Let f : R2 - R be defined by

78.

Ay 0.0
PR IS s (xy)#(0,0)
0, (x,y)=(0,0)

Then:

(A) fis differentiable everywhere

(B) fiscontinuous at (0, 0) but not
differentiable at (0, 0)

(C) fisnotcontinuous at (0, 0)

(D) fis differentiable only at (0, 0)
of
Let f : B2 — R be such that 5, and

of
a exist at all points. Then :

(A) All directional derivatives of f

exists at all points of R2

(B) The total derivation of f exists

at all points of R?
(C) Thefunction f(x, y) as a function
of x for every fixed y and f(x, y)
as a function of y for every fixed

x are continuous

(D) fis continuous on R?

MJ - 5A/12

(16)

79. Letf(x,y)= /| xy|, then the value of

80.

81.

f{0,0)and f = (0, 0) s
(A) 0,0

(B) 1,0

(C) 1,1

(D) 0,1

LetF =x + y? + z£ Using Stoke's
theorem the state of the function will
be:
{A} Solenoidal
(B)
(©)
(D)

Divergent
Rotational
Irotational
The surfaceintegral [[7 (9 —3yj)nds
over the sphere x> + y* + x* = 9
is :
(A)

213

(B) 214
(C) 215

(D) 216

Contd.



82. The volume under the surface

83.

2(x, y)=x+yand the triangle bounded

bythelinex=y,x=0, y=1inthe xy-

plane defined by {0 < y < x and
0<x<12}is:

(A) 846

(B) 864

(C) 684

(D) 648

Let {E}} be a sequence of measurable

sets:

(i If E1 c E:z ol nd we have
m(lim E) = limm (E).

(i) WE,2E,2...,andm(E) <o
for each i, thén we have
m(lim E) = lim m(E).

Then:

(A) Only (i) is true

(B) Only (ii) is true

(C) Both (i) and (ii) are true

(D) Neither (i) nor (ii) is true

MJ - 5A/M12

B84." Let {E]} be any sequence of sets.

85.

Then:
@ m(U E)<ZimE)
® me(UE)2 2o mE)

(C) m.'(U;Ei):E;m'(EE]
(D) None ofthese

Let f be any extended real-valued
function such that f(x + y) = f(x) + f(y)
for every x and y. If f is measurable
and finite, then for each x, we have :
(A) f)=0

(B) fix)=1

(C) f(x)=xf(0)

(D) fx)=xf(1)

Let f be a function defined on (0, 1)

0, x is rational
by fX) = lu/x1, xisirrational
where [x] = integer part of x. Then
J:de =
A) 0
| 1
(c) 2
(D) e

( Tum over)



87. For what value of a and §,

88.

89.

the quadrature formula
Eif(x}dx =a f(-1)+f(p) is exact

for all polynomials of degree

<17

A a=1p=1
(8) u%1,ﬁ=~1
(€) a=-1p=1

(D) a=-1,p=-1

One root of the equation e*— 3¢ =0
lies in the interval (3, 4). The least
number of iterations of the bisection
method, so that error| < 10~ are :
(A) 8

(B) 10

(C) 6

(D) 2

To find the positive square root of

a > 0 by solving x* — a = 0 by the

Newton-Raphson method, if

MJ —5A/12

90.

x_ denotes the nth iterate with
Xy >0, X, # Ja , then the sequence
{x". nz1}is:

(A) Constant

(B) Strictly decreasing

(C) Strictly increasing

(D) Notconvergent

The linear programming problem
Max z=x,+x,
s.t. x,+2x,<20
X, +%X,515
X, <6
x1.x22ﬂ
(A) Has exactly one optimum
solution
(B) Has unbounded solution
(C) Has no solution

(D) Has more than one optimum

solutions



i

91.

92.
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The dual of the Linear Programming

Problem

min r.:Tx

s.tAx=b
x=0
is:
(A) maxb'wstA'w=candw>0
(B) maxb'ws.tA'w>candwis
unrestricted
(C) maxb'wstA'w<candwis
unrestricted

(D) maxb'wstA'w<candw>0

If the cost matrix for an

assignment problem is given by

a 0O o mp
B oo O o
oW oo
0O O L a

where a, b, ¢, d > 0, then the value of

the assignment problem is :
(A) 4min{a,b,c,d}

(B) min{a,b,c,d)

(C) max{a,b,c, d}

(D) a+b+c+d

(19)

The value of the integral _[ kdx
(a.b)nQ

(where a, b is any real number and k
is any constant) is :

(A) k(b-a)

(B) b-a

(C) k

O) 0

Let C be the set of all complex
numbers. Define :

0] d1[z1. z2}=min{1. |z1 -zzi}fuf
all Z,,Z,€ C
(ii) dz{z1.zz)=

{ 0 ifz =2,
1zl +12,| iz =2,

(i) dy(z,.2,)=

{“‘“ﬂﬂh 1zl 2 -1+ 122 -1]) 2,22,

0 otherwise
Then:
(A) (i) and (iii) define metricon C
(B) (i) and (iii) define metric on C
(C) Al i), (ii) and (iii) define metric
onC

(D) Only (ii) define metric on C

( Tum over)



95. Let(X.d )bea metric space, where

X is an infinite set and for each

positive integer m, the metric is

0 x=Y
defined asdm{x. y)= m x#y
Then Xis:
(A) Compact

(B) Notcompact
(C) Notcomplete

(D) Notfirst countable

Let X and Y be two metric spaces,
and f : X — Y be a continuous
function. Then ™" is continuous on Y
if :

(A)
(B)
(C)

fis bijective
Y is compact
fis bijective and Y is compact

(D) fis bijective and X is compact

97. Which ofthe following is not correct ?

(i) ThesetNofall natural numbers
with usual metric induced by the
usual metric of R is not

connected.

MJ - 5A/12

(20)

(i) ThesubsetA={xe R:[x> 0}
of R is connected.

(i) The subset A= {(x, y) € R?
3 yz > 4} of R? is dis-
connected.

(iv) Every open or closed sphere
in R" is connected.

(A) ()

(8) (i)

(C) (i)

(D) ()

Consider the Banach C[0, =]
with the sup norm. The norm of the

linear functional p : C[0, n] = R
given by p(f) = [, f(x) sin” x dxis

AN N

A 3

(B) m

(C) 2n

D) 1

Contd.



99. 'LetX=C{-1. 7] wihtheinnenproauc: 100. Let the continous linear operator

1
d H b — dt.
efined by (xy)=[ x(t)y(® T:2—Pbe defined by T(x,, X,...) =

Let Y be the set of all odd functions
(0,%,,0,%3,0,%;, 0, ....).

inX. Then:

(A) Y'i={0} R

(B) Yisthesetofalleven functions (A) TiscompactbutnotT?
inX

(B) TZ?iscompactbutnotT
(C) Yhisthesetofall odd functions
in X (C) BothTand T2 are compact
(D) Y! is the set of all constant (D) Neither T nor T is compact
functions in X

MJ - 5A/12 (21) ( Tum over)
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