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GATE
2024

{1Sc Bengaluru

MA | Mathematics

Calculus: Functions of two or more variables, continuity, directional derivatives, patrtial
derivatives, total derivative, maxima and minima, saddle point, method of Lagrange’s
multipliers; Double and Triple integrals and their applications to area, volume and surface
area; Vector Calculus: gradient, divergence and curl, Line integrals and Surface integrals,
Green’s theorem, Stokes’ theorem, and Gauss divergence theorem.

Linear Algebra: Finite dimensional vector spaces over real or complex fields; Linear
transformations and their matrix representations, rank and nullity; systems of linear equations,
characteristic polynomial, eigen values and eigen vectors, diagonalization, minimal
polynomial, Cayley-Hamilton Theorem, Finite dimensional inner product spaces, Gram-
Schmidt orthonormalization process, symmetric, skew-symmetric, Hermitian, skew-Hermitian,
normal, orthogonal and unitary matrices; diagonalization by a unitary matrix, Jordan canonical
form; bilinear and quadratic forms.

Real Analysis: Metric spaces, connectedness, compactness, completeness; Sequences and
series of functions, uniform convergence, Ascoli-Arzela theorem; Weierstrass approximation
theorem; contraction mapping principle, Power series; Differentiation of functions of several
variables, Inverse and Implicit function theorems; Lebesgue measure on the real line,
measurable functions; Lebesgue integral, Fatou's lemma, monotone convergence theorem,
dominated convergence theorem.

Complex Analysis: Functions of a complex variable: continuity, differentiability, analytic
functions, harmonic functions; Complex integration: Cauchy’s integral theorem and formula;
Liouville’s theorem, maximum modulus principle, Morera’s theorem; zeros and singularities;
Power series, radius of convergence, Taylor’s series and Laurent’s series; Residue theorem
and applications for evaluating real integrals; Rouche’s theorem, Argument principle, Schwarz
lemma; Conformal mappings, Mobius transformations.

Ordinary Differential equations: First order ordinary differential equations, existence and
uniqueness theorems for initial value problems, linear ordinary differential equations of higher
order with constant coefficients; Second order linear ordinary differential equations with
variable coefficients; Cauchy-Euler equation, method of Laplace transforms for solving
ordinary differential equations, series solutions (power series, Frobenius method); Legendre
and Bessel functions and their orthogonal properties; Systems of linear first order ordinary
differential equations, Sturm's oscillation and separation theorems, Sturm-Liouville eigenvalue
problems, Planar autonomous systems of ordinary differential equations: Stability of stationary
points for linear systems with constant coefficients, Linearized stability, Lyapunov functions.

Algebra: Groups, subgroups, normal subgroups, quotient groups, homomorphisms,
automorphisms; cyclic groups, permutation groups, Group action, Sylow’s theorems and their
applications; Rings, ideals, prime and maximal ideals, quotient rings, unique factorization
domains, Principle ideal domains, Euclidean domains, polynomial rings, Eisenstein’s
irreducibility criterion; Fields, finite fields, field extensions, algebraic extensions, algebraically
closed fields

Functional Analysis: Normed linear spaces, Banach spaces, Hahn-Banach theorem, open
mapping and closed graph theorems, principle of uniform boundedness; Inner-product
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GATE
2024

{1Sc Bengaluru

spaces, Hilbert spaces, orthonormal bases, projection theorem, Riesz representation
theorem, spectral theorem for compact self-adjoint operators.

Numerical Analysis: Systems of linear equations: Direct methods (Gaussian elimination, LU
decomposition, Cholesky factorization), Iterative methods (Gauss-Seidel and Jacobi) and their
convergence for diagonally dominant coefficient matrices; Numerical solutions of nonlinear
equations: bisection method, secant method, Newton-Raphson method, fixed point iteration;
Interpolation: Lagrange and Newton forms of interpolating polynomial, Error in polynomial
interpolation of a function; Numerical differentiation and error, Numerical integration:
Trapezoidal and Simpson rules, Newton-Cotes integration formulas, composite rules,
mathematical errors involved in numerical integration formulae; Numerical solution of initial
value problems for ordinary differential equations: Methods of Euler, Runge-Kutta method of
order 2.

Partial Differential Equations: Method of characteristics for first order linear and quasilinear
partial differential equations; Second order partial differential equations in two independent
variables: classification and canonical forms, method of separation of variables for Laplace
equation in Cartesian and polar coordinates, heat and wave equations in one space variable;
Wave equation: Cauchy problem and d'Alembert formula, domains of dependence and
influence, non-homogeneous wave equation; Heat equation: Cauchy problem; Laplace and
Fourier transform methods.

Topology: Basic concepts of topology, bases, subbases, subspace topology, order topology,
product topology, quotient topology, metric topology, connectedness, compactness,
countability and separation axioms, Urysohn’s Lemma.

Linear Programming: Linear programming models, convex sets, extreme points; Basic
feasible solution, graphical method, simplex method, two phase methods, revised simplex
method ; Infeasible and unbounded linear programming models, alternate optima; Duality
theory, weak duality and strong duality; Balanced and unbalanced transportation problems,
Initial basic feasible solution of balanced transportation problems (least cost method, north-
west corner rule, Vogel's approximation method); Optimal solution, modified distribution
method; Solving assignment problems, Hungarian method.
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GATE:
General Aptitude (GA)
Q.1 - Q.5 Carry ONE mark Each

Mathematics (MA)

Q.1 The village was nestled in a green spot, the ocean and the hills.

(A) through

B) |in

©) at

(D) between

Q.2 Disagree : Protest : : Agree :

(By word meaning)

(A) Refuse

(B) Pretext

©) Recommend

(D) Refute
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GATE § Mathematics (MA)
o~

Q.3 A “frabjous’ number is defined as a 3 digit number with all digits odd, and no two
adjacent digits being the same. For example, 137 is a frabjous number, while 133 is
not. How many such frabjous numbers exist?

A |125
B) |[720
©C) |60
(D) |80

Q4 Which one among the following statements must be TRUE about the mean and the
median of the scores of all candidates appearing for GATE 2023?

(A) The median is at least as large as the mean.

(B) The mean is at least as large as the median.

©) At most half the candidates have a score that is larger than the median.

(D) At most half the candidates have a score that is larger than the mean.
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Mathematics (MA)

Q5 In the given diagram, ovals are marked at different heights (h) of a hill. Which one
of the following options P, Q, R, and S depicts the top view of the hill?
i Hill |
c E 06[ S ]
GE) £ o5k Horizontal cross-sections |
= 1 at various altitudes (h)
<
© _-04r 1
o= 2 I
.-5)% 0.3F .
= !
T D o2k o
O i L A 'l 'l 1 1 L 1
0 0.2 0.4 0.6 0.8 1.0
Distance (in km)
P/—x Q
PN
R S
(A) | P
B |Q
© |R
) |S
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GATE § Mathematics (MA)
(3]

Q.6 — Q.10 Carry TWO marks Each

Q.6 Residency is a famous housing complex with many well-established individuals
among its residents. A recent survey conducted among the residents of the complex
revealed that all of those residents who are well established in their respective fields
happen to be academicians. The survey also revealed that most of these
academicians are authors of some best-selling books.

Based only on the information provided above, which one of the following
statements can be logically inferred with certainty?

(A) Some residents of the complex who are well established in their fields are also
authors of some best-selling books.

(B) All academicians residing in the complex are well established in their fields.

©) Some authors of best-selling books are residents of the complex who are well
established in their fields.

(D) Some academicians residing in the complex are well established in their fields.
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GATE:

Q.7 Ankita has to climb 5 stairs starting at the ground, while respecting the following
rules:

Mathematics (MA)

1. Atany stage, Ankita can move either one or two stairs up.
2. Atany stage, Ankita cannot move to a lower step.

Let F(N) denote the number of possible ways in which Ankita can reach the Nt"
stair. For example, F(1) =1, F(2) = 2, F(3) = 3.

The value of F(5) is

A) |8
®) |7
© |6
(D) |5
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GATE § Mathematics (MA)
(3]

Q.8 The information contained in DNA is used to synthesize proteins that are necessary
for the functioning of life. DNA is composed of four nucleotides: Adenine (A),
Thymine (T), Cytosine (C), and Guanine (G). The information contained in DNA
can then be thought of as a sequence of these four nucleotides: A, T, C, and G. DNA
has coding and non-coding regions. Coding regions—where the sequence of these
nucleotides are read in groups of three to produce individual amino
acids—constitute only about 2% of human DNA. For example, the triplet of
nucleotides CCG codes for the amino acid glycine, while the triplet GGA codes for
the amino acid proline. Multiple amino acids are then assembled to form a protein.

Based only on the information provided above, which of the following statements
can be logically inferred with certainty?

Q) The majority of human DNA has no role in the synthesis of proteins.
(i) The function of about 98% of human DNA is not understood.

(A) | only (i)

(B) only (ii)

(C) | both (i) and (i)

(D) neither (i) nor (ii)
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Q.9 | Which one of the given figures P, Q, R and S represents the graph of the following
function?

Mathematics (MA)

fO)=1lx+2]—|x—1]]

(A | P

B) | Q

©€) |R

D) | s

Page 7 of 53
Organizing Institute: [IT Kanpur

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [12] [GATE Maths 2023-2010]

GATE}

Q.10 | An opaque cylinder (shown below) is suspended in the path of a parallel beam of
light, such that its shadow is cast on a screen oriented perpendicular to the direction
of the light beam. The cylinder can be reoriented in any direction within the light
beam. Under these conditions, which one of the shadows P, Q, R, and S is NOT
possible?

Mathematics (MA)

Opaque
cylinder

(A |P
B |Q
© |R
D) |s

Page 8 of 53
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GATE:

USEFUL DATA

Mathematics (MA)

N Set of all positive integers

Z Set of all integers

Q Set of all rational numbers

R Set of all real numbers

C Set of all complex numbers

R™ {(x1, %5, 0, %) x; ERi=1,2,...,1n}

R x R Cartesian product of R with R
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Q.11 - Q.35 Carry ONE mark Each

[GATE Maths 2023-2010]

Mathematics (MA)

Q.11 |Letf, g:R*—> R bedefined by

for all (x,y) € R?.

Consider the following statements:
P: f has asaddle point at (0,0).
Q: g has a saddle point at (0,0).

Then

flx,y) =x? — %xy2 and g(x,y) = 4x* — 5x%y + y?

(A) both P and Q are TRUE

(B) | Pis FALSE but Q is TRUE

(C) | Pis TRUE but Q is FALSE

(D) both P and Q are FALSE

Page 10 of 53
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GATES

Q.12 | Let R3 be a topological space with the usual topology and Q@ denote the set of

Mathematics (MA)

rational numbers. Define the subspaces X, Y, Z and W of R3 as follows:
X={(xy,2) eR®: |x| + |yl +1z| € Q}

Y ={(x,y,2z) ER3: xyz =1}

Z={(x,y,z) ER3: x?+y%2+22=1}

W={(x7v,2z)€R3: xyz=0}

Which of the following statements is correct?

(A) X is homeomorphicto Y

(B) Z is homeomorphic to W

©) Y is homeomorphic to W

(D) X is NOT homeomorphic to W

Page 11 of 53
Organizing Institute: [IT Kanpur

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [ 16]

GATE:

[GATE Maths 2023-2010]

Mathematics (MA)

Q13 |LetP(x) =1+e?™* 423 x € R,i=+—1.Then
1 N-1
Yim 5 ) P(2)
k=0
is equal to
(A) 0
B |1
© 3
(D) |4
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GATE:

Q.14 |LetT:R3 > R3 be alinear transformation satisfying
T(1,0,0) =(0,1,1), T(1,1,0) =(1,0,1) and T(1,1,1) = (1,1, 2).

Mathematics (MA)

Then

(A) T is one-one but T is NOT onto

(B) T is one-one and onto

©) T is NEITHER one-one NOR onto

(D) T is NOT one-one but T is onto

Page 13 of 53
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[GATE Maths 2023-2010]

Mathematics (MA)

Q.15

LetD={z€ C: |z|<1}and f: DD — C be defined by

5 Z7 Z9 Z11

VA
_ 3 - -
f2) = z-252° + o =+ g1~ 17

Consider the following statements:

P: f has three zeros (counting multiplicity) in D .

Q: fhasonezeroin[U={zeC:%<|z|<1}.

Then

(A)

P is TRUE but Q is FALSE

(B)

P is FALSE but Q is TRUE

(©)

both P and Q are TRUE

(D)

both P and Q are FALSE

Page 14 of 53
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Q.16 | Let V' © R be a non-measurable set with respect to the Lebesgue measure on R.

Mathematics (MA)

Consider the following statements:
P:If M ={x € IV :xisirrational }, then M is Lebesgue measurable.

Q: The boundary of V" has positive Lebesgue outer measure.

Then

(A) both P and Q are TRUE

(B) P is FALSE and Q is TRUE

©) P is TRUE and Q is FALSE

(D) both P and Q are FALSE

Page 15 of 53
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Q.17 | For k € N, let E;, be a measurable subset of [0,1] with Lebesgue measure kiz
Define

Mathematics (MA)

E=n;_,U_,E, and F = Uy_ N, Ex
Consider the following statements:
P: Lebesgue measure of E is equal to zero.
Q: Lebesgue measure of F is equal to zero.

Then

(A) both P and Q are TRUE

(B) both P and Q are FALSE

(C) | Pis TRUE but Q is FALSE

(D) | Qis TRUE but P is FALSE

Page 16 of 53
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Q.18 | Consider R? with the usual Euclidean metric. Let

Mathematics (MA)

X = {(x,xsin%) ER?:x€ (0,1]} U {(0,y) E R?*: —0 < y < o0} and

Y = {(x,sini) eR%*:x€ (0,1]} U {(0,y) € R?%: —o0 < y < oo0}.
Consider the following statements:
P: X is a connected subset of R2.

Q:Y is a connected subset of R2.

Then

(A) both P and Q are TRUE

(B) P is FALSE and Q is TRUE

©) P is TRUE and Q is FALSE

(D) both P and Q are FALSE

Page 17 of 53
Organizing Institute: [IT Kanpur

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [22] [GATE Maths 2023-2010]
GATE:

Q.19 LetM:[‘lL _03].

Mathematics (MA)

Consider the following statements:
P: M® + M'? is diagonalizable.
Q: M7 + M? is diagonalizable.

Which of the following statements is correct?

(A) P is TRUE and Q is FALSE

(B) P is FALSE and Q is TRUE

©) Both P and Q are FALSE

(D) Both P and Q are TRUE

Page 18 of 53
Organizing Institute: [IT Kanpur

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [ 23] [GATE Maths 2023-2010]

GATE § Mathematics (MA)
o~

Q.20 | LetC[0,1] ={f:[0,1] » R: f is continuous}.
Consider the metric space (€[0,1], d,), where

deo(f,9) = sup{ |f(x) — g(x)[ : x € [0, 1] } for f,g € C[0,1].
Let f,(x) = 0 forall x € [0,1] and

1
x={f € Cl10,1,du): dulfo ) 25}
Let f1, f» € C[0, 1] be defined by f;(x) = x and f,(x) = 1 — x forall x € [0,1].

Consider the following statements:
P: f; isin the interior of X.

Q: f, isinthe interior of X.

Which of the following statements is correct?

(A) P is TRUE and Q is FALSE

(B) P is FALSE and Q is TRUE

©) Both P and Q are FALSE

(D) Both P and Q are TRUE

Page 19 of 53
Organizing Institute: [IT Kanpur

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [24] [GATE Maths 2023-2010]

GATE § Mathematics (MA)
o~

Q.21 | Consider the metrics p, and p, on R, defined by

— ol — _ (0 ifx=y
piCoy) = b=yl and paC) = {)’ (k2

LetX={neN:n=>3} and Y={n+%:n€N}.

2, ifxeX
3, iffxeY

Define f: XU Y > R by f(x) ={
Consider the following statements:

P: The function f: (X U Y, p;) = (R, p;) is uniformly continuous.
Q: The function f: (X UY, p,) = (R, p,) is uniformly continuous.

Then

(A) P is TRUE and Q is FALSE

(B) P is FALSE and Q is TRUE

©) both P and Q are FALSE

(D) both P and Q are TRUE

Page 20 of 53
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Q.22 | LetT: R* - R* be a linear transformation and the null space of T be the

Mathematics (MA)

subspace of R* given by
{ (x1,%2,x3,%4) € R* : 4x; + 3x, + 2x5 + x4 = 0}.
If Rank(T — 31) = 3, where [ is the identity map on R*, then the minimal

polynomial of T is

(A) x(x—3)

(B) x(x —3)3

© | x*(x—3)

D) | x*(x-3)?

Page 21 of 53
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GATE?
Let C[0,1] denote the set of all real valued continuous functions defined on [0,1]
and ||fllc = sup{|f(x)|:x €[0,1]} forall f € C[0,1]. Let

X ={feC[01]: f(0)=f(1)=0}.
Define F : (€[0,1], IIllo) > Rby F(f) = [, f(t)dt forall f € C[0,1].
Denote Sy = {f € X : ||fllc = 1}.

Mathematics (MA)

Q.23

Thentheset {f € X : F(f) = ||F||} n Sy has

(A) NO element

(B) exactly one element

©) exactly two elements

(D) an infinite number of elements

Page 22 of 53
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GATE § Mathematics (MA)
o~

Q.24 | Let X and Y be two topological spaces. A continuous map f : X — Y is said to be

proper if £~1(K) is compact in X for every compact subset K of Y, where f~1(K)
is defined by f"1(K) ={x € X : f(x) € K}.

Consider R with the usual topology. If R\ {0} has the subspace topology induced
from R and R X R has the product topology, then which of the following maps is

proper?

(A) fiR\ {0} - R defined by f(x) = x

(B) fiRXR—->RXR definedby f(x,y) = (x+y,y)

©) f:R xR — Rdefined by f(x,y) = x

(D) f:R X R - R defined by f(x,y) = x? — y?

Q.25 | Consider the following Linear Programming Problem P:
Minimize 3x; + 4x,
subject to X1 — Xy <1,
X1 +x, =23,

x120, x220.

The optimal value of the problem P is

Page 23 of 53
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GATES

Mathematics (MA)

Q.26

Let u(x, t) be the solution of

ﬁ_ C—ZFZOI XE(—OO,OO), t>0,

u(x,0) =sinx, x € (—o0,0),
Jdu

E(x 0) =cos x, x €(—00,00),

for some positive real number c.

Let the domain of dependence of the solution u at the point P(3,2) be the line
segment on the x-axis with end points Q and R.

If the area of the triangle PQR is 8 square units, then the value of c? is

Q.27

Let

oo
n
1—z—z2 Zanz, 4 ER

n=0

for all z in some neighbourhood of 0 in C.

Then the value of a4 + as is equal to

Page 24 of 53
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GATES

Q.28 | Letp(x) = x3 — 2x + 2. If g(x) is the interpolating polynomial of degree less than

Mathematics (MA)

or equal to 4 for the data
x -2 -1 0 1 3

q(x) | p(=2) | p(—1) | 2.5 | p(1) | P(3)

d*q .
then the value of — atx = 0Ois
dx

Q.29 |Forafixedc € R, let a = foz(9x2 — 5cx*)dx.

If the value of f02(9x2 — 5cx*)dx obtained by using the Trapezoidal rule is equal

to a, then the value of c is (rounded off to 2 decimal places).
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GATE:
Q.30 | If for some a € R,

T
f4fx 1 7 asecBH 1
—— dydx = f f — drd@,
1 —xx2 +y2 —% secO r

then the value of a equals

Mathematics (MA)

Q.31 | Let S be the portion of the plane z = 2x + 2y — 100 which lies inside the cylinder

x%? + y? = 1. If the surface area of S is am, then the value of « is equal to

Page 26 of 53
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GATE § Mathematics (MA)
o~

Q.32 | Let

L’[-1,1] = {f:[-1,1] » R : f is Lebesgue measurable and f_lllf(x)lzdx < oo}

and the norm ||f|l, = (f_lllf(x)lz dx)E for f € 2[—1,1].
Let F: (12[-1,1], |I]l,) = R be defined by

F(f) = [2, f()x?dx forall fe L2[-11].

If ||F|| denotes the norm of the linear functional F, then 5||F||? is equal to

Q.33 | Let y(t) be the solution of the initial value problem

11 _ t,OStSZ, I _
y +4y—{2,2<t<oo,and y(0) =y'(0) = 0.

Ifa=y (g) then the value of %a is (rounded off to 2 decimal places).
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Q.34 | Consider R* with the inner product < x,y > = Y7/, x;y;, for x = (x4, x2, x5, x4)

Mathematics (MA)

and y = (¥1, Y2, Y3, Ya)-

Let M = {(xq, x5, x3,%4) € R* : x; = x3} and M+ denote the orthogonal

complement of M. The dimension of M+ is equal to

Q.35
Let M =

3 -1 -2 1 0 0
0 2 4]and1 = [O 1 0]. If 6M~t = M? —6M + al for
0 0 1 0 0 1

some a € R, then the value of « is equal to
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GATE § Mathematics (MA)
o~

Q.36 — Q.65 Carry TWO marks Each

Q.36 | Let GL,(C) denote the group of 2 x 2 invertible complex matrices with usual
matrix multiplication. For S,T € GL,(C), < S,T > denotes the subgroup
generated by S and T. Let S = [(1) _01] € GL,(C) and G,, G,, G5 be three
subgroups of GL,(C) given by

G, =<S,T, >, where T, = [(L) (l)]

i 0

G, =<S,T, > where T, = [0 _il’

G; =< S§,T; >, where T; = [(1) é .

Let Z(G;) denote the center of G; fori = 1,2, 3.

Which of the following statements is correct?

(A) G, isisomorphicto G,

(B) Z(G,) isisomorphicto Z(G,)

@ |z@=([} U)

(D) Z(G,) isisomorphicto Z(G5)
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GATE § Mathematics (MA)
o~

Q.37 | Let#? ={(xq, xp, x3,...) : x, ER foralln € N and Y, x2 < oo}.

For a sequence (x;, x,, X3,..) € £2,define |[(xy, x5, X3,...)||, = (Z,"lex,%)%.
Let S: (€%, [-ll) = (€% 1ll) and T = (€%, 1-1l) — (€2, 1I-1I2) be defined by

0,n=1
S(xq, X9, X3,...) = (¥1, V2, V3,...), Where y, = {xn_l’ n>2

0, n is odd

T(Xl, X2, X3,...) = (yll Y2, V3 ); Where Yn = {xn n is even

Then

(A) S isa compact linear map and T is NOT a compact linear map

(B) S is NOT a compact linear map and T is a compact linear map

©) both S and T are compact linear maps

(D) NEITHER S NOR T isacompact linear map

Page 30 of 53
Organizing Institute: [IT Kanpur

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [35] [GATE Maths 2023-2010]
GATE:

Q.38 | Let

Mathematics (MA)

Coo = {(x1, x5, x3,...) 1 x; € R, i €N, x; # 0 only for finitely many indices i}.
For (x1, X2, X3,..) € oo, let||(xq, X3, x3,...) |l = sup{|x;| : i € N}.

Define F, G = (oo, |I*lleo) = (o0, -1l o) DY

F((xl, X2y ey Xppy wen )) = ((1 + 1)x,, (2 + %) X2, eee) (n + %) Xy ven ),

X1 X2 Xn
1+1°

G((xl, xZ, ...,xn, )) = 1 1
2 +7 n +ﬁ
forall (x, x5, ..., %5, ... ) € Cop-

Then

(A) F is continuous but G is NOT continuous

(B) F is NOT continuous but G is continuous

©) both F and G are continuous

(D) NEITHER F NOR G is continuous
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GATE § Mathematics (MA)
o~

Q.39 | Consider the Cauchy problem

(’)u+ au_ .
xax yay‘”’

u = f(t) ontheinitial curve T' = (¢, t); t > 0.
Consider the following statements:

P: If f(t) = 2t + 1, then there exists a unique solution to the Cauchy problem
in a neighbourhood of T'.
Q: If f(t) = 2t — 1, then there exist infinitely many solutions to the Cauchy

problem in a neighbourhood of T.

Then

(A) both P and Q are TRUE

(B) P is FALSE and Q is TRUE

©) P is TRUE and Q is FALSE

(D) both P and Q are FALSE
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GATE § Mathematics (MA)
o~

Q.40 | consider the linear system Mx = b, where M = [_24 _31] and b = [_52]

Suppose M = LU, where L and U are lower triangular and upper triangular square

matrices, respectively. Consider the following statements:

P: If each element of the main diagonal of L is 1, then trace(U) = 3.

Q: For any choice of the initial vector x(®), the Jacobi iterates x, k = 1,2,3 ...

converge to the unique solution of the linear system Mx = b.

Then

(A) both P and Q are TRUE

(B) P is FALSE and Q is TRUE

©) P is TRUE and Q is FALSE

(D) both P and Q are FALSE
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GATES

Q.41 | Let ¢ and o be two linearly independent solutions of the ordinary differential

Mathematics (MA)

equation
y'+(2—-cosx)y =0, x €ER.
Leta, B € Rbesuchthata < B, ¢(a) = ¢(B) = 0and ¢(x) # 0 for all
x € (a,pB).
Consider the following statements:
P: ¢'(a)¢'(B) > 0.
Q: p()Y(x) = 0 forall x € (a,B).

Then

(A) P is TRUE and Q is FALSE

(B) P is FALSE and Q is TRUE

©) both P and Q are FALSE

(D) both P and Q are TRUE
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Q42 |LetDh={z€e C: |z|<1}and f: DD — C be an analytic function given by the

Mathematics (MA)

1
22n

power series f(z) = Yo—¢anz™, Whereay =a; = land a, = forn > 2.

Consider the following statements:

P: If zy € D, then f is one-one in some neighbourhood of z,.

Q:If E = {z EC:|z| < %} then f(E) is a closed subset of C.

Which of the following statements is/are correct?

(A) | Pis TRUE

(B) | Qis TRUE

(C) | QisFALSE

(D) | PisFALSE

Page 35 of 53
Organizing Institute: [IT Kanpur

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [40] [GATE Maths 2023-2010]

GATES

Q43 | LetQbean open connected subset of C containing U = {z e€C:|z| < %}

Mathematics (MA)

LetF={f:Q— C: fisanalyticand sup |f(z) —f(w)| =1}

zweU

Consider the following statements:
P: There exists f € J such that |f'(0)| > 2.
Q: |[f®(0)| < 48 forall f € 3, where £ denotes the third derivative of .

Then

(A) | Pis TRUE

(B) | QisFALSE

(C) | PisFALSE

(D) | QisTRUE
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Q.44 Let (R, 7) be a topological space, where the topology 7 is defined as

Mathematics (MA)

t={UCSR: U=0Qor1eU}

Which of the following statements is/are correct?

(A) (R, 7) is first countable

(B) (R, 7) is Hausdorff

©) (R, ) is separable

(D) The closure of (1,5) is [1,5]
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Q45 |LetR ={p(x) € Q[x]: p(0) € Z}, where Q denotes the set of rational numbers

Mathematics (MA)

and Z denotes the set of integers. For a € R, let (a) denote the ideal generated by

ainR.

Which of the following statements is/are correct?

(A) If p(x) is an irreducible element in R, then (p(x)) is a prime ideal in R

(B) R is a unique factorization domain

©) (x) is aprime ideal in R

(D) R is NOT a principal ideal domain
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Q.46 | Consider the rings

Mathematics (MA)

S = Z[x]/<2’x3) and S, = ZZ[X]/<xz)

where (2, x3) denotes the ideal generated by {2, x3} in Z[x] and (x?) denotes the
ideal generated by x? in Z,[x].

Which of the following statements is/are correct?

(A) Every prime ideal of S; is a maximal ideal

(B) S, has exactly one maximal ideal

©) Every element of S, is either nilpotent or a unit

(D) There exists an element in S, which is NEITHER nilpotent NOR a unit
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Q.47 | Consider the sequence of Lebesgue measurable functions f,,: R = R given by

Mathematics (MA)

£.(0) = {nz(x -n), if x € [n,n +%]

0, otherwise
For a measurable subset E of R, denote m(E) to be the Lebesgue measure of E.

Which of the following statements is/are correct?

(A) sup|fp(x)| > 0asn - o

x€ER

B) | [ /fn()ldx > 0asn -

(©) m({xER:|fn(x)|>%})—>0asn—>oo

D) |m(x€R:[f(x)]>0}) > 0asn= oo
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GATES

Mathematics (MA)

Q.48

Define the characteristic function yy of a subset E in R by

(1, if x€eE
XE(x) - {0’ foéE

Forl< p<2, let
LP[0,1] = {f:[0,1] = R : f is Lebesgue measurable and fol |f (x)|Pdx < oo},

Let f:[0,1] —» R be defined by
(o] 2n
fx) = ;;xwﬂ, 1 .

Consider the following two statements:

P: f € LP[0,1] foreveryp € (1, 2).

Q: f € L'o,1].
Then

(A) | PisTRUE

(B) | Qis TRUE

(C) | QisFALSE

(D) | PisFALSE
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Q.49 |Letx(t), y(t), t € R, betwo functions satisfying the following system of
differential equations:

Mathematics (MA)

x'(t) = y(0),
y'(t) = x(b),
and x(0) = a, y(0) = B, where a, B are real numbers.

Which of the following statements is/are correct?

(A) Ifa=1, § = —1, then |x(t)| + |y(t)] > 0ast - o

(B) Ifa=1, =1, then|x(t)|+ |y(t)| > 0ast - o

©) Ifa = 1.01, B = —1, then |x(t)| + |y(t)| > 0ast >

(D) Ifa=1, B = 1.01, then |x(t)| + |y(t)| > 0 ast - o©
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[47]

[GATE Maths 2023-2010]

Mathematics (MA)

Q50 |For h>0,anda, B, y €ER, let

afla—h)+Bf(a)+yfla+2h)

Dpf(a) = 6h

fiR->Randa € R.

forall a € R, then

be a three-point formula to approximate f'(a) for any differentiable function

If D,,f(a) = f'(a) for every polynomial f of degree less than or equal to 2 and

(A |a+2y= -2

(B) a+2—-2y=0

©) a+2y=2

D) |a+28-2y=1
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GATE:
Q.51 | Let f be a twice continuously differentiable function on [a, b] such that f'(x) < 0

and f"'(x) < 0 forall x € (a,b). Let f({) = 0 for some { € (a, b). The Newton-

Raphson method to compute ¢ is given by

Mathematics (MA)

fO)

Xk41 = Xg —fok), k= 0,1,2,...

for an initial guess x.

If x;, € (¢, b) for some k > 0, then which of the following statements is/are

correct?

(A) Xks1 > €

(B) X1 < €

©) Xp+1 < X

f'(m)
f'(x1)

(D) For every n € (, x), >1
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GATE:

Q.52 | Let f:R? - R be defined by

Mathematics (MA)

x2 +y?’

2x%y
fry) = { iy G FO0
0, 6y =00

Then

)is

(B) the directional derivative of f at (0,0) in the direction of (0,1) is 1

(A) the directional derivative of f at (0,0) in the direction of (

-
sl -

)

e

©) the directional derivative of f at (0,0) in the direction of (1,0) is 0

(D) f is NOT differentiable at (0,0)
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GATE:

Q.53 | LetC[0,1] ={f:[0,1] » R : f iscontinuous} and

Mathematics (MA)

doo (f,9) = sup{ |f (x) — g(x)|: x € [0, 1]} for f, g € C[0,1].
For each n € N, define f,:[0,1] - R by f,,(x) = x™ for all x € [0, 1].
Let P = {f,: n € N}.

Which of the following statements is/are correct?

(A) P is totally bounded in (C[0, 1], d,)

(B) P is bounded in (C[0,1], dw)

©) Pisclosed in (C[0,1], ds)

(D) Pisopenin (C[0,1], dw)
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Q54 |Let G be an abelian group and & :G — (Z,+) be a surjective group

Mathematics (MA)

homomorphism. Let 1 = ®(a) for some a € G.
Consider the following statements:

P: For every g € G, there exists an n € Z such that ga™ € ker(®).

Q: Let e be the identity of G and < a > be the subgroup generated by a. Then
G = ker(®) < a> and ker(®) N < a > = {e}.

Which of the following statements is/are correct?

(A) | Pis TRUE

(B) | PisFALSE

(C) | QisTRUE

(D) | Qis FALSE
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GATE § Mathematics (MA)
o~

Q.55 | Let C be the curve of intersection of the cylinder x? + y? = 4 and the plane

z — 2 = 0. Suppose C is oriented in the counterclockwise direction around the

z-axis, when viewed from above. If

f(sinx + e*) dx + 4x dy + e? cos? z dz| = am,
c

then the value of a equals

Let £2 = {(xq, x2,%3,...) : X, ER foralln € Nand Y-, x2 < o}.
.56
Q For a sequence (x4, x5, X3, ... ) € £2, define

1

had 2
Gy 22,5, Ml = (Z x%)

n=1

Consider the subspace M = {(xl, X, X3, .. ) € £%: Z,‘lez—z = 0}.
Let M+ denote the orthogonal complement of M in the Hilbert space (¢, ||-]l,).
Consider (1, g, 2 3) € 2.
2 3 4
o . 1 1 1 Lo
If the orthogonal projection of (1, U ) onto M- is given by

a (Z;’lei) (1 L. ) for some a € R, then a equals

nan) \4’ 42743’
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[53]

[GATE Maths 2023-2010]

Mathematics (MA)

Q.57

Consider the transportation problem between five sources and four destinations as
given in the cost table below. The supply and demand at each of the source and

destination are also provided:

DESTINATIONS | Supply
P |Q |R |S
1113 8| 12| 9| 20
@210 7| 5|20 10
% 3| 3[19| 5|12| 90
Q4| 4] 9| 7|15 30
514 o 1| 7| 40
Demand | 60 | 10 | 20 | 60

Let Cy and C;, be the total cost of the initial basic feasible solution obtained from
the North-West corner method and the Least-Cost method, respectively. Then

Cy — Cp equals

Q.58

Let o € Sg, where Sg is the permutation group on 8 elements. Suppose ¢ is the
product of g; and o,, where g, is a 4-cycle and g, is a 3-cycle in Sg. If g; and o,

are disjoint cycles, then the number of elements in Sg which are conjugate to o is

Organizing Institute: [IT Kanpur
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GATE:

Q.59 | Let Abea3 x3 real matrix with det(4 +i 1) = 0, where i =+/—1 and I is the
3 x 3 identity matrix. If det(4) = 3, then the trace of A2 is

Mathematics (MA)

Q.60 | Let A = [a;;] be a3 x 3 real matrix such that

1 1 0 0 -1 -1
Al2[=2]2|, Al1|= 2|1] and A| 1 |=4] 1 |.
1 1 1 1 0 0

If m is the degree of the minimal polynomial of 4, then a;; + a,; + az; + m

equals
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GATE:

Q.61 | Let Q be the disk x2 + y? < 4 in R? with boundary 9Q. If u(x, y) is the solution

Mathematics (MA)

of the Dirichlet problem

62u+82u_0 (x,y) €Q
dx2  dyz oy '

u(x,y) =1+ 2x2%, (x,y) €09,

then the value of u(0,1) is

Q.62 | Forevery k € NU {0}, let y,(x) be a polynomial of degree k with y, (1) = 5.
Further, let y, (x) satisfy the Legendre equation

(1—x2)y" —2xy' +k(k+ 1)y =0.

(e (x) = Yk—1(x))2 dx — JZ(yk(x))z dx = 24,

1 -1 k=1

NgE

1

7|

2
-1

for some positive integer n, then the value of n is

&
1]
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GATE § Mathematics (MA)
o~

Q.63 | Consider the ordinary differential equation (ODE)

4(nx)y"+3y"+y =0, x> 1
If r; and r, are the roots of the indicial equation of the above ODE at the regular
singular point x = 1, then |r; — r,| is equal to (rounded off to 2 decimal

places).

Q.64 | Let u(x,t) be the solution of the non-homogeneous wave equation

0%u 0*u _
ﬁ—ﬁ=smxsm(2t), 0<x<m t>0

Ju
u(x,0) =0, anda (x,0) =0, for0<x<m,
u(0,t) = 0, u(m,t) =0, fort=0.

Then the value of u (237”) is (rounded off to 2 decimal places).

Page 52 of 53
Organizing Institute: [IT Kanpur

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [ 57]

GATE:

[GATE Maths 2023-2010]

Mathematics (MA)

Q.65

Consider the Linear Programming Problem P:
Maximize 3x; + 2x, + 5x3
subject to
X1 + 2%y + x3 < 44,
X1 + 2x3 < 48,
X1 +4x, <52,
X1 =20, x=20, x3=>0.

The optimal value of the problem P is equal to

END OF QUESTION PAPER
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GATES

HEFRATRERY 5T ARTEETA aSar

GATE 2023 Mathematics (MA)

Q. No. |Session &%EEZSZEA_(FQT) Subject Name (SN)  [Key/Range (KY) [Mark (MK)
1 5[McCQ GA D 1
2 5|MCQ GA C 1
3 5[MCQ GA D 1
4 5IMCQ GA C 1
5 5[MCQ GA B 1
6 5|MCQ GA MTA 2
7 5[McCQ GA A 2
8 5IMCQ GA D 2
9 5[MCQ GA A 2

10 5IMCQ GA D 2
11 5[McCQ MA A 1
12 5IMCQ MA D 1
13 5[McCQ MA B 1
14 5IMCQ MA C 1
15 5(MCQ MA A 1
16 5|MCQ MA B 1
17 5[MCQ MA A 1
18 5|MCQ MA A 1
19 5(MCQ MA D 1
20 5|MCQ MA D 1
21 5(McCQ MA B 1
22 5|MCQ MA A 1
23 5[MCQ MA A 1
24 5|MCQ MA B 1
25 S5INAT MA 10to 10 1
26 S5INAT MA 4to4d 1
27 5|NAT MA 13to 13 1
28 S5INAT MA 2to2 1
29 5|NAT MA 0.24t0 0.26 1
30 S5INAT MA 4to4d 1
31 5|NAT MA 3to3 1
32 S5INAT MA 2to2 1
33 S5[NAT MA 0.49t0 0.51 1
34 S5INAT MA 1to1l 1
35 5|NAT MA 11to 11 1
36 5IMcCQ MA D 2
37 5|MCQ MA D 2
38 5IMcCQ MA B 2
39 5|MCQ MA D 2
40 5IMcCQ MA A 2
41 5|MCQ MA C 2
42 5IMsQ MA A B 2
43 5|MSQ MA C,D 2
44 5|MsQ MA A, C 2
45 5|MSQ MA A 2
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46 5{MsQ MA A, B,C 2
47 5|MsQ MA B,C, D 2
48 5{mMsQ MA B,D 2
49 5|MsQ MA A 2
50 5{MsQ MA A B 2
51 5|MsQ MA A, C 2
52 5{MsQ MA A, C D 2
53 5[msq MA B, C 2
54 5{MsQ MA A, C 2
55 5(NAT MA 16 to 16 2
56 5{NAT MA 15 to 15 2
57 5|NAT MA 380 to 380 2
58 5{NAT MA 3360 to 3360 2
59 5|NAT MA 7to7 2
60 5{NAT MA 4to 4 2
61 5|NAT MA 4t04 2
62 5(NAT MA 12 to 12 2
63 5|NAT MA 0.24 t0 0.26 2
64 5{NAT MA 0.64 t0 0.70 2
65 5|NAT MA 140 to 140 2

MTA = Marks to All
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GATE 2022 Mathematics (MA)

Organised by

Graduate Aptitude Test in ENgineering | jngin imstituts of Tochnoiogy kharagpur

Useful data

A\B {a €A : a¢ B}
C Set of all complex numbers
Cmxn Set of all matrices of order m x n with complex entries

C>(2) Collection of all infinitely differentiable functions on the open domain 2

i V-1

I Identity matrix of appropriate order
L*(R) = L*(R, dx)
L?[a, b] .= L*([a, b], dx)
N Set of all positive integers
Q Set of all rational numbers
R Set of all real numbers
Rmxn Set of all matrices of order m x n with real entries
St {(z1,29) €R? @ 22+ 23 =1}
S? {(71,29,23) €R3 : 23+ 25+ 22 =1}
Z Set of all integers
MA Page 1 of 66
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A

GATE 2022 General Aptitude (GA)

Organised by

Graduate Aptitude Test in ENGINEENING | j.dian institute of Technoiogy Kharagpur

| Q.1 - Q.5 Carry ONE mark each.

Q.1 As you grow older, an injury to your may take longer to

(A) | heel / heel

(B) | heal / heel

(C) | heal / heal

(D) | heel / heal
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Q.2 In a 500 m race, P and Q have speeds in the ratio of 3 : 4. Q starts the race

when P has already covered 140 m.

What is the distance between P and Q (in m) when P wins the race?

(A) | 20

(B) | 40

(©) | 60

(D) | 140

Page 3 of 66

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [63] [GATE Maths 2023-2010]

//////// )l Graduate Aptitude Test in ENGINEEIING | o et of Technology Kharagpur //////// l@

Q3 Three bells P, Q, and R are rung periodically in a school. P is rung every 20

minutes; Q is rung every 30 minutes and R is rung every 50 minutes.

If all the three bells are rung at 12:00 PM, when will the three bells ring

together again the next time?

(A) | 5:00 PM

(B) | 5:30 PM

(C) | 6:00 PM

(D) | 6:30 PM
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Q4 Given below are two statements and four conclusions drawn based on the

statements.
Statement 1: Some bottles are cups.

Statement 2: All cups are knives.

Conclusion I: Some bottles are knives.
Conclusion II: Some knives are cups.
Conclusion III: All cups are bottles.
Conclusion IV: All knives are cups.

Which one of the following options can be logically inferred?

(A) | Only conclusion I and conclusion II are correct

(B) | Only conclusion II and conclusion III are correct

(C) | Only conclusion II and conclusion IV are correct

(D) | Only conclusion III and conclusion IV are correct
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Q.5 The figure below shows the front and rear view of a disc, which is shaded with

identical patterns. The disc is flipped once with respect to any one of the fixed

axes 1-1, 2-2 or 3-3 chosen uniformly at random.

What is the probability that the disc DOES NOT retain the same front and rear

views after the flipping operation?

Front View Rear View

(A)]0

B

W =

©

wl N

D) | 1
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| Q.6—-0Q. 10 Carry TWO marks each.

Q.6 Altruism is the human concern for the wellbeing of others. Altruism has been
shown to be motivated more by social bonding, familiarity and identification of
belongingness to a group. The notion that altruism may be attributed to empathy

or guilt has now been rejected.

Which one of the following is the CORRECT logical inference based on the

information in the above passage?

(A) | Humans engage in altruism due to guilt but not empathy

(B) | Humans engage in altruism due to empathy but not guilt

(C) | Humans engage in altruism due to group identification but not empathy

(D) | Humans engage in altruism due to empathy but not familiarity
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There are two identical dice with a single letter on each of the faces. The
i
Q following six letters: Q, R, S, T, U, and V, one on each of the faces. Any of the

six outcomes are equally likely.

The two dice are thrown once independently at random.

What is the probability that the outcomes on the dice were composed only of

any combination of the following possible outcomes: Q, U and V?

(A)

N

(B)

Sl w

©

N~

D) |5
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Q.8 The price of an item is 10% cheaper in an online store S compared to the price
at another online store M. Store S charges X 150 for delivery. There are no
delivery charges for orders from the store M. A person bought the item from the

store S and saved X 100.

What is the price of the item at the online store S (in ) if there are no other

charges than what is described above?

(A) | 2500

(B) | 2250

() | 1750

(D) | 1500
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Q.9 The letters P, Q, R, S, T and U are to be placed one per vertex on a regular convex

hexagon, but not necessarily in the same order.
Consider the following statements:

e The line segment joining R and S is longer than the line segment joining
P and Q.

e The line segment joining R and S is perpendicular to the line segment
joining P and Q.

e The line segment joining R and U is parallel to the line segment joining T
and Q.

Based on the above statements, which one of the following options is

CORRECT?

(A) | The line segment joining R and T is parallel to the line segment joining Q and S

(B) | The line segment joining T and Q is parallel to the line joining P and U

(C) | The line segment joining R and P is perpendicular to the line segment joining U

and Q

(D) | The line segment joining Q and S is perpendicular to the line segment joining R
and P
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P

An ant is at the bottom-left corner of a grid (point P) as shown above. It aims to
move to the top-right corner of the grid. The ant moves only along the lines
marked in the grid such that the current distance to the top-right corner strictly

decreases.

Which one of the following is a part of a possible trajectory of the ant during

the movement?

(A) | |
P

(B) ]

©

(D)
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Q.11 — Q.35 Carry ONE mark each.

Q.11 Suppose that the characteristic equation of M € C3*3 is
N 4+al+p8r—1=0,

where «a, § € C with a+ § # 0.
Which of the following statements is TRUE?

(A) | M(I —BM)=M"(M+al)

(B) | M(I +BM)=M"YM — o)

C) | MY (M~ +BI) =M —al

(D) | M~ (M~ = BI) = M +al
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Q.12 Consider

P: Let M € R™" with m > n > 2. If rank(M) = n, then the system of
linear equations Mz = 0 has z = 0 as the only solution.

Q: Let E € R™" n > 2 be a non-zero matrix such that E* = 0. Then
I + E? is a singular matrix.

Which of the following statements is TRUE?

(A) | Both P and Q are TRUE

(B) | Both P and Q are FALSE

(C) | P is TRUE and Q is FALSE

(D) | P is FALSE and Q is TRUE
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Q.13 Consider the real function of two real variables given by
u(z,y) = e [sin 3x cos 2y cosh 3y — cos 3z sin 2y sinh 3y].

Let v(x, y) be the harmonic conjugate of u(z, y) such that v(0,0) = 2. Let z = x+1y
and f(z) = u(z,y) + iv(x,y), then the value of 4 + 2if(im) is

(A) e371‘ + 6—371'

(B) e37r _ e—37r

(C) | —e3™ + 73"

(D) _6371' —_e 3
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Q.14 The value of the integral
4100
/c L1014 1dz
where C'is the circle of radius 2 centred at the origin taken in the anti-clockwise
direction is
(A) | —2mi
(B) | 2«
()]0
(D) | 2mi
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Q.15 Let X be a real normed linear space. Let Xg = {z € X : ||z| = 1}. If X, contains
two distinct points x and y and the line segment joining them, then, which of the
following statements is TRUE?

(A) | l= + 9yl = ||lz]| + |ly|]| and z, y are linearly independent

(B) | llz + yll = [|z|| + |ly|l and z, y are linearly dependent

(C) | [lz +yl|* = l|z]|* + |y||* and z, y are linearly independent

(D) | |lz + y|l = 2||z||||ly|| and z, y are linearly dependent
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Q.16

Let {ey : k € N} be an orthonormal basis for a Hilbert space H.
J
Define fi, = e + ex1,k € Nand g; = Y (—=1)"*te,,j € N.

n=1
Then kZ g5, fi) P =
=1

MA
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Q.17 Consider R? with the usual metric. Let A = {(z,y) € R? : 22 + y* < 1} and B =
{(z,y) e R*: (x—2)?+y* < 1}. Let M = AUB and N = interior(4) U interior(B).
Then, which of the following statements is TRUE?

(A) | M and N are connected

(B) | Neither M nor N is connected

(C) | M is connected and N is not connected

(D) | M is not connected and N is connected
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Q.18 The real sequence generated by the iterative scheme
. 1
T, = Tn-1 + , n>1
2 Tn-1

(A) | converges to v/2, for all o € R\ {0}

(B) | converges to v/2, whenever x > \/g

(C) | converges to /2, whenever o € (—1,1) \ {0}

(D) | diverges for any z # 0
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Q.19 The initial value problem

d
% = cos (zy), v € R, y(0) = o,

where y is a real constant, has

(A) | a unique solution

(B) | exactly two solutions

(C) | infinitely many solutions

(D) | no solution
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Q.20 If eigenfunctions corresponding to distinct eigenvalues A of the Sturm-Liouville
problem
Ty 3dy Ay, 0 <z <
— —3— = r <
dz?  “dzx 4 ’
y(0) = y(w) =
are orthogonal with respect to the weight function w(x), then w(zx) is
( A) 6—335
(B) 6—290
(C) 621
(D) e3z
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Q.21 The steady state solution for the heat equation
%—%:0, O<z<?2, t>0,

with the initial condition u(z,0) = 0, 0 < x < 2 and the boundary conditions
uw(0,t) =1 and u(2,t) =3, t >0, at . = 1 is

(A) |1

(B) | 2

(C) |3

(D) | 4
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Q.22 Consider ([0, 1],77), where T} is the subspace topology induced by the Euclidean
topology on R, and let T, be any topology on [0, 1]. Consider the following state-
ments:

P : If 7} is a proper subset of Ty, then ([0, 1],7%) is not compact.
Q : If Ty is a proper subset of 77, then ([0, 1],75) is not Hausdorff.

Then

(A) | P is TRUE and Q is FALSE

(B) | Both P and Q are TRUE

(C) | Both P and Q are FALSE

(D) | P is FALSE and Q is TRUE
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Q.23 Let p: ([0,1],71) — ({0,1},T5) be the quotient map, arising from the characteristic

function on [%, 1], where T} is the subspace topology induced by the Euclidean

topology on R. Which of the following statements is TRUE?

(A) | pis an open map but not a closed map

(B) | pis a closed map but not an open map

(C) | pis a closed map as well as an open map

(D) | p is neither an open map nor a closed map
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Q.24 Set X,, := R for each n € N. Define Y := HX"‘ Endow Y with the product

neN
topology, where the topology on each X, is the Euclidean topology. Consider the

set
A:{<$,$,$,"')|$€R}

with the subspace topology induced from Y. Which of the following statements is
TRUE?

(A) | AisopeninY

(B) | A is locally compact

(C) | Ais dense in Y

(D) | A is disconnected
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Q.25

Consider the linear sytem of equations Az = b with

311 2
A= 1 4 1 and b= 3
2 0 3 4

Which of the following statements are TRUE?

0 1/4 1/3
The Jacobi iterative matrix is| 1/3 0 1/3
2/3 0 0

The Jacobi iterative method converges for any initial vector

The Gauss-Seidel iterative method converges for any initial vector

The spectral radius of the Jacobi iterative matrix is less than 1

MA
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Q.26 The number of non-isomorphic abelian groups of order 22.33.5% is
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Q.27 The number of subgroups of a cyclic group of order 12 is
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Q.28 The radius of convergence of the series
Z3n+1z2n, e C
n>0
is (round off to TWO decimal places).
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Q.29 The number of zeros of the polynomial
22" — TP 4+23 —2+1

in the unit disc {z € C : |z| < 1} is
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Q.30 If P(z) is a polynomial of degree 5 and
6 6
a= ZP(:Q) ( H (@; — xj)_1> ,
=0 =0, j#i

where xg, x1, -+, zg are distinct points in the interval [2,3], then the value of
a? —a+1is
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Q.31 The maximum value of f(z,y) = 49—x?—y? on the line x+3y = 10 is
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1 1
Q.32 If the function f(z,y) = 2* +ay+y*+—+ =,z # 0,y # 0 attains its local minimum
Ty

value at the point (a,b), then the value of a® + b3 is (round off to
TWO decimal places).
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Q.33 If the ordinary differential equation

*¢  dg

2 2,

has a solution of the form ¢(z) = 2" Z a,x", where a,’s are constants and ay # 0,
n=0

then the value of % + 1 is
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Q.34 The Bessel functions J,(z), = > 0, a € R satisfy J,_1(x) + Jor1(z) = — Jo(2).
x
Then, the value of (WJ% (m))? is
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Q.35 The partial differential equation
0*u 0%u 0%u
7— + 16 4—=0
0x? + 0x0y + Oy?
is transformed to o2 o o
U U U
A B C =0
€2 - €0 - on? 7
using £ =y — 2z and n = Ty — 2x.
1
Then, the value of @(B2 —4AC) is
MA
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Q.36 — Q.65 Carry TWO marks each.

Q.36 Let R[X] denote the ring of polynomials in X with real coefficients. Then, the
quotient ring R[X]/(X* +4) is

(A) | a field

(B) | an integral domain, but not a field

(C) | not an integral domain, but has 0 as the only nilpotent element

(D) | a ring which contains non-zero nilpotent elements
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Q.37 Consider the following conditions on two proper non-zero ideals J; and J, of a
non-zero commutative ring R.

P: For any r{,r, € R, there exists a unique r € R such that r —r; € J;
and r — ry € Js.

Q: Ji+.Jo=R

Then, which of the following statements is TRUE?

(A) | P implies Q but Q does not imply P

(B) | Q implies P but P does not imply Q

(C) | P implies Q and Q implies P

(D) | P does not imply Q and Q does not imply P
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Q.38 Let f : [-m,7m] — R be a continuous function such that f(z) > @, |z| < § for
some ¢ satisfying 0 < ¢ < 7. Define P, 5(z) = (14+-cosx—cosd)", forn =1,2,3,---.
Then, which of the following statements is TRUE?
2
(A) | im [ f(z)P.s(z)dx =0
n—oo
0
0
(B) | lim [ f(z)P,s(z)dx =0
n—oo
~26
5
(C) | lim [ f(x)P,s(x)dx =0
n—oo
=5
(D) | lim f(x)Pps(x)dx =0
n—oo
[—m,7\[=6,4]
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Q.39 P : Suppose that Zanx” converges at * = —3 and diverges at x = 6. Then
- n=0
> (=1)"a, converges.

n=0

(~1)"a"

is [—4,4].
4”logenls[ 4

o0
Q: The interval of convergence of the series Z
n=2

Which of the following statements is TRUE?

(A) | P is true and Q is true

(B) | P is false and Q is false

(C) | P is true and Q is false

(D) | P is false and Q is true
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Q.40 Let

{)32

fnlx) = 22+ (1 —nx)?’
Then, which of the following statements is TRUE?

z€0,1], n=1,2,3,--.

(A) | {fn} is not equicontinuous on [0, 1]

(B) | {fn} is uniformly convergent on [0, 1]

(C) | {fn} is equicontinuous on [0, 1]

(D) | {fn} is uniformly bounded and has a subsequence converging uniformly on [0, 1]
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Q.41 Let (Q, d) be the metric space with d(z,y) = |z —y|. Let E={pe Q:2 < p* < 3}.
Then, the set E is

(A) | closed but not compact

(B) | not closed but compact

(C) | compact

(D) | neither closed nor compact

MA Page 42 of 66
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Q.42 Let T : L?[—1,1] — L?[~1,1] be defined by T'f = f, where f(z) = f(—x) almost
everywhere. If M is the kernel of I — T', then the distance between the function
o(t) = €' and M is

(4) | W@ —eT 1D
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Q.43 Let X, Y and Z be Banach spaces. Suppose that T : X — Y is linear and
S 1Y — Z is linear, bounded and injective. In addition, if SoT : X — Z is
bounded, then, which of the following statements is TRUE?

(A) | T is surjective

(B) | T is bounded but not continuous

(C) | T is bounded

(D) | T is not bounded

MA Page 44 of 66
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polynomial of degree 2, using the data

It is found that

3

Then, the value of 1 is

af

Q.44 The first derivative of a function f € C°(—3, 3) is approximated by an interpolating
(_17 f(_l))v (07 f(O)) and (27 f(z))

J1(0) & —2f(~1) + af(0) + B (2).

MA
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Q.45 The work done by the force ' = (z + y)i — (22 + y?)j, where ¢ and j are unit

vectors in O‘)?2 and OY directions, respectively, along the upper half of the circle
2 4+ y* =1 from (1,0) to (—1,0) in the zy-plane is

(A) | =7

(B) | =3

©)]3

(D) | 7
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Q.46 Let u(x,t) be the solution of the wave equation

u  0%*u
W—w:Q 0<$<7T, t>0,
with the initial conditions
. . . ou
u(z,0) = sinz + sin 2z + sin 3z, E(w,O) =0, 0<z<m

and the boundary conditions u(0,t) = wu(m,t) = 0, ¢ > 0. Then, the value of

(37
U\ —=,m) 18
2’

(A) | —1/2

(C) ] 1/2
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Q.47 Let T : R? — R? be a linear transformation defined by
T((1,2)) = (1,0) and T((2,1)) = (1,1).
For p,q € R, let T7((p, ) = (z,y).

Which of the following statements is TRUE?

(A)|z=p—q y=2p—q

B)|lz=p+q¢ y=2p—q

C)le=p+q y=2p+q

D) |z=p—qg y=2p+q

MA Page 48 of 66
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Q.48 Let y = (o, —1)T, o € R be a feasible solution for the dual problem of the linear
programming problem
Maximize: o511 + 12x9
subject to: T+ 229 + 23 < 10
201 — 19+ 3x3 =8
T, T, T3 > 0.
Which of the following statements is TRUE?
(A) |a<3
B)|3<a<b5b
(C)|bbh<a<7
D) |a>T7
MA Page 49 of 66
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Q.49 Let K denote the subset of C consisting of elements algebraic over Q. Then, which
of the following statements are TRUE?

(A) | No element of C\K is algebraic over Q

(B) | K is an algebraically closed field

(C) | For any bijective ring homomorphism f : C — C, we have f(K) = K

(D) | There is no bijection between K and Q

MA Page 50 of 66
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Q.50 Let T be a Mobius transformation such that 7(0) = o, T'(a) = 0 and T'(c0) = —a,
where o = (=1 414)/v/2. Let L denote the straight line passing through the origin
with slope —1, and let C' denote the circle of unit radius centred at the origin.
Then, which of the following statements are TRUE?

(A) | T maps L to a straight line

(B) | T maps L to a circle

(C) | T7! maps C to a straight line

(D) | T~ maps C to a circle

MA Page 51 of 66
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Q.51 Let a > 0. Define D, : L?*(R) — L*(R) by (D,f) (z) = %

where, for f € L?(R). Then, which of the following statements are TRUE?

x
(—) , almost every-
a

(A) | D, is a linear isometry

(B) | D, is a bijection

(C) D,o D, = Da+b, b>0

(D) | D, is bounded from below

MA Page 52 of 66
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Q.52 Let {¢o, @1, o, - - - } be an orthonormal set in L?*[—1, 1] such that ¢,, = C, P,, where
C,, is a constant and P, is the Legendre polynomial of degree n, for each n € NU{0}.
Then, which of the following statements are TRUE?
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Q.53 Let X = (R, T), where T is the smallest topology on R in which all the singleton
sets are closed. Then, which of the following statements are TRUE?

(A) | [0,1) is compact in X

(B) | X is not first countable

(C) | X is second countable

(D) | X is first countable
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Q.54 Consider (Z,T'), where T is the topology generated by sets of the form
App={m+nk | kelZ},

for m,n € Z and n # 0. Then, which of the following statements are TRUE?

(A) | (Z,T) is connected

(B) | Each A,,, is a closed subset of (Z,T)

(C) | (z,T) is Hausdorff

(D) | (Z,T) is metrizable
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Q.55 Let A € R™" ¢ € R" and b € R™. Consider the linear programming primal
problem

Minimize: ¢’z
subject to:  Ax =1b
x> 0.

Let 2° and y° be feasible solutions of the primal and its dual, respectively. Which
of the following statements are TRUE?

(C) | If ¢"2” = b"9°, then 2° is optimal for the primal

(D) | If ¢"2° = bTy°, then 3° is optimal for the dual
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Q.56 Consider R? as a vector space with the usual operations of vector addition and
scalar multiplication. Let z € R® be denoted by x = (z1, 72, z3). Define subspaces
W1 and W2 by

Wy i:{$€R32$1+2I2—$3:0}

and
Wy = {r € R®: 2z, + 323 = 0}.

Let dim(U) denote the dimension of the subspace U.

Which of the following statements are TRUE?

(A) | dim(W;) = dim(Wy)

(B) | dim(W1) + dim(W) — dim(R?) = 1

(D) | dim(W; NWy) = 1

MA Page 57 of 66
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Q.57 Three companies C7, Cy and C3 submit bids for three jobs Ji, Js and J3. The costs
involved per unit are given in the table below:
Ji Jy J3
C; |10]12] 8
Cy | 9 [15]10
Cs 151101 9
Then, the cost of the optimal assignment is
MA Page 58 of 66
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d
Q.58 The initial value problem d—y = f(z,y), y(xo) = yo is solved by using the following
x
second order Runge-Kutta method:

Kl = hf(xlv ?Jz)
Ky = hf(z; +ah, y; + fK;)
1
Vi1 = yit+ - (K1 +3K), i>0,

4
where h is the uniform step length between the points xg,z1,--+,z, and y; =
y(x;). The value of the product af is (round off to TWO decimal
places).
MA Page 59 of 66
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Q.59 The surface area of the paraboloid z = 2% 4+ y? between the planes z = 0 and z = 1
is (round off to ONE decimal place).
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Q.60 The rate of change of f(z,y,2) = x+xcosz—ysinz+y at Fy in the direction from
PO(Q, —1, 0) to Pl(O, 1, 2) is

MA Page 61 of 66
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Q.61 If the Laplace equation

’u  O*u
or?  Oy?

with the boundary conditions

ou ou
ox

and

ou ar? Ou

a—y(ZI?, 1) = 7, a—y

has a solution, then the constant « is

—+—=0,1<z<2 I<y<?2

%(Ly):y? _(27y):57 1<Z/<2

(,2) =2, 1<x <2

MA
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Q.62 Let u(z,y) be the solution of the first order partial differential equation

0 0
xa—z+(x2+y)ai;:u, for all z,y € R

satisfying u(2,y) =y — 4, y € R. Then, the value of u(1,2) is
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Q.63 The optimal value for the linear programming problem
Maximize: 6x; + 5xo
subject to: 3z 4 2x9 < 12
—X1 + X9 < 1
r1,29 > 0
is
MA Page 64 of 66
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Q.64 A certain product is manufactured by plants P, P, and P; whose capacities are
15,25 and 10 units, respectively. The product is shipped to markets My, My, M;
and My, whose requirements are 10, 10, 10 and 20, respectively. The transportation
costs per unit are given in the table below.

My | My | Ms | My
Pl 3 1 3 |15
Pl 2 2 1 125
P3| 2 1 1 2 |10
10 | 10 | 10 | 20
Then the cost corresponding to the starting basic solution by the Northwest-corner
method is
MA Page 65 of 66
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Q.65 Let M be a 3 x 3 real matrix such that M? = 2M + 31. If the determinant of M
is —9, then the trace of M equals

MA Page 66 of 66
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Q. No. | Session | Question Subject | Key/Range Mark
Type Name
1 2 MCQ GA D 1
2 2 MCQ GA A 1
3 2 MCQ GA A 1
4 2 MCQ GA A 1
5 2 MCQ GA C 1
6 2 MCQ GA C 2
7 2 MCQ GA A 2
8 2 MCQ GA B 2
9 2 MCQ GA A 2
10 2 MCQ GA C 2
11 2 MCQ MA D 1
12 2 MCQ MA C 1
13 2 MCQ MA C 1
14 2 MCQ MA D 1
15 2 MCQ MA A 1
16 2 MCQ MA D 1
17 2 MCQ MA C 1
18 2 MCQ MA B 1
19 2 MCQ MA A 1
20 2 MCQ MA A 1
21 2 MCQ MA B 1
22 2 MCQ MA B 1
23 2 MCQ MA D 1
24 2 McQ MA B 1
25 2 MSQ MA B,C,D 1
26 2 NAT MA 30to 30 1
27 2 NAT MA 6 to 6 1
28 2 NAT MA 0.55 to 0.59 1
29 2 NAT MA 5to5 1
30 2 NAT MA lto1l 1
31 2 NAT MA 39 to 39 1
32 2 NAT MA 0.65 to 0.68 1
33 2 NAT MA lto1l 1
34 2 NAT MA 2 to 2 1
35 2 NAT MA 12 to 12 1
36 2 MCQ MA C 2
37 2 MCQ MA A 2
38 2 MCQ MA D 2
39 2 MCQ MA C 2
40 2 MCQ MA A 2
41 2 MCQ MA A 2
42 2 MCQ MA D 2
43 2 MCQ MA C 2
44 2 MCQ MA D 2
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45 2 MCQ MA B 2
46 2 MCQ MA B 2
47 2 MCQ MA B 2
48 2 MCQ MA D 2
49 2 MSQ MA A B,C 2
50 2 MSQ MA A, C 2
51 2 MSQ MA A, B,D 2
52 2 MSQ MA C,D 2
53 2 MSQ MA A, B 2
54 2 MSQ MA B,C,D 2
55 2 MSQ MA A CD 2
56 2 MSQ MA A, B,D 2
57 2 NAT MA 27 to 27 2
58 2 NAT MA 0.43 to 0.45 2
59 2 NAT MA 5.1 to 5.5 2
60 2 NAT MA 0toO 2
61 2 NAT MA 15 to 15 2
62 2 NAT MA lto1l 2
63 2 NAT MA 27 to 27 2
64 2 NAT MA 105 to 105 2
65 2 NAT MA 5to5 2

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [ 128] [GATE Maths 2023-2010]
Answer Key isAttached at the End of This Que Paper

(7% I =l Graduate Aptitude Test in Engineering 2021
g@'zj Organising Institute - IIT Bombay

Mathematics (MA)

General Aptitude (GA)

Q.1 — Q.5 Multiple Choice Question (MCQ), carry ONE mark each (for each wrong
answer: —1/3).

Q.1 The ratio of boys to girls in a class is 7 to 3.

Among the options below, an acceptable value for the total number of
students in the class is:

A) | 21

(B) | 37

() | 50

(D) | 73

Q.2 A polygon is convex if, for every pair of points, P and Q belonging to the
polygon, the line segment PQ lies completely inside or on the polygon.

Which one of the following is NOT a convex polygon?

(A)

(B)

(©)

(D)

MA-Copyright © GATE 2021 Page 1 of 29
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Q.3 Consider the following sentences:

Q) Everybody in the class is prepared for the exam.
(i) Babu invited Danish to his home because he enjoys playing chess.

Which of the following is the CORRECT observation about the above two
sentences?

(A) | (1) is grammatically correct and (ii) is unambiguous

(B) | (i) is grammatically incorrect and (ii) is unambiguous

(C) | (i) is grammatically correct and (ii) is ambiguous

(D) | (i) is grammatically incorrect and (ii) is ambiguous

MA-Copyright © GATE 2021 Page 2 of 29
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Q.4

K

\
1
— .
1

!

’f

\__/ e

A circular sheet of paper is folded along the lines in the directions shown. The
paper, after being punched in the final folded state as shown and unfolded in JJ/
the reverse order of folding, will look like

Lool<g,
.‘ !Jl(f
:ﬂu}x,

Laher)

A ' Op (4
Soluh'on . l

()0 @Mé,’h@ Skvuche ve
= 2 pshg (Wi ba ua«#ald}yﬁ

(B) =] e l‘n@ -((f(}’
- - RELAVAE
\/
]
(©) L AN Tt
H H R e bl

(D)
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Q5 is to surgery as writer is to

Which one of the following options maintains a similar logical relation in the
above sentence?

(A) | Plan, outline

(B) | Hospital, library

(C) | Doctor, book

(D) | Medicine, grammar

MA-Copyright © GATE 2021 Page 4 of 29
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Q. 6 — Q.10 Multiple Choice Question (MCQ), carry TWO marks each (for each wrong
answer: —2/3).

Q.6 We have 2 rectangular sheets of paper, M and N, of dimensions 6 cm x 1 cm
each. Sheet M is rolled to form an open cylinder by bringing the short edges
of the sheet together. Sheet N is cut into equal square patches and assembled
to form the largest possible closed cube. Assuming the ends of the cylinder
are closed, the ratio of the volume of the cylinder to that of the cube is

(A)

(B)

(©)

1o (w1

w
3

(D)

MA-Copyright © GATE 2021 Page 5 of 29
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Q.7
Items Cost Profit % | Marked Price
®) ®)
P 5,400 5,860
Q 25 10,000
Details of prices of two items P and Q are presented in the above table. The
ratio of cost of item P to cost of item Q is 3:4. Discount is calculated as the
difference between the marked price and the selling price. The profit
percentage is calculated as the ratio of the difference between selling price
and cost, to the cost (Profit % = se"mgé’;‘;e_““ X 100).
The discount on item Q, as a percentage of its marked price, is
(A) | 25
(B) | 125
(©) |10
(D) | 5
Q.8 There are five bags each containing identical sets of ten distinct chocolates.
One chocolate is picked from each bag.
The probability that at least two chocolates are identical is
(A) | 0.3024
(B) | 0.4235
(C) | 0.6976
(D) | 0.8125
MA-Copyright © GATE 2021 Page 6 of 29
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Q.9 Given below are two statements 1 and 2, and two conclusions | and I1.
Statement 1: All bacteria are microorganisms.

Statement 2: All pathogens are microorganisms.

Conclusion I: Some pathogens are bacteria.

Conclusion I1: All pathogens are not bacteria.

Based on the above statements and conclusions, which one of the following
options is logically CORRECT?

(A) | Only conclusion I is correct

(B) | Only conclusion Il is correct

(C) | Either conclusion I or Il is correct.

(D) | Neither conclusion I nor Il is correct.

Q.10 Some people suggest anti-obesity measures (AOM) such as displaying
calorie information in restaurant menus. Such measures sidestep addressing
the core problems that cause obesity: poverty and income inequality.

Which one of the following statements summarizes the passage?

(A) | The proposed AOM addresses the core problems that cause obesity.

(B) | If obesity reduces, poverty will naturally reduce, since obesity causes poverty.

(C) | AOM are addressing the core problems and are likely to succeed.

(D) | AOM are addressing the problem superficially.

MA-Copyright © GATE 2021 Page 7 of 29
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Q.1 - Q.14 Multiple Choice Question (MCQ), carry ONE mark each (for each wrong
answer: —1/3).

Q.1 Let A be a 3 x 4 matrix and B be a 4 X 3 matrix with real entries such that

AB is non-singular. Consider the following statements:
P: Nullity of A is 0.
Q: BA is a non-singular matrix.

Then

(A) | both P and Q are TRUE

(B) | Pis TRUE and Q is FALSE

(C) | P is FALSE and Q is TRUE

(D) | both P and Q are FALSE

MA-Copyright © GATE 2021 Page 8 of 29
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Q.2 Let f(z) = u(x,y) +iv(x,y) forz =x+ iy € C, where x and y are real
numbers, be a non-constant analytic function on the complex plane C. Let u,,

v, and u,, v, denote the first order partial derivatives of u(x,y) = Re(f(2))

and v(x,y) = Im(f(z)) with respect to real variables x and y, respectively.

Consider the following two functions defined on C:
91(2) = u,(x,y) —iu, (x,y) for z=x+1iy €,
92(2) = vi(x,y) +iv,(x,y) for z=x+iy€C.

Then

(A) | both g,(z) and g,(z) are analytic in C

(B) | g1(2) is analytic in C and g,(z) is NOT analytic in C

(C) | g1(2) is NOT analytic in C and g,(z) is analytic in C

(D) | neither g,(2) nor g,(z) is analytic in C

Q3 Let T(z) = ‘;:Z ,ad — bc + 0, be the Mobius transformation which maps

the points z; = 0, z, = —i, z3 = oo in the z-plane onto the points w; = 10,
w, = 5 —5i, ws = 5+ 5i in the w-plane, respectively. Then the image of the
setS= {z€C : Re(z) < 0}underthe mapw = T(z) is

(A) |{wecC: |w| <5}

B) [{wecC : |w|> 5}

©) | {wecC : |w=-5| <5}

(D) |[{weC : |w-5|>5}
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Q4 Let R be the row reduced echelon form of a 4 x 4 real matrix 4 and let the
0
third column of R be (1) . Consider the following statements:
0

a
P: If 5 is a solution of Ax = 0, then y = 0.
0

Q: Forallb € R*, rank[A|b] = rank[R|b].

Then

(A) | both P and Q are TRUE

(B) | P is TRUE and Q is FALSE

(C) | PisFALSE and Q is TRUE

(D) | both P and Q are FALSE

Q.5 The eigenvalues of the boundary value problem

d?y

. — €

Ix? + Ay =0, x € (0,m), A>0,

y©0) =0, ym-Lm=o

are given by

(A) | 2 = (nm)?, n=123..

B)|1=n% n=1.23,..

(C)| 2 = k2, wherek,,n=1,2,3,.. are the roots of k — tan(km) =0

(D) | 2 = k2, where k,,n = 1,2,3, ... are the roots of k + tan(km) = 0
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Q.6 | The family of surfaces given by u = xy + f(x? — y*), where f:R > Ris a
differentiable function, satisfies

(A) | Ou ou ) )
y ) +x 3y =x“+y
(B)| OJu ou

6x+y6y_x + y2

(C)| Ou au_
yax xay x* =98

(D) au ou > h
(')x Y3y dy I

Q.7 | The function u(x, t) satisfies the initial value problem

?u  u
atz—a—z,xe R t>0

u(x,0) =0, %(x, 0) = 4xe "
Then u(5,5) is

1
- Ty
e
(B) | 1 — e100
1
©,_ E
e
(D) | 1—e'0
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Q.8 Consider the fixed-point iteration
Xn+1 = @(x,), n 20,

with e = 3+ (x—3)° x €(25, 3.5)

and the initial approximation *p = 3.25.

Then, the order of convergence of the fixed-point iteration method is
(A1

B) | 2

©) |3

(D) | 4

Q.9 Let{e, : n=1,2,3,...} be an orthonormal basis of a complex Hilbert space

H. Consider the following statements:

P: There exists a bounded linear functional f: H — C such that f(e,) = %

form =1,2,3, ...
Q: There exists a bounded linear functional g: H — C such that g(e,,) = \/ii
forn =1,2,3, ...
Then

(A) | both P-and Q are TRUE

(B) | P is TRUE and Q is FALSE

(C) | Pis FALSE and Q is TRUE

(D) | both P and Q are FALSE
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Q.10

Let f: (_2—"'2—’) — Rbe given by f(x) = =+ x — tan™'x. Consider the

following statements:
P: If(0) — FO)I < lx =yl forall xy € (F.5)

2
Q: f has a fixed point.
Then

(A)

both P and Q are TRUE

(B)

Pis TRUE and Q is FALSE

(©)

P is FALSE and Q is TRUE

(D)

both P and Q are FALSE

Q.11

Consider the following statements:
P: di(x,y) = | log G) | is a metric on (0, 1).

if x+y,

. _ (x| + 1yl
Q' dz(x:J’)—{ 0, ifx=y,

Then

is a metric on (0,1).

(A)

both P and Q are TRUE

(B)

Pis TRUE and Q is FALSE

(©)

P is FALSE and Q is TRUE

(D)

both P and Q are FALSE
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Q.12 | Let f: R3 - R be a twice continuously differentiable scalar field such that
div(Vf) = 6. Let S be the surface x2 + y% + z% = 1 and f be unit outward
normal to S. Then the value of [[(Vf-7) dS s

A |27

B)|4m

©C |67

(D) | 87

Q.13 | Consider the following statements:

P: Every compact metrizable topological space is separable.
Q: Every Hausdorff topology on a finite set is metrizable.
Then

(A) | both P and Q are TRUE

(B) | Pis TRUE and Q is FALSE

(C) | PisFALSE and Q is TRUE

(D) | both P and Q are FALSE

Q.14 | Consider the following topologies on the set R of all real numbers:
Ti={UcR:0¢Uor U=R}

T,={UcR:0€Uor U =0},

Ts =Ty N T,.

Then the closure of the set {1} in (R, T3) is

(A) | {13

(B) [ {0,1}

©) | R

(D) | R\{0}
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Q.15- Q.25 Numerical Answer Type (NAT), carry ONE mark each (no negative marks).

Q.15 | Let f: R? - R be differentiable. Let D, f(0,0) and D,,f(0, 0) be the

directional derivatives of f at (0, 0) in the directions of the unit vectors
2 -1

_ (1 2z _ (1 1 . _
u= (\/g,ﬁ) and v = (ﬁ,ﬁ), respectively. If D,£(0,0) =+/5 and

D,£(0,0) = V2, then 2 (0,0) + % (0,0) =

Q.16 | | et r denote the boundary of the square region R with vertices (0,0), (2,0),
(2,2) and (0, 2) oriented in the counter-clockwise direction. Then

f(l—yz)dx+xdy=

r

Q.17 | The number of 5-Sylow subgroups in the symmetric group S of degree 5 is

Q.18 | Let I be the ideal generated by x? + x + 1 in the polynomial ring R = Z3[x],
where Z3 denotes the ring of integers modulo 3. Then the number of units in
the quotient ring R/1 is

Q.19 | Let T:R3 - R3 be a linear transformation such that

i) )l D=L

1
Then the rank of T is .

1
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Q.20 | Let y(x) be the solution of the following initial value problem

2d%y 4 dy _
x° = 4xdx+6y—0, x>0,

y(2) =0, %(2) =4,

Theny(4) =

Q.21 | Let
fxX)= x*+ 2x3 —11x*-12x+36 for x €R.

The order of convergence of the Newton-Raphson method

f(xn)

X = =, n =0,
n+1 n f,(xn)

with xo = 2.1, for finding the root a =2 of the equation f(x) = 0 is

Q.22 | If the polynomial
px)=a+ B(x+2)+y(x+2)(x+1)+6d(x+2)(x+ Dx
interpolates the data

X = -1 0 1 2

f(x) 2 -1 8 5 -34

then a + g+ vy + 6 =

MA-Copyright © GATE 2021 Page 16 of 29

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [ 144] [GATE Maths 2023-2010]

(e7:% | = Graduate Aptitude Test in Engineering 2021
2::'2_'] Organising Institute - IIT Bombay

—

Mathematics (MA)

Q.23 | Consider the Linear Programming Problem P:
Maximize 2x; + 3x,
subject to
2x1 +x2 <6,
—x1+x, <1,
X1 +x; <3,
xy=0and x, = 0.

Then the optimal value of the dual of P is equal to

Q.24 | Consider the Linear Programming Problem P:
Minimize 2x; — 5x,

subject to
2xq1+3x; + 54 =12,
—X1+Xx,+ 55 =1,
—X1+2x5 + 53 =3,
x>0, x20, s1=0, s,>0, and s3> 0.
X1
H

wn @«

1J is a basic feasible solution of P, then x; + s;+ s, + s3 =
2

|

7]
w

Q.25 | Let H be a complex Hilbert space. Let u, v € H be such that (u,v) = 2. Then

1 2
S f |lu+ e""“v”2 elt dt =
0
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Q.26 — Q.43 Multiple Choice Question (MCQ), carry TWO mark each (for each wrong
answer: —2/3).

Q.26 | Let Z denote the ring of integers. Consider the subring
R = {a +bv-17: ab € Z} of the field C of complex numbers.

Consider the following statements:
P: 2 4++/—17 isanirreducible element.

Q: 2+ +/—17 isaprime element.
Then

(A) | both P and Q are TRUE

(B) | P is TRUE and Q is FALSE

(C) | PisFALSE and Q is TRUE

(D) | both P and Q are FALSE

Q.27 | Consider the second-order partial differential equation (PDE)

62u+4azu + (x* + 4 2)azu— in(x +y)
EP%) o, x y ayz—smx y).

Consider the following statements:

2
P: The PDE is parabolic on the ellipse % +y%=1.

2
Q: The PDE is hyperbolic inside the ellipse =+ y* = 1.
Then

(A) | both P and Q are TRUE

(B) | P is TRUE and Q is FALSE

(C) | Pis FALSE and Q is TRUE

(D) | both P and Q are FALSE
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Q.28 | If u(x,y) is the solution of the Cauchy problem
xg—:+ g—;l:l, u(x,0) = —x%, x>0,
then u(2,1) is equal to

(A)|1—-2e72

(B) [1+4e?

(C)|1—4e2

D) |1+2e2
Q.29 | Let y(t) be the solution of the initial value problem

d? d
y+a—y+by=f(t), a>0, b >0, a+b,

de2 T U dt \
y(©@ =0, =X(0)=0,

obtained by the method of Laplace transform. Then

a’ —4b =0,

(A)

t  —at
y(t)=J te 2 f(t—1)dr
0

(B)

or fte_Tan(t—T) dr
0

(©)

¢ —bt
y(t) = J te 2 f(t—1)dr
0

(D)

t _pt
() = f e f(t—1)de
0
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Q.30

The critical point of the differential equation

Ly

dt2+2a%+ B’y =0, a> B>0,

isa

(A)

node and is asymptotically stable

(B)

spiral point and is asymptotically stable

(©)

node and is unstable

(D)

saddle point and is unstable

Q.31

The initial value problem

d

—=fy), t>0 y0)=1,
where f(t,y) = —10 y, is solved by the following Euler method

Yn+1 =Yn thf(t,y,), n =20,
with step-size h. Then y,, —» 0 asn — oo, provided

(A)

0 < h<02

(B)

03 < h<04

(©)

04 < h <05

(D)

0.5 < h <0.55
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Q.32 | Consider the Linear Programming Problem P:
Maximize c1x1 + €3x,
subject to
a;1x1 + ag2x < byq,
az1X1 + Az2X7 < by,
az1x1 + azzx, < bz,

x1 = 0 and x, = 0, where a;;, b; and ¢; are real numbers (i = 1,2,3;j =
1,2).
p
1 X
feasible solutions [x;] of P satisfy —5 < cq1xq + c2x < 12.

Let [ ] be a feasible solution of P such that p ¢y + q c; = 6 and let all

Then, which one of the following statements is NOT true?

(A) | P has an optimal solution

(B) | The feasible region of P is a bounded set

© Ly
If (V2
3

(D) | The dual of P has at least one feasible solution

is a feasible solution of the dual of P, then byy, + b,y, + bsy; = 6

Q.33 | Let L%[—1, 1] be the Hilbert space of real valued square integrable functions
1/2

on [—1, 1] equipped with the norm ||f|| = (f_lllf(x)l2 dx) .

Consider the subspace M = {f € L?[-1,1] : f_llf(x)dx = 0}.

For f(x) = x2, define d=inf {||[f —gll: g € M}. Then

| 2
E
®)| 42
3
© 4. 2
V2
(D) 3
d= =
2
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Q.34 | Let €[0, 1] be the Banach space of real valued continuous functions on [0, 1]
equipped with the supremum norm. Define T: C[0,1] — C[0,1] by

X

TN = [xr@ de
0
Let R(T) denote the range space of T. Consider the following statements:

P: T is a bounded linear operator.
Q: T L:R(T) - C[0,1] exists and is bounded.
Then

(A) | both P and Q are TRUE

(B) | P is TRUE and Q is FALSE

(C) | PisFALSE and Q is TRUE

(D) | both P and Q are FALSE

Q.35 |Let#!={x=(x(1),x(2),..,x(n),...) | Xo_4lx(n)| < oo} be the sequence
space equipped with the norm  ||x|| = Y»,-;|x(n)|. Consider the subspace

X={x€t’1= anx(n)l <°°}.

n=1
and the linear transformation T:X — €1 given by

(Tx)(n) =nx(n) forn=1,2,3,.... Then

(A) | T is closed but NOT bounded

(B) | T is bounded

(C) | T is neither closed nor bounded

(D) | T~ exists and is an open map
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Q.36

Let f,,:[0,10] - Rbe givenby f,(x) =nax3e ™ for n =1,2,3,....

Consider the following statements:

P: (fyn) is equicontinuous on [0, 10].

Q: Y=1fn does NOT converge uniformly on [0, 10].
Then

(A)

both P and Q are TRUE

(B)

Pis TRUE and Q is FALSE

(©)

P is FALSE and Q is TRUE

(D)

both P and Q are FALSE

Q.37

Let f: R? - R be given by

foey) = {W Osin(yz/x) 220
ImMx=0.

Consider the following statements:

P: fis continuous at (0,0) but f is NOT differentiable at (0, 0).
Q: The directional derivative D, f(0,0) of f at (0, 0) exists in the direction of

every unit vector u € R2.
Then

(A)

both P and Q are TRUE

(B)

Pis TRUE and Q is FALSE

(©)

P is FALSE and Q is TRUE

(D)

both P and Q are FALSE
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Q.38 | Let V be the solid region in R3 bounded by the paraboloid y = (x? + z2)
and the plane y = 4. Then the value of [[f 15Vx2 + z%dV is

(A) | 1287w

(B) |64

C)| 287

(D) | 2567

Q.39 | Let f:R? > Rbegivenby f(x,y) = 4xy — 2 x* — y*. Then f has

(A) | a point of local maximum and a saddle point

(B) | a point of local minimum and a saddle point

(C) | a point of local maximum and a point of local minimum

(D) | two saddle points

Q.40 | The equation xy —zlogy + e** =1 can be solved in a neighborhood of the
point (0,1,1) as y = f(x, z) for some continuously differentiable function f.
Then

(A) | V£(0,1) = (2,0)
(B) | Vf(0,1) =(0,2)
(©) | VA0, 1) = (0,1)
(D) | Vf(0,1) = (1,0)
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Q.41 | Consider the following topologies on the set R of all real numbers.
T, is the upper limit topology having all sets (a, b] as basis.

T, = {U c R: R\U is finite} U {@}.

T is the standard topology having all sets (a, b) as basis.

Then

A)| T, c T; € T,

B)| T, c T, c T,

C)|T; €T, € Ty

(D) | T, c T, € Ty

Q.42 | Let R denote the set of all real numbers. Consider the following topological

spaces.

X1 = (R, Tq), where Ty is the upper limit topology having all sets (a, b] as
basis.

X, = (R, T,), where T, = {U c R : R\U is finite} U {@}.

Then

(A) | both X; and X, are connected

(B) | X, is connected and X, is NOT connected

(C) | X, is NOT connected and X, is connected

(D) | neither X; nor X, is connected
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Q.43 | Let (-, -): R®™ x R™ - R be an inner product on the vector space R™ over R.
Consider the following statements:

P: uv)| < % (uwu) + (v,v)) forallu,v € R™

Q: If{u,v) = (2u, —v) forall v € R", thenu = 0.
Then

(A) | both P and Q are TRUE

(B) | Pis TRUE and Q is FALSE

(C) | PisFALSE and Q is TRUE

(D) | both P and Q are FALSE
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Q.44 -Q.55 Numerical Answer Type (NAT), carry TWO mark each (no negative marks).

Q.44 | Let G be a group of order 5% with center having 5% elements. Then the
number of conjugacy classes in G is

Q.45 | Let F be a finite field and F* be the group of all nonzero elements of F under
multiplication. If F* has a subgroup of order 17, then the smallest possible
order of the field F is

Q46 |LetR={z=x+iy €C: 0<x<1land —11m<y<1lm}andrbe
the positively oriented boundary of R. Then the value of the integral
1 e’ dz

2mwi ) e —2
r

Q.47 |LetD= {z€C : |z| <2m}and f: D — C be the function defined by

3 z? 20
f(2) = {(1 - cosz) shishs
6 ifz=0.

Iff(z) = Y,-pa,z"forze D, then 6a, =

Q.48 | The number of zeroes (counting multiplicity) of P(z) = 325 + 2iz* + 7iz +
1 intheannularregion{zeC : 1< |z| <7} is

Q.49 | Let A be a square matrix such that det(xI — A) = x*(x — 1)%(x — 2)3,
where det(M) denotes the determinant of a square matrix M.

If rank(4?) < rank(43) = rank(4%), then the geometric multiplicity of
the eigenvalue 0 of A is .
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Q.50 | Ify =35, arxk, (ay # 0) is the power series solution of the differential
2

equation % — 24 x*y = 0, then Z—“ =

0

Q.51 | If u(x,t) = Ae tsinx solves the following initial boundary value problem
du 0d*u
ot ox?’
u(0,t) = u(m,t) =0, t>0,

0<x<m, t>0,

V14
60, 0<x < 2
u(x,0) = -
40, E<x<1t,

then TA =

Q52 | LetV= {p: p(x) = ap+ a;x + ax* ay a;,a, €R }be the vector
space of all polynomials of degree at most 2 over the real field R. LetT:V —
V be the linear operator given by

T(p) = (p(0) — p(1) + (p(0) + p(1)) x + p(0) x%.
Then the sum of the eigenvalues of T is

Q.53 | The quadrature formula

2
fo xf)dx~ af(0)+ B+ v f(2)

is exact for all polynomials of degree < 2. Then 28 — y =

Q.54 | For each x € (0, 1], consider the decimal representation x =-d{d,d3 - d, .
Define f:[0,1] - R by f(x) = 0 if x is rational and f(x) = 18 n if x is
irrational, where n is the number of zeroes immediately after the decimal
point up to the first nonzero digit in the decimal representation of x. Then

the Lebesgue integral f01 f(x)dx =
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(7% I =l Graduate Aptitude Test in Engineering 2021

3@2_1 Organising Institute - IIT Bombay
Mathematics (MA)
Q.55 11/3
LetX = | 2/3 | be an optimal solution of the following Linear Programming
0
Problem P:
Maximize 4x1 + x5 — 3x3
subject to
2xq +4x,; + axz < 10,
xl—x2+bx3 <3,
2x1 + 3x2 + 5x3 <11,
x1 =0, x, = 0and x3 = 0, where a, b are real numbers.
p
If y = [ql is an optimal solution of the dual of P, then p+q +1r =
r
(round off to two decimal places).
END OF THE QUESTION PAPER
MA-Copyright © GATE 2021 Page 29 of 29
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GATE 2021 Answer Key for Mathematics (MA)

Graduate Aptitude Test in Engineering (GATE 2021)

Answer Keys and Marks for Subject/Paper: Mathematics (MA)

. ssion| sor e | Secton | e | g | Mo
1 5 McQ GA C 1 1/3
2 5 McQ GA A 1 1/3
3 5 McQ GA C 1 1/3
4 5 McQ GA A 1 1/3
5 5 McQ GA C 1 1/3
6 5 McQ GA C 2 2/3
7 5 McQ GA C 2 2/3
8 5 McQ GA C 2 2/3
9 5 McQ GA D 2 2/3
10 5 McQ GA D 2 2/3
1 5 MCQ MA D 1 1/3
2 5 MCQ MA B 1 1/3
3 5 MCQ MA C 1 1/3
4 5 MCQ MA D 1 1/3
5 5 MCQ MA C 1 1/3
6 5 MCQ MA A 1 1/3
7 5 MCQ MA A 1 1/3
8 5 MCQ MA C 1 1/3
9 5 MCQ MA B 1 1/3
10 5 MCQ MA D 1 1/3 NEW
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Qo [session| oot | e | keyroonge | M0 | M
11 5 McQ MA A 1 1/3
12 5 McQ MA D 1 1/3
13 5 McQ MA A 1 1/3
14 5 McQ MA c 1 1/3
15 5 NAT MA 4to4 1 0
16 5 NAT MA 12 to 12 1 0
17 5 NAT MA 6to6 1 0
18 5 NAT MA 6to6 1 0
19 5 NAT MA 2to2 1 0
20 5 NAT MA 32 to 32 1 0
21 5 NAT MA 1to1 1 0
22 5 NAT MA 1to 1 1 0
23 5 NAT MA 8to8 1 0
24 5 NAT MA 5to5 1 0
25 5 NAT MA 2to2 1 0
26 5 MCQ MA B 2 2/3
27 5 McQ MA A 2 2/3
28 5 McQ MA C 2 2/3
29 5 McQ MA A 2 2/3
30 5 McQ MA A 2 2/3
31 5 McQ MA A 2 2/3
32 5 McQ MA B 2 2/3
33 5 McQ MA A 2 2/3
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GATE 2021 Answer Key for Mathematics (MA)

o [ seson| TS | Sectn | e | s | M
34 5 McCQ MA B 2 2/3
35 5 McCQ MA A 2 2/3
36 5 McCQ MA B 2 2/3
37 5 MCQ MA A 2 2/3
38 5 McCQ MA A 2 2/3
39 5 MCQ MA A 2 2/3
40 5 MCQ MA A 2 2/3
41 5 McCQ MA A 2 2/3
42 5 McCQ MA C 2 2/3
43 5 McCQ MA A 2 2/3
44 5 NAT MA 145 to 145 2 0
45 5 NAT MA 103 to 103 2 0
46 5 NAT MA 11 to 11 2 0
47 5 NAT MA 3to3 2 0
48 5 NAT MA 4to4 2 0
49 5 NAT MA MTA 2 0 NEW
50 5 NAT MA 2to 2 2 0
51 5 NAT MA 200 to 200 2 0
52 5 NAT MA 1to1 2 0
53 5 NAT MA 2to 2 2 0
54 5 NAT MA 2to 2 2 0
55 5 NAT MA 3.14to 3.18 2 0

MTA means Marks to All
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GATE 2020 IT Delhi

Organising Institute

Graduate Aptitude Test in Engineering 2020

Information Brochure GATE International Pre Examination Important Dates Contact Us

MA: Mathematics

GA - General Aptitude
Q1 - Q5 carry one mark each.

QNo.1  Rajiv Gandhi Khel Ratna Award was conferred Mary Kom. a six-time world
champion in boxing, recently in a ceremony__ the Rashtrapati Bhawan (the President’s
official residence) in New Delhi.

(A) with, at

(B) on, in

©) on, at

(D) to, at

QNo. 2 Despite a string of poor performances, the chances of K. L. Rahul’s selection in the team

are
(A slim
(B) bright
© obvious
D) uncertain

Q.No.3  Select the word that fits the analogy:

Cover : Uncover :: Associate :

(A) Unassociate
(B) Inassociate
(©) Misassociate
(D) Dissociate

QNo.4  Hit by floeds, the kharif (summer sown) crops in various parts of the country have been
affected. Officials believe that the loss in production of the kharif crops can be recovered in
the output of the rabi (winter sown) crops so that the country can achieve its food-grain
production target of 291 million tons in the crop year 2019-20 (July-June). They are
hopeful that good rains in July-August will help the soil retain moisture for a longer period,
helping winter sown crops such as wheat and pulses during the November-February period.

Which of the following statements can be inferred from the given passage?

(A) Officials declared that the food-grain production target will be met due to good rains.

(®) Officials want the food-grain production target to be met by the November-February
period.

(©) Officials feel that the food-grain production target cannot be met due to floods.

(D) Officials hope that the food-grain production target will be met due to a good rabi
produce.

Q.No.5 The difference between the sum of the first 2n natural numbers and the sum of the first n
odd natural numbers is
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() n®—n
(B) n®+n
©) n*—n
0) 2nf+n

Q6 - Q10 carry two marks each.

Q.No.6  Repo rate is the rate at which Reserve Bank of India (RBI) lends commercial banks, and
reverse repo rate is the rate at which RBI borrows money from commercial banks.

Which of the following statements can be inferred from the above passage?

(A) Decrease in repo rate will increase cost of borrowing and decrease lending by
commercial banks.

(B) Increase in repo rate will decrease cost of borrowing and increase lending by
commercial banks.

(©) Increase in repo rate will decrease cost of borrowing and decrease lending by
commercial banks.

(D) Decrease in repo rate will decrease cost of borrowing and increase lending by
commercial banks.

QNo.7  P.Q.R.S.T,U,V,and W are seated around a circular table.
I. S is seated opposite to W.
II. U is seated at the second place to the right of R.
11, T is seated at the third place to the left of R.
IV. V is a neighbour of S.

Which of the following must be true?

(A P is a neighbour of R.

(B) Q is a neighbour of R.

(C) P is not seated opposite to Q.
D) R is the left neighbour of S.

Q.No. 8 The distance between Delhi and Agra is 233 km. A car P started travelling from Delhi to
Agra and another car Q started from Agra to Delhi along the same road 1 hour after the car
P started. The two cars crossed each other 75 minutes after the car O started. Both cars
were travelling at constant speed. The speed of car P was 10 km/hr more than the speed of
car (). How many kilometers the car O had travelled when the cars crossed each other?

(A) 66.6

(B) 75.2

(C) 88.2

(D) 116.5

a.No.9  Foramatrix M = [my;]; i,j = 1,2,3,4, the diagonal elements are all zero and m;; = —m;.
The minimum number of elements required to fully specify the matrix is

(A) 0

(B) 6

(€) 12

(D) 16

Q.No. 10
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The profit shares of two companies P and Q are shown in the figure. If the two companies
have invested a fixed and equal amount every year, then the ratio of the total revenue of
company P to the total revenue of company Q, during 2013 - 2018 is

70
B Company P
60 @O Company Q
o 20
&
g 40
&
o
& 30
2
o
20
10
0 f | : N o 3 3
2013 2014 2015 2016 2017 2018
Year
(A 15:17
(B) 16:17
© 17545
(D) 17:16

MA: Mathematics
Q1 - Q25 carry one mark each.

Q.No.1  Suppose that 3; and 3, are topologies on X induced by metrics d; and d,,

respectively, such that 3J; € J,. Then which of the following statements is

TRUE?
(A) If a sequence converges in (X, d;) then it converges in (X, d;)
(B) If a sequence converges in (X, d) then it converges in (X, d;)
© Every open ball in (X, d;) is an open ball in (X, d;)
(D) The map x = x from (X,d,) to (X,d,) is continuous

QNo.2  Let D = [-1,1] x [—1, 1]. If the function f: D — R is defined by

2 (x,y) # (0,0)

)= {7
0, (x,y) = (0,0)
then
(A) f is continuous at (0, 0)
(®) both the first order partial derivatives of f exist at (0, 0)
1
© If, 1f G, )2 dx dy is finite
D) ﬂn |f(x,y)| dx dy is finite

Q.No. 3
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(B)
©
(D)

Q.No. 5

(A)
(B)
©
(D)

Q.No. 6

(B)

©

The initial value problem

) W

r

ys, y(0)=b

b
Il

has
a unique solution if b =0

no solution if b =1
infinitely many solutions if b = 2

a unique solution if h =1

Consider the following statements:

1:  log(|z|) is harmonic on C \ {0}

II: log(]z|) has a harmonic conjugate on C \ {0}

Then

both 1 and II are true
1is true but 11 is false
1 is false but Il is true
both I and Il are false

Let G and H be defined by
G=C\{z=x+iyeC: x<0,y=0},
H=C\{z=x+iyelC:xcZ x=0, y=0}
Suppose f:G — € and g: H = C are analytic functions. Consider the following

statements:

B f? f dz is independent of paths y in G joining —i and {

Il: _l'y g dz is independent of paths y in H joining —i and i

Then

both I and Il are true
1 is true but 11 is false
1 is false but II is true
both I and II are false

Let f(z) = e'/?, z € C\ {0} and let. for n € N,
Ro={z=x+iyecC:|x <, lyl<2}\ {0}

If for a subset S of €, S denotes the closure of S in C. then
f(Rusa) #f(Ry)

fR\ f(Rns1) = f(Rn \ Rpsa)

FINGZ1Ra) = N3y f(Ry)
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(D)

Q.No. 7

(A)
(B)
©
(D)

Q.No. 8

(B)
(©

Q.No. 9

(A)

(B)

(©

Q.No. 10

(B)
©

f(Rn) = f(Rns1)

Suppose that
U=R2\{(x,y)ER?: x,yeQ}.
2 2 1
V=R \{(x,y)EIR :x>0,y=;].

Then. with respect to the Euclidean metric on R?,
both U/ and V are disconnected

U is disconnected but V is connected

U is connected but V is disconnected

both U and V are connected

[GATE Maths 2023-2010]

If (D1) and (D2) denote the dual problems of the linear programming problems

(P1) and (P2), respectively. where

(P1): minimize x; —2x, subjectto —xy +x, = 10. xy,x; = 0.

(P2) : minimize x; — 2x; subjectto —x; + x; = 10,x; —x; = 10, x3,%; = 0,

then
both (D1) and (D2) are infeasible

(P2) is infeasible and (D?2) is feasible
(D1) is infeasible and (D2) is feasible but unbounded
(P1) is feasible but unbounded and (D1) is feasible

If (4,0) and (0, - %) are critical points of the function

fl,y)=5—=(a+B)x*+ By* + (a+ 1)y* + x5,

where @, f € R, then

(4, - %) is a point of local maxima of f
(4, - %) is a saddle point of f

a=4 =2

(4,—2) is a point of local minima of f

Consider the iterative scheme

+ 3 nz=1,
2 Xn-1

with initial point x, > 0. Then the sequence {x,,}
converges only if x; > 1

converges only if x5 < 3

converges for any x,

does not converge for any x,
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Q.No. 11 Let C[0,1] denote the space of all real-valued continuous functions on [0,1]

equipped with the supremum norm |[|]l.. Let T: C[0,1] = C[0, 1] be the linear
operator defined by

x

TN = [ e fay.

0
Then
A) ITIl =1
(B) I —T isnotinvertible
@) T is surjective
(D) Ni+Tl=1+]|TIl

QNo. 12 Suppose that M is a 5 X 5 matrix with real entries and p(x) = det(x/ — M). Then
(A) p(0) = det(M)

(8) every eigenvalue of M is real if p(1) + p(2) = 0 = p(2) + p(3)
© M~ is necessarily a polynomial in M of degree 4 if M is invertible
() M is not invertible if M — 2M = 0

Q.No. 13 Let C[0,1] denote the space of all real-valued continuous functions on [0,1]

equipped with the supremum norm ||-||. Let f € C[0, 1] be such that

|f(x) = f(¥)| < M|x — y|, for all x,y € [0,1] and for some M > 0.

1
Forn € N, let f(x) = f(x“'r?). If §= {f,: n€ N} then

(A the closure of S is compact

(B) S is closed and bounded

(C) S is bounded but not totally bounded
D) S is compact

QNo.14 Let K : R X (0,90) — R be a function such that the solution of the initial value

a%u

ax2 !

problem 2—1: = u(x,0)=f(x), x€ R, t>0,is given by

w6 = f K(x -3, DF ) dy

R

for all bounded continuous functions f. Then the value of fm: K(x, t)dx

is
Q.No. 15 The number of cyclic subgroups of the quaternion group
0, =(a.b|art =1, 2 =b% ba=d"b)

is

Q.No. 16 The number of elements of order 3 in the symmetric group S is
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Q.No. 17

Q.No. 18

Q.No. 19

Q.No. 20

Q.No. 21

Q.No. 22

Let F be the field with 4096 elements. The number of proper subfields of F is

If (x7,x3) is an optimal solution of the linear programming problem,

minimize x; + 2x;

subject to

4x, —x, =8

2x; +x, =210

—xX; +x, <7
X, X2 20

and (A3, A5, A3) is an optimal solution of its dual problem. then ¥'7_, x; + E?=1 A

1s equal to (correct up to one decimal place)

Let a, b, c € R be such that the quadrature rule

1
| r@ax = a1 + b7 + £’ )
-1
is exact for all polynomials of degree less than or equal to 2. Then b is equal
to (rounded off to two decimal places)

Let f(x) = x* and let p(x) be the interpolating polynomial of f at nodes 1,2 and
3. Then p(0) is equal to

Forn = 2, define the sequence {x,,} by

3

F

1 1

X, = EI tann t dt.
0

Then the sequence {x,,} converges to (correct up to two decimal

places)
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Let

E%]0,10]:= {f: [0,10] = R : f is Lebesgue measurable and fnmfzdx < 00}

1

equipped with the norm ||f|| = (fﬂw fdx )E and let T be the linear functional on

L?[0,10] given by

() = f FO)dx — j FQ)dx.
0 3

Then [|T]| is equal to

Q.No. 23 If {Xy3, X929, Xo3 = 10, X371, X35, X34} is the set of basic variables of a balanced
transportation problem seeking to minimize cost of transportation from origins to

destinations, where the cost matrix is,

Dy | Dy D; | Dy | Availability

0, |6 2 | -1 |0 10
0, |4 2 2 |3 A+5
0, |3 1 2 [ 1 34

15

+
wul

Demand | 10 | u—5| u

and A, 4 € R, then x5, is equal to

Q.No. 24 Let Zy;5 be the ring of integers modulo 225. If x is the number of prime ideals

and y is the number of nontrivial units in Z,,:. then x + y is equal to
QNo. 25 Let u(x,t) be the solution of

0%u  9%u

du
ﬁ—ﬁ—o, u(x,[])—f(x): E(xlo)_ﬂ' xER,t)U;

where f is a twice continuously differentiable function. If f(—2) = 4, f(0) = 0,
and u(2,2) = 8, then the value of u(1, 3) is

Q26 - Q55 carry two marks each.

Q.No. 26 Let {e,}n=; be an orthonormal basis for a separable Hilbert space H with the

inner product { -, - ). Define

1
ﬁ? =én _n—i-Ie“H forn € N.
Then
(A) the closure of the span {f,: n € N} equals H
;) f=0if{f,f,)={f.e,) foralln e N
© {fi )=y is an orthogonal subset of H
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(D) there does not exist nonzero f € H such that (f,e,) = {f, f5)

Q.No. 27 Suppose V is a finite dimensional non-zero vector space over Cand T:V = V isa
linear transformation such that Range(T) = Nullspace(T). Then which of the

following statements is FALSE?

(A) The dimension of V is even

(B) 0 is the only eigenvalue of T

(€ Both 0 and 1 are eigenvalues of T
(D) T®=0

QNo. 28 Let P € M,,,.,(R). Consider the following statements:
I: If XPY =0forall X € My,,(R)and ¥ € M, (R), then P = 0.

I1: If m =n, Pissymmetricand P? =0, then P = 0.

Then
(A) both I and 11 are true
(B) 1 is true but 11 is false
©) I is false but I is true
(D) both I and Il are false

ano.2 Forn €N, let Ty (& 1111) = (1, I1l) and T3 (2 1lly) = (1%, [1le) be the

bounded linear operators defined by

X, an

Tn(xth:---} = (y11y2"")’ where Vi = {Xn j>n

and
Tty Xapes) = (22,0
Then
(A) IIT, ]| does not converge to ||T'|| as n = oo
(B) IIT,, = T|| converges to zero as n — oo
© for all x € I*, ||T;,(x) — T(x)|| converges to zero as n — oo
(D) for each non-zero x € [1, there exists a continuous linear functional g on [* such

that g(T,(x)) does not converge to g(T(x)) asn — oo

Q.No.30 Let P(IR) denote the power set of R, equipped with the metric
d(U,V) = sup|yy(x) — xv (x|,
xeR

where yy and y, denote the characteristic functions of the subsets U and V,

respectively, of R. The set { {m} : m € Z} in the metric space (P(R), d) is

(A bounded but not totally bounded
(B) totally bounded but not compact
©) compact

(D) not bounded
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Q.No. 31

(B)

(©

(D)

Q.No. 32

(B)
(©

Q.No. 33

(A)

(B)

©

Q.No. 34

(B)
(©

Let f:IR — R be defined by

- 1
f(x) = Z z_nX(an+1] (x):

n=0

[GATE Maths 2023-2010]

where ¥ (nn+1] is the characteristic function of the interval (n,n + 1]. For « € R,

letS, ={x € R: f(x) > a}. Then

S1 is open
2

S5 is not measurable

&
Sp is closed

S 1 is measurable
vz

Forn € N, let f,, gn: (0,1) - R be functions defined by
fou(x) = x" and g, (x) = x"(1 = x).

Then

{1} converges uniformly but {g,,} does not converge uniformly
{g,.} converges uniformly but {f,} does not converge uniformly
both {f,,} and {g,,} converge uniformly

neither {f,} nor {g,,} converge uniformly

Let u be a solution of the differential equation y' + xy = 0 and let ¢ = up be a

solution of the differential equation y" + 2xy’ + (x* +2)y =0 satisfying

¢(0) =1and ¢'(0) = 0. Then ¢(x)is

x2

(cos?x)e =z

x2

(cosx)e =z

x2

(A+x¥e” 7

(cos ;vcf)e'“"'2
Forn € N U {0}, let y,, be a solution of the differential equation
x3"+(1—x)y'+ny=0

satisfying ¥,,(0) = 1. For which of the following functions w(x), the integral

(=]

f Yy w®dr, (@ *q)
0

1s equal to zero?
=]
e X
e-x
—u
xe %
xe ™™
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Q.No. 35 Suppose that

X = {(0,0)} U [(x,sin%):xell%\{ﬂ}}

and

¥ = {(0,0)} U {(x,xsin)—lc):xe R\ {0} }

are metric spaces with metrics induced by the Euclidean metric of R?. Let By and
By be the open unit balls around (0,0) in X and Y, respectively. Consider the

following statements:
1 : The closure of By in X is compact.

II : The closure of By in Y is compact.

Then
(A) both I and Il are true
(B) 1 is true but 11 is false
(©) I is false but I is true
(D) both 1 and 11 are false

QNe- 36 1f f:C\ {0} — Cis a function such that f(z) = f (i) and its restriction to the

|z}

unit circle is continuous, then

(A) f is continuous but not necessarily analytic

(B) f is analytic but not necessarily a constant function
(€ f is a constant function

D) LI_]:IE]' f(z) exists

Q.No. 37 For a subset § of a topological space, let Int(S) and § denote the interior and

closure of S, respectively. Then which of the following statements is TRUE?

(4) If S is open, then S = Int(S)

(B) If the boundary of § is empty, then § is open

@) If the boundary of § is empty, then § is not closed

(D) If S\ S is a proper subset of the boundary of S, then S is open

Q.No. 38 Suppose 34,3, and J5 are the smallest topologies on R containing S, S, and S5,

respectively, where

5 = [(a,a+§):ae@,neﬁl},

S; =1 (a,b);: a<b, a,b €Q},

S;={(a,b):a<b, a,beR}
Then
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(A)

(A)

(B)

©

(B)
(©

(D)

Q.No. 42

(B)
(©)

b3 29

332 3;

J1 =33

3123
a 3 0

Let M = ’,8 3 1]. Consider the following statements:
0 1 2

[: There exists a lower triangular matrix L such that M = LL*, where Lf denotes

transpose of L.

II: Gauss-Seidel method for Mx = b (b € R®) converges for any initial choice

X, € R3.

Then

: 9
1 is not true when « > > f=3

: 9
I is not true when a > T B=-=1

I is not true when @ = 4, f = 2

listrue whena =5, f =3

Let I and | be the ideals generated by {5, V10} and {4,vV10} in the ring
Z[V10 | = {a + bv10 | a, b € Z}, respectively. Then

both I and | are maximal ideals

I is a maximal ideal but J is not a prime ideal

I is not a maximal ideal but ] is a prime ideal

neither I nor J is a maximal ideal

Suppose V is a finite dimensional vector space over R. If W,, W, and W5 are
subspaces of V, then which of the following statements is TRUE?
If Wy + W, + W5 =V then

span(W, U W5) Uspan(W, U W;) Uspan(W; U W,) =V

If W;nW,={0}and W, n Wy = {0}, then W, n (W, + W) = {0}
lle = Wz = W1 + WS- then Wz = W3
If W, # V,then span(V\ W,) =V

Leta,f € R, a # 0. The system

Xy —2X; +ax; =8
X1=X;+x,=p
X1,X2,X3,%4 2 0

has NO basic feasible solution if
a<0, f>8
a>00<f<8

a>0, <0

a<0, <8
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QNo.43 Let0 <p < 1andlet
X = {f:R - Ris continuous and fﬁf(xﬂp dx < o
R

For f € X, define

X
P
71y = [ 1reorax
R
Then
(A) ||, defines a norm on X
®) If +9glp, < Ifl, +1gl, forallf,g€X
©) If + 915 < IfI5+1glh forallf,geX
(D) if f, converges to f pointwise on R, then lim |f,], = |fl,
n—o

Q.No. 44  Suppose that ¢p; and ¢p, are linearly independent solutions of the differential

equation
2x%y" — (x+ x2)y' + (x2 - 2)y =0,

and ¢, (0) = 0. Then the smallest positive integer n such that

QNo-45  Quppose that f(z) = [[:Z; (z - E), z€ Candy(t) = et t € [0,2m]. If

J‘ f@ dz = amni
/ f(2) '

then the value of « is equal to

QNo.46 [y (f) = %ehit' t € [0,2] and

1 .

¥

then £ is equal to (correct up to one decimal place)

QN0 47 TetK = Q (v’ 3+ 2v2, {u). where w is a primitive cube root of unity. Then the

degree of extension of K over @ is
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Q.No. 48

Q.No. 49

QNo.50 et F(x,y,z) = (2x — 2y cosx) i + (2y — y®sinx) J + 4z k and let § be the

Q.No. 51

Q.No. 52

Q.No. 53

Let a € R. If (3,0,0, ) is an optimal solution of the linear programming problem

then the maximum value of f — « is

Suppose that T: R* » R[x] is a linear transformation over R satisfying

minimize x; + x; + X3 — ax,

subject to

le = X5 +X3 =6
—X +x, + x4 = 3
X1, X3, X3, X4 =0

T(-1,1,1,1) =x? + 2x* T(1,2,3,4) = 1—x?,

Then the coefficient of x* in T(=3, 5,6, 6) is

T(2,-1,-1,0) = x* — x*.

surface of the tetrahedron bounded by the planes

If 7 is the unit outward normal to the tetrahedron, then the value of

x=0y=0z=0and x+y+z=1.

fﬁ-ﬁds
s

(rounded off to two decimal places)

Let F = (x4 2y)e? i+ (ye* + x2) j + y2z k and let S be the surface

x*+y*+z=1, z=>0.1f 1 isa unit normal to S and

Then a is equal to

Let G be a non-cyclic group of order 57. Then the number of elements of order 3

in G is

J]’(V X F) A dS| = an.

N
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The coefTicient of (x — 1)° in the Taylor expansion about x = 1 of the function

x

log. t
F(x):f tgjl dt, 0 <x<?2

1

is (correct up to two decimal places)

Q.No.54 Let u(x,y) be the solution of the initial value problem
By b, - 2
= wﬁ)ay =0, u(x,0) =1+ x2.

Then the value of u(0,1) is (rounded off to three decimal places)

Q.No. 55 The value of
q
. 2
lim | nx"e* dx

n—o
0

is (rounded off to three decimal places)

‘ Copyright : GATE 2020, IIT Dethi ‘
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Answer Key - MA: Mathematics

Q.No. Session Que.Type |Sec. Name |Key Marks
1 3 McQ GA [« 1
2 3 McQ GA B 1
3 3 McQ GA D 1
4 3 MCcQ GA D 1
5 3 MCcQ GA B 1
6 3 MCQ GA D 2
7 3 McQ GA C 2
8 3 McQ GA B 2
9 3 McQ GA B 2
10 3 mcQ GA B 2
1 3 McQ MA A 1
2 3 McQ MA C 1
3 3 MCcQ MA D 1
4 3 McQ MA B 1
5 3 MCQ MA B 1
6 3 MCQ MA AorD 1
7 3 MCQ MA C 1
8 3 McQ MA A 1
9 3 McQ MA B 1
10 3 mcQ MA C 1
11 3 mcQ MA D 1
12 3 McQ MA C 1
13 3 MCQ MA A 1
14 3 NAT MA 1to1 1
15 3 NAT MA 5t05 1
16 3 NAT MA 80 to 80 1
17 3 NAT MA 5to5 1
18 3 NAT MA 5.5t05.5 1
19 3 NAT MA 1.70 to 1.80 1
20 3 NAT MA 36 to 36 1
21 3 NAT MA 0.25 to 0.25 1
22 3 NAT MA 3to3 1
23 3 NAT MA 5to5 1
24 3 NAT MA 121 to 121 1
25 3 NAT MA 10 to 10 1
26 3 MCQ MA A 2
27 3 MCQ MA C 2
28 3 McQ MA A 2
29 3 MCQ MA C 2
30 3 McQ MA A 2

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [177] [GATE Maths 2023-2010]

31 3 MCQ MA D 2
32 3 MmcQ MA B 2
33 3 McQ MA B 2
34 3 McQ MA B 2
35 3 MCQ MA C 2
36 3 mcQ MA A 2
37 3 MCQ MA B 2
38 3 MCcQ MA C 2
39 3 McQ MA D 2
40 3 mcQ MA B 2
41 3 mcQ MA D 2
42 3 McQ MA D 2
43 3 MCQ MA C 2
44 3 NAT MA 3to3 2
45 3 NAT MA 56 to 56 2
46 3 NAT MA 0.5t0 0.5 2
47 3 NAT MA 4to4 2
48 3 NAT MA 7to7 2
49 3 NAT MA 5to5 2
50 3 NAT MA 1.30 to 1.40 2
51 3 NAT MA 2to2 2
52 3 NAT MA 38 to 38 2
53 3 NAT MA 0.04 to 0.04 2
54 3 NAT MA 1.610 to 1.625 2
55 3 NAT MA 2.710 to 2.725 2

Copyright : GATE 2020, IIT Delhi
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GATE 2019 General Aptitude (GA) Set-8

Q.1-Q.5carryone mark each.

Q.1  The fishermen, the flood victims owed their lives, were rewarded by the
government.
(A) whom (B) to which (C) to whom (D) that

Q.2  Some students were not involved in the strike.

If the above statement is true, which of the following conclusions is/are logically
necessary?

Some who were involved in the strike were students.

No student was involved in the strike.

At least one student was involved in the strike.

Some who were not involved in the strike were students.

Ao

(A) 1 and 2 (B) 3 (C) 4 (D) 2and 3

Q.3  The radius as well as the height of a circular cone increases by 10%. The percentage
increase in its volume is

(A)17.1 (B) 21.0 (C) 33.1 (D) 72.8

Q.4  Five numbers 10, 7, 5, 4 and 2 are to be arranged in a sequence from left to right following
the directions given below:
1. No two odd or even numbers are next to each other.
2. The second number from the left is exactly half of the left-most number.
3. The middle number is exactly twice the right-most number.

Which is the second number from the right?

(A) 2 (B) 4 ) 7 (D) 10
Q.5  Until Iran came along, India had never been in kabaddi.
(A) defeated (B) defeating (C) defeat (D) defeatist
GA 1/3
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GATE 2019 General Aptitude (GA) Set-8

Q. 6 —Q. 10 carry two marks each.

Q.6  Since the last one year, after a 125 basis point reduction in repo rate by the Reserve Bank
of India, banking institutions have been making a demand to reduce interest rates on small
saving schemes. Finally, the government announced yesterday a reduction in interest rates
on small saving schemes to bring them on par with fixed deposit interest rates.

Which one of the following statements can be inferred from the given passage?

(A)Whenever the Reserve Bank of India reduces the repo rate, the interest rates on small
saving schemes are also reduced

(B) Interest rates on small saving schemes are always maintained on par with fixed deposit
interest rates

(C) The government sometimes takes into consideration the demands of banking
institutions before reducing the interest rates on small saving schemes

(D) A reduction in interest rates on small saving schemes follow only after a reduction in
repo rate by the Reserve Bank of India

Q.7 In a country of 1400 million population, 70% own mobile phones. Among the mobile
phone owners, only 294 million access the Internet. Among these Internet users, only half
buy goods from e-commerce portals. What is the percentage of these buyers in the country?

(A) 10.50 (B) 14.70 (C) 15.00 (D) 50.00

Q.8  The nomenclature of Hindustani music has changed over the centuries. Since the medieval
period dhrupad styles were identified as baanis. Terms like gayaki and baaj were used to
refer to vocal and instrumental styles, respectively. With the institutionalization of music
education the term gharana became acceptable. Gharana originally referred to hereditary
musicians from a particular lineage, including disciples and grand disciples.

Which one of the following pairings is NOT correct?

(A) dhrupad, baani
(B) gayaki, vocal
(C) baaj, institution
(D) gharana, lineage

Q.9  Two trains started at 7AM from the same point. The first train travelled north at a speed of
80km/h and the second train travelled south at a speed of 100 km/h. The time at which they
were 540 km apart is AM.

(A) 9 (B) 10 (C) 11 (D) 11.30

GA 213
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GATE 2019 General Aptitude (GA) Set-8

Q.10

“I read somewhere that in ancient times the prestige of a kingdom depended upon the
number of taxes that it was able to levy on its people. It was very much like the prestige of
a head-hunter in his own community.”

Based on the paragraph above, the prestige of a head-hunter depended upon

(A) the prestige of the kingdom

(B) the prestige of the heads

(C) the number of taxes he could levy
(D) the number of heads he could gather

END OF THE QUESTION PAPER

GA

3/3
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Q. 1-Q. 25 carry one mark each.

Q.1  For abalanced transportation problem with three sources and three destinations where costs,
availabilities and demands are all finite and positive, which one of the following statements
is FALSE?

(A) The transportation problem does not have unbounded solution
(B) The number of non-basic variables of the transportation problem is 4
(C) The dual variables of the transportation problem are unrestricted in sign

(D) The transportation problem has at most 5 basic feasible solutions

Q.2 Let f:[a,b] > R (the set of all real numbers) be any function which is twice differentiable
in (a,b) with only one root « in (a,b). Let f'(x) and f"(x) denote the first and second
order derivatives of f(x) with respect tox. If «is a simple root and is computed by the

Newton-Raphson method, then the method converges if

(A) [£(x) £70|<| (0|, forallxe(a,b)  (B) [T(x) f'(x)[<|"(x)], forallx «(a,b)

©) | £'(0) £(0)|<|f (), forallx e(a,b) (D) |f(¥) f"(x)|<|f'(x)], forallx e(a,b)

Q.3 Let f:C — C(the set of all complex numbers) be defined by
f(x+iy)=x +3xy2+i(y3 +3x2y), i=+—L
Let f’(z) denote the derivative of f with respecttoz .

Then which one of the following statements is TRUE?

(A) f'(L+i)existsand |f'(L+i)|=3y5  (B) f isanalytic at the origin

(C) f isnot differentiable at i (D) f isdifferentiable at 1

Q.4  The partial differential equation
2 2 2
(x2 +y° —1)8—l;+2 ou +(x2 +y° —1)8—3:0
OX OX oy

IS
(A) parabolic in the region x> +y? > 2 (B) hyperbolic in the region x* +y? > 2

(C) elliptic in the region 0<x*+y* <2 (D) hyperbolic in the region 0< x* +y* <2

MA 1/17
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Q5 If
n 2
unzje‘t dt, n=123,...,
1
then which one of the following statements is TRUE?

(A) Both the sequence {un}f::1 and the series Zun are convergent
n=1

(B) Both the sequence {un}:’:1 and the series Zun are divergent

n=1

(C) The sequence {un}f=1 is convergent but the series Zun is divergent
n=1

(D) limu, :E
e

n—oo

Q6 Let I={(xy,2)eR®: ~-1<x<l-1<y<l-1<z<1f and ¢:T >R be a function whose
all second order partial derivatives exist and are continuous. If ¢ satisfies the Laplace

equation V¢=0 for all (x,y, z) T, then which one of the following statements is TRUE in
r?

(R is the set of all real numbers, and R® ={(x,y,2):x,y,zeR} )

(A) V¢ is solenoidal but not irrotational
(B) V¢ is irrotational but not solenoidal
(C) V¢ is both solenoidal and irrotational

(D) V¢ is neither solenoidal nor irrotational

MA 2/17
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Q7 Let X ={(%,X%,..): x R and only finitely many x's are non-zero} and d:XxX —»R
be a metric on X defined by
d(x,y) :S_UI\E)|Xi - Yi| for x=(%,%,-), Y=Y, Yo,--) IN X.
(R is the set of all real numbers and N is the set of all natural numbers)

Consider the following statements:

P:(X,d) is acomplete metric space.

Q:Theset {xe X :d(0,x) <1} is compact, where 0 is the zero element of X.

Which of the above statements is/are TRUE?

(A)BothPandQ  (B) Ponly (C) Qonly (D) Neither P nor Q

Q.8  Consider the following statements:

I. The set Qx7Z is uncountable.
Il. The set {f : fis afunction from Nto {0, 1}} is uncountable.
I11. The set {\/E: p isaprime number}is uncountable.

IV. For any infinite set, there exists a bijection from the set to one of its proper subsets.

(Qis the set of all rational numbers, Z is the set of all integers and N is the set of all natural
numbers)

Which of the above statements are TRUE?

(A) I and IV only (B) land IVonly  (C)lland Illonly (D) I, Iland IV only

Q9 Letf:R?>—R be defined by
f(xy)=x"—2x2y—x*y+2y2
(Ris the set of all real numbers and R* ={(x,y): X,y e R} )

Which one of the following statements is TRUE?

(A) f has alocal maximum at origin
(B) f hasa local minimum at origin
(C) f hasasaddle point at origin

(D) The origin is not a critical point of f

MA 3/17
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Q.10

Let {a,}  be any sequence of real numbers such that Z|an|2<oo. If the radius of
n=0

convergence of Zanx” is r, then which one of the following statements is necessarily
n=0

TRUE?

(A) r>1or ris infinite
(B) r<1

© r=Ya[

Q.11 Let T, be the co-countable topology on R (the set of real numbers) and T, be the co-finite
topology on R.

Consider the following statements:

o0

I. In (R,T,), the sequence {%} converges to 0.
n=1

0

Il In (R,T,), the sequence {1} converges to 0.
n

n=1

1. In (R,T,), there is no sequence of rational numbers which converges to J3.
IV. In (R,T,), there is no sequence of rational numbers which converges to J3.

Which of the above statements are TRUE?

(A) l'and Il only (B) I1'and 111 only
(C) Ml and IV only (D) I and 1V only

Q.12 Let X and Y be normed linear spaces, and let T: X —Y be any bijective linear map with

closed graph. Then which one of the following statements is TRUE?

(A) The graph of T is equal to X xY (B) T is continuous
(C) The graph of T is closed (D) T is continuous

MA 4/17
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Q.13

Let g:IR* —R* be a function defined by g(x,y) =(e*cosy, e*siny) and (a,b)=g (1%)
(R is the set of all real numbers and R* ={(x,y):x,y e R} )
Which one of the following statements is TRUE?

(A) gis injective
(B) If h is the continuous inverse of g, defined in some neighbourhood of (a,b) eR?, such

that h(a,b) =(1,%j, then the Jacobian of h at (a,b) is e’
(C) If h is the continuous inverse of g, defined in some neighbourhood of (a,b) e R?, such
that h(a,b) =(1,%j, then the Jacobian of h at (a,b) is e

(D) gis surjective

Q.14 Let
n!

u, =——— , n e N(the set of all natural numbers).
1.35...(2n-1)

Then limu, is equal to

n—oo

Q.15 If the differential equation

Y Ty, yw=2

dx
is solved using the Euler’s method with step-size h=0.1, theny(1.2) is equal to

(round off to 2 places of decimal).

Q.16 Let f be any polynomial function of degree at most 2 over R (the set of all real numbers).

If the constants a and b are such that

3—f=a f(x)+2 f(x+1)+b f(x+2), forall x e R,
X
then 4a + 3b is equal to (round off to 2 places of decimal).
MA 5/17
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Q.17 et Ldenote the value of the line integral (j)c (3x—4x°y)dx + (4xy* +2y)dy, where C, a

circle of radius 2 with centre at origin of the xy-plane, is traversed once in the anti-clockwise

o L .
direction. Then — is equal to
VA

Q.18 The temperature T : R*\{(0,0,0)} — R at any point P(x,y,z) is inversely proportional to
the square of the distance of P from the origin. If the value of the temperature T at the point
R(0,0,1) is J3, then the rate of change of T at the point Q (1,1, 2) in the direction of QR is

equal to (round off to 2 places of decimal).

(R is the set of all real numbers, R®>={(x,y,z):x y,z R} and R*\{(0,0,0)} denotes R°®

excluding the origin)

Q.19 Let f bea continuous function defined on [0, 2] such that f(x)>0 forall xe][0,2]. If the

area bounded by y=f(x), x=0,y=0 and x=b is J3+b% =3, where be(0,2], then

f (@) is equal to (round off to 1 place of decimal).

Q.20 If the characteristic polynomial and minimal polynomial of a square matrix A are
(A-)(A+1D)*(A1—2)° and (1-1)(1+1)(A—2), respectively, then the rank of the matrix

A+l is , Where | is the identity matrix of appropriate order.

Q21 et wbea primitive complex cube root of unity and i =J~1. Then the degree of the field

extension @(i,\/s_’, a)) over Q (the field of rational numbers) is

MA 6/17
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Q.22 Let

a:jf—dz, C:cost+isint, 0<t <2z, i=+/-1.
2 22°-52+2

Then the greatest integer less than or equal to |a| IS :

Q.23 Consider the system:
3X + X, +2X%, — X, =4,
X, + X, + X, —2X, =3,
Xy 5 Xy Xg, X, =0.

If x, =1 x,=b, X, =0, X, =cis a basic feasible solution of the above system (where a, b

and c are real constants), then a+b-+c isequal to

Q.24 et f:C—C be afunction defined by f(z)=2z°-5z"+10. Then the number of zeros of
fin{zeC:|z7<2}is

(C is the set of all complex numbers)

Q.25 Let
0% ={X = (X, %,,...): % €C, il X, [ < oo}
i=1

be a normed linear space with the norm
S
=\ ZIxF
Let g: (> — C be the bounded linear functional defined by

g(x) =i;(—g for all x=(x,X,,...)e(’.

n=1

Then (sup{|g(x)| 1], 31})2is equal to (round off to 3 places of decimal).

(C is the set of all complex numbers).

MA 7/17
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Q. 26 — Q. 55 carry two marks each.

Q.26 For the linear programming problem (LPP):
Maximize Z=2x,+4X,

subjectto —x, +2Xx, <4,
3% + B X,<6,
X, X, 20, BeR,

(R is the set of all real numbers)
consider the following statements:

I. The LPP always has a finite optimal value for any £>0.
[1. The dual of the LPP may be infeasible for some £>0.
I11. If for some g, the point (1,2) is feasible to the dual of the LPP, then Z <16, for any

feasible solution (x;,x,) of the LPP.
IV. If for some g, x, and x, are the basic variables in the optimal table of the LPP with

X, :%, then the optimal value of dual of the LPP is 10.

Then which of the above statements are TRUE?

(A) land 111 only (B) I, ll'and IV only
(C) Ml and IV only (D) Il and IV only

Q.27 Letf:R?> - R be defined by

(x2+y2)sin( 21 Zj’ if (x,y) #(0,0)
= X2 +y
0, if (x, y) =(0,0).

f(xy)

Consider the following statements:

I. The partial derivatives g% exist at (0, 0) but are unbounded in any neighbourhood of
X

(0, 0).
I. f is continuous but not differentiable at (0, 0).
[1l. f isnot continuous at (0, 0).
IV. f isdifferentiable at (0, 0).

(R is the set of all real numbers and R* ={(x,y):x,y e R} )

Which of the above statements is/fare TRUE?

(A) I'and Il only (B) l'and IV only (C) IV only (D) I only

MA 8/17
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Q28 | ot k= [k rjzlbe an infinite matrix over C (the set of all complex numbers) such that

(i) for each i e N (the set of all natural numbers), the i" row (ki,l’ki,Z!"') of K isin (¢ and

(ii) for every x=(X,X%,,... eﬂl Zk,l ; is summable for all ieN, and (y,,y,,..) e,
where y, = Zk,J .

Let the set of all rows of K be denoted by E . Consider the following statements:

P: Eis abounded setin (~.

Q: Eisadensesetin (.
(fl ={(x,%,,...): X €C, il X |<oo}]
i=1

(fw ={(X, %,,...) 1 X, € C, sup|x;| < oo}j

ieN

Which of the above statements is/fare TRUE?

(A) Both P and Q (B) P only (C) Qonly (D) Neither P nor Q

Q.29 Consider the following heat conduction problem for a finite rod

2
@:a_—xe—Zt t>0, O<x<um,
ot Ox?

with the boundary conditions u(0,t)=—t?, u(z,t)=—ze'—t*>, t>0 and the initial
condition u(x,0)=sinx—sin®*x—x, 0<x<z. If v(x,t) = u(x,t)+xe' +t*, then which one

of the following is CORRECT?

(A) v(x,t):%(et sinx+e™* sin3x)
1 _t - _gt -
(B) v(x,t)=Z(7e sinx—e™* sin3x)
(C) v(x,t)=%(e‘t sinx+e™ sin 3x)
1 o -3t o
(D) v(x,t)=Z(3e sinx—e™* sin3x)
MA 9/17
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Q.30 Let f :C— C be non-zero and analytic at all points in Z.
If F(z)=x f(z)cot(zz) for ze C\Z, then the residue of Fat neZ is :

(Cis the set of all complex numbers, 7Z is the set of all integers and C\Z denotes the set of

all complex numbers excluding integers)

(A) 7 f () (B) f(n) ) 10 o) ( df ]
b4 dz ),

=n

Q.31 Let the general integral of the partial differential equation
0z 0z
2xy —D)—+(z-2x*)==2(x-Vyz
(2xy=1)— = ) oy =20

be given by F(u,v)=0, where F:IR?> — R is a continuously differentiable function.
(R is the set of all real numbers and R* ={(x,y):x,y e R} )
Then which one of the following is TRUE?

(A) u=X"+y*+2,V=XZ+Yy (B) u=x*+y*—z,v=xz-Yy

(C)u=x*—y?+2,Vv=yzZ+X (D) u=x*+y*—z,v=yz—X

Q.32 Consider the following statements:
I. If @ denotes the additive group of rational numbers and f:Q— Q is a non-trivial
homomorphism, then f is an isomorphism.
I1. Any quotient group of a cyclic group is cyclic.
I11. If every subgroup of a group G is a normal subgroup, then G is abelian.
IV. Every group of order 33 is cyclic.
Which of the above statements are TRUE?
(A) Il'and IV only (B) Il 'and 111 only
(©) I, lland IV only (D) I, 1l and 1V only

MA 10/17

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics

GATE 2019

[191]

Mathematics

Q.33 A solution of the Dirichlet problem

Q.34

Q.35

Vau(r,0)=0, 0<r<1, —z<60<nr,
u(1,9):|9|, -7 <0<,
is given by

(A) u(r, 9)_Z+i{ ) 1} r" cos(nd)

n

(B) u(r,0)=—

2 i{ + } r" cos(nd)

n

T 23 1)n 1]
() U(r‘,@)—2+”§ <

r" cos(né)

) u(r.0)==-23 (_1)2”
2 1 n

r" cos(né)

Consider the subspace Y ={(x,x) : x e C} of the normed linear space ((C2 Jl ||OO)

If 4 is a bounded linear functional on Y, defined by ¢(x,x)=x, then which one of the
following sets is equal to

{1//(1, 0): y is a norm preserving extension of ¢ to (C?, |||, )}

(C s the set of all complex numbers, C* = {(x,y):x,yeC} and
1% %)L = sup ], [%[})

(A) {1 (B) Bg}

Consider the following statements:

©) [Lo) D) [0.1]

. The ring Z[/—1] is a unique factorization domain.

Il. The ring Z[ﬁ] is a principal ideal domain.

1. In the polynomial ring Z,[x], the ideal generated by x*+x+1 is a maximal ideal.
IV. In the polynomial ring Z,[x], the ideal generated by x° +1 is a prime ideal.

(Z denotes the set of all integers, Z
positive integer n)

denotes the set of all integers modulo n, for any

Which of the above statements are TRUE?

(A) I, 1 and 111 only
(© I, land IV only

(B) I'and I11 only
(D) Il and 111 only

MA
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Q.36 Let M be a 3x3 real symmetric matrix with eigenvalues 0, 2 and a with the respective
eigenvectors u=(4,b,c)", v=(-1,2,0)" and w=(1,1,1)".

Consider the following statements:
l. a+b—c=10.

.
I. The vector x = (Ogéj satisfies Mx=v +w.

I11. For any d espan{u,v,w}, Mx=d has a solution.
IV. The trace of the matrix M? +2M is 8.

(y" denotes the transpose of the vector y)

Which of the above statements are TRUE?
(A) I, Il and 111 only (B) I'and Il only
(C) land IV only (D) 1l and 1V only

Q.37 Consider the region
Q:{x+iy: -1<x<2, %gysg}, i:\/—_l

in the complex plane. The transformation x+iy — e**'Y maps the region Q onto the region
S < C (the set of all complex numbers). Then the area of the region S is equal to

(A) %(e4 —e’z) (B) %(e4 +e’2)

2 4 2 4 2

(C) ?ﬂ(e —e?) (D) %(e -e”)

0.38

Consider the sequence {gn}f_l of functions, where g, (x) = 1% xeR, neN and g/ (x)
- +nXx

is the derivative of g,(x) with respect to x.

(R is the set of all real numbers, N is the set of all natural numbers).

Then which one of the following statements is TRUE?

(A) {g,} , does NOT converge uniformly on R
(B){g,} ", converges uniformly on any closed interval which does NOT contain 1
©) {g;}f::1 converges point-wise to a continuous function on R

(D) {gr’]}:’:l converges uniformly on any closed interval which does NOT contain 0

MA 12/17
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Q.39 Consider the boundary value problem (BVP)

2

d7y
dx?

+a y(x)=0, a € R (the set of all real numbers),

with the boundary conditions y(0)=0, y(x)=k (k is a non-zero real number).

Then which one of the following statements is TRUE?

(A) For =1, the BVP has infinitely many solutions

(B) For a=1, the BVP has a unique solution

(C) For a¢=-1, k <0, the BVP has a solution y(x) such that y(x) >0for all x e (0, 7)
(D) For a¢=-1, k >0, the BVP has a solution y(x) such that y(x) > 0for all x € (0, z)

2

Q.40  Consider the ordered square 172, the set [0,1]x[0,1] with the dictionary order topology. Let

the general element of 12 be denoted by xxy, where x,y e[0,1]. Then the closure of the

subset

Sz{x X % ; 0<a<x<b<1} in 12
(A) SU((a,b]x{0})U([a,b)x{1}) (B) SU([a,b)x{0})U((a,blx{1})
(©) SU((a,b)x{0})U((a,b)x{1}) (D) SU((a,b]x{0})

Q.41 Let P, be the vector space of all polynomials of degree at most 2 over R (the set of real
numbers). Let a linear transformation T :P, — P, be defined by

T (a+bx+cx®)=(a+b)+(b—c)x+(a+c)x’.
Consider the following statements:

. The null space of T is {a(—1+x+ X*): aeR}.

II. The range space of T is spanned by the set {1+x*,1+x} .

. T(T(@+x)=1+x%°.
IV. If M is the matrix representation of T with respect to the standard basis {1, X, xz} of

P, ,then the trace of the matrix M is 3.

Which of the above statements are TRUE?

(A) I and Il only (B) I, Il and IV only
(© I, land IV only (D) Il 'and IV only

MA 13/17
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Q.42 Let T, and T, be two topologies defined on N (the set of all natural numbers), where T, is
the topology generated by B={{2n—1,2n}: ne N} and T, is the discrete topology on N .

Consider the following statements :

l. In (N,T,),every infinite subset has a limit point.
Il. The function f:(N,T,) - (N,T,) defined by

n .. .
—, if nis even

fm={ %
”%, if nisodd

is a continuous function.

Which of the above statements is/are TRUE?

(A) Both land 11 (B) 1 only
(C) N only (D) Neither I nor 11

Q.43 Let 1< p<g<oo. Consider the following statements:
I (P <= (f
1. L°[0,1] = L'[0,1],

where (° ={(x,%,,..) 1% €R, > | X |° <od} and

i=1

L"[O,l]:{f :[0,1] - R : f is z-measurable, j | f]Pdu<oo,where u is the Lebesgue measure}

[0.1]

(R is the set of all real numbers)

Which of the above statements is/are TRUE?

(A) Both land Il (B) I only (C) lonly (D) Neither I nor 1l

MA 14/17
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Q.44 Consider the differential equation

2

td y+2ﬂ+ty=0, t>0, y(0+)=1, (d_yj =0.
t=0+

dt? dt dt

If Y(s) is the Laplace transform of y(t), then the value of Y () is (round off to 2

places of decimal).

(Here, the inverse trigonometric functions assume principal values only)

Q45 Let Rbe the region in the xy-plane bounded by the curves
y=x* y=4x* xy=1land xy =5.

2
Then the value of the integral J.J.y—dy dx is equal to :
X
R

Q.46 LetV be the vector space of all 3x3 matrices with complex entries over the real field. If
W,={AeV:A=AT} and W,={AeV :trace of A=0},

then the dimension of W, +W, is equal to
( AT denotes the conjugate transpose of A)

Q.47  The number of elements of order 15 in the additive group Z, xZ, is
(Z ,denotes the group of integers modulo n, under the operation of addition modulo n,
for any positive integer n)

Q.48 Consider the following cost matrix of assigning four jobs to four persons:

Jobs
Ji1 | J2 | J3 | da
P, |5 |8 |6 |10
Persons [P |2 |5 |4 |8
P |6 |7 |6 |9
P+ |6 |9 |8 |10

Then the minimum cost of the assignment problem subject to the constraint that job Js is
assigned to person P2, is

MA 15/17
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Q.49 Let y:[-1 1] — R with y(1)=1 satisfy the Legendre differential equation

(1-x )(; y_ 2x3§ +6y=0 for |x<L.

1
Then the value of j y(x)(x+x*)dx is equal to (round off to 2 places of decimal).
]

Q.50 Let Z,,, be the ring of integers modulo 125 under the operations of addition modulo 125
and multiplication modulo 125. If m is the number of maximal ideals of Z,,. and n is the

number of non-units of Z,,., then m+n is equal to

Q.51 The maximum value of the error term of the composite Trapezoidal rule when it is used to
evaluate the definite integral

14
(sinx—log, x)dx
02

with 12 sub-intervals of equal length, is equal to (round off to 3 places of decimal).

Q.52 By the Simplex method, the optimal table of the linear programming problem:

Maximize Z =a X, +3X,

subjectto S x + X, +X;=8,
2X + X, + X, =7,
X, Xy, X5, X, 20,

where «, 3, y are real constants, is

c, —> a|3]0]0
Basic variable | x, | x, | X, | X, | Solution
X, 110|2]|-1 6
X, 01 /(-1]1 2
Z; —C; 0021 -
Then the value of ¢+ S+ is
MA 16/17
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Q.53  Consider the inner product space P, of all polynomials of degree at most 2 over the field of

1
real numbers with the inner product <f,g>:j f(t)g(t)dt for f,geP,.

0
Let {f,, f,, f,} be an orthogonal set in PB,, where f =1, f =t+c,f,=t*+c, f,+c,and

c,,C,,C, are real constants. Then the value of 2c, +c, +3c, is equal to

Q.54 Consider the system of linear differential equations

dx,
—L =5% —2X,,
dx,
—2Z —4Ax, —X,,

with the initial conditions x,(0) =0, x,(0) =1.

Then log, (x,(2)—x,(2)) is equal to .

Q.55 Consider the differential equation

d’y dy
1+x2)—=-9-2 +7y=0.
XL+ X )dx2 x +7y

The sum of the roots of the indicial equation of the Frobenius series solution for the above

differential equation in a neighborhood of x =0 is equal to

END OF THE QUESTION PAPER
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Q.No. Type Section Key/Range Marks
1 MCQ GA C 1
2 MCQ GA C 1
3 MCQ GA C 1
4 MCQ GA C 1
5 MCQ GA A 1
6 MCQ GA C 2
7 MCQ GA A 2
8 MCQ GA C 2
9 MCQ GA B 2
10 MCQ GA D 2
1 MCQ MA D 1
2 MCQ MA A 1
3 MCQ MA D 1
4 MCQ MA D 1
5 MCQ MA C 1
6 MCQ MA C 1
7 MCQ MA D 1
8 MCQ MA B 1
9 MCQ MA C 1
10 MCQ MA A 1
11 MCQ MA B 1
12 MCQ MA C 1
13 MCQ MA C 1
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14 NAT MA OtoO 1
15 NAT MA 2.40to 2.50 1
16 NAT MA -7.5t0-7.5 1
17 NAT MA 31.90to 32.10 1
18 NAT MA 0.21to0 0.23 1
19 NAT MA 0.5t0 0.5 1
20 NAT MA 6to6 1
21 NAT MA 4to4 1
22 NAT MA 2to2 1
23 NAT MA 7to7 1
24 NAT MA 4to4 1
25 NAT MA 0.125t0 0.125 1
26 MCQ MA B 2
27 MCQ MA B 2
28 MCQ MA B 2
29 MCQ MA A 2
30 MCQ MA B 2
31 MCQ MA A 2
32 MCQ MA C 2
33 MCQ MA C 2
34 MCQ MA D 2
35 MCQ MA B 2
36 MCQ MA B 2
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Q.No. Type Section Key/Range Marks
37 MCQ MA A 2
38 MCQ MA D 2
39 MCQ MA D 2
40 MCQ MA A 2
41 MCQ MA C 2
42 MCQ MA A 2
43 MCQ MA B 2
44 NAT MA 0.76 t0 0.83 2
45 NAT MA 12 to 12 2
46 NAT MA 17to 17 2
47 NAT MA 48 to 48 2
48 NAT MA 27 to 27 2
49 NAT MA 0.25t0 0.30 2
50 NAT MA 26 to 26 2
51 NAT MA 0.022 to 0.028 2
52 NAT MA 14.5to0 16.5 2
53 NAT MA -3to-3 2
54 NAT MA 1.95to 2.05 2
55 NAT MA 10to 10 2
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Q. 1-Q.5carryone mark each.

Q.1

Q.2

Q.3

Q4

“The dress her so well that they all immediately her on her
appearance.”

The words that best fill the blanks in the above sentence are

(C) complimented, complimented (D) complemented, complimented

(A) complemented, complemented ymplimented, complemented

“The judge’s standing in the legal community, though shaken by false allegations of
wrongdoing, remained ”?

The word that best fills the blank in the above sentence is

\M minished (B) damaged (C) illegal (D) uncertain

Find the missing group of letters in the following series:
BC, FGH, LMNO,

(A) UVWXY \/(ar%uvwx (C) STUVW (D) RSTUV

The perimeters of a circle, a square and an equilateral triangle are equal. Which one of the
following statements is true?

\‘(A)/The circle has the largest area.

Q.5

(B) The square has the largest area.
(C) The equilateral triangle has the largest area.
(D) All the three shapes have the same area.

. 1 1 1
The value of the expression

+ + is
1+log,vw  1+logywu  1+log,, uv
(A) -1 (B)0 4¢)1/N (D)3

Q. 6 - Q. 10 carry two marks each.

Q.6

Forty students watched films A, B and C over a week. Each student watched either only
one film or all three. Thirteen students watched film A, sixteen students watched film B
and nineteen students watched film C. How many students watched all three films?

(A)0 (B) 2 (CY4 (D) 8

GA
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Q.7

Q.8

Q.9

A wire would enclose an area of 1936 m?, if it is bent into a square. The wire is cut into
two pieces. The longer piece is thrice as long as the shorter piece. The long and the short
pieces are bent into a square and a circle, respectively. Which of the following choices is
closest to the sum of the areas enclosed by the two pieces in square meters?

(A) 1096 (B) 1111 Jg(ms (D) 2486

A contract is to be completed in 52 days and 125 identical robots were employed, each
operational for 7 hours a day. After 39 days, five-seventh of the work was completed. How
many additional robots would be required to complete the work on time, if each robot is
now operational for 8 hours a day?

\yxé) (B) 89 (C) 146 (D) 175

A house has a number which needs to be identified. The following three statements are
given that can help in identifying the house number.
i.  If the house number is a multiple of 3, then it is a number from 50 to 59.
ii.  If the house number is NOT a multiple of 4, then it is a number from 60 to 69.
iii.  If the house number is NOT a multiple of 6, then it is a number from 70 to 79.

What is the house number?

(A) 54 (B) 65 (C) 66 76

GA

213
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Q.10 An unbiased coin is tossed six times in a row and four different such trials are conducted.
One trial implies six tosses of the coin. If H stands for head and T stands for tail, the
following are the observations from the four trials:

(1) HTHTHT (2) TTHHHT (3) HTTHHT (4) HHHT__ __

Which statement describing the last two coin tosses of the fourth trial has the highest
probability of being correct?

(A) Two T will occur.
\__(BYOne H and one T will occur.
(C) Two H will occur.
(D) One H will be followed by one T.

END OF THE QUESTION PAPER

GA 313
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Q.1—-Q.25 carry one mark each

Q.1 The principal value of (—1)(_2i/”) is
\}Aa/tﬁ B) e (C) e ® (D) e?

Q.2 Let f : C — C be an entire function with f(0) = 1,
M > 0 such that | f”(z)| < M for all z € C, then f(2

(A)Qﬁ)/5 © 2+50 D) 5+

Q.3 In the Laurent series expansion of f(z) =
1
z—1
A -2 B -1 GO0 D1

f(1) = 2 and f'(0) = 0. If there exists
)

valid for |z — 1| > 1, the coefficient of

L
z(z—1)

18

Q.4 Let X and Y be metric spaces, and let f : X — Y be a continuous map. For any subset .S of
X, which one of the following statements is true?

(A) ILS is open, then f(.5) is open
\/Kéﬁ is connected, then f(.S) is connected

(C) If S is closed, then f(.S) is closed

(D) If S is bounded, then f(S) is bounded

Q.5 The general solution of the differential equation

zy =y+/x2+y? forx>0
is given by (with an arbitrary positive constant k)

(A) ky? =x + /22 + 12
(B) ka? =z + /22 + 12

) kx? =y + /2% + 92
(D) ky? =y+ /2> +y*

MA 1/10
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Q.6 Let p,(x) be the polynomial solution of the differential equation

%[(1 — 2yl +nn+1)y=0

with p, (1) =1forn =1,2,3,.... If

d
%[in@) - Pn(f)] = anpn+1($),
then «,, is

(A)2n B) 2n+1 (C)2n+2 @Of 2n+3

Q.7 In the permutation group Sg, the number of elements of order 8 is
M(E) 1 ©2 D4

Q.8 Let R be a commutative ring with 1 (unity) which is not a field. Let / C R be a proper ideal
such that every element of R not in [ is invertible in R. Then the number of maximal ideals of
Ris
)1 (B)2 (C) 3 (D) infinite

Q.9 Let f : R — R be a twice continuously differentiable function. The order of convergence of
the secant method for finding root of the equation f(x) = 0 is

145 2 1++5 3

B D
y 5 ()1+\/5 © — ()1+\/3

Q.10 The Cauchy problem wu, + yu, = = with u(z, 1) = 2z, when solved using its characteristic
equations with an independent variable ¢, is found to admit of a solution in the form
3 1 ., .

x:§set—§se’, y=ce, u=f(s1t).

Then f(s,t) =

3 1 1 3 1 3 3 1
( §set + §se’t (B) Eset + 536’1t ©) §set - §se’t (D) éset — 536”5

Q.11 An urn contains four balls, each ball having equal probability of being white or black. Three
black balli;ci/aided to the urn. The probability that five balls in the urn are black is

(A) 2/7_ By 3/8 (C)1/2 (D) 5/7

MA 2/10
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Q.12 For a linear programming problem, which one of the following statements is FALSE?

(A) If a constraint is an equality, then the corresponding dual variable is unrestricted in sign
(B) Both primal and its dual can be infeasible
(C) If primal is unbounded, then its dual is infeasible

Even if both primal and dual are feasible, the optimal values of the primal and the dual

can differ
a 2f 0
Q13 Let A= [2f b 3f|,wherea,b,c, f are real numbers and f # 0. The geometric multi-
0 3f c \
plicity of the largest eigenvalue of A equals

Q.14 Consider the subspaces

Wi = {(#1,22,23) € R’ : 21 = 29 + 223}
Wy = {(z1,22,23) € R® 1wy = 325 + 213}

of R3. Then the dimension of W, + W, equals

Q.15 Let V be the real vector space of all polynomials of degree less than or equal to 2 with real
coefficients. Let 7" : V' — V be the linear transformation given by

Tp)=2p+p forpeV,

where p’ is the derivative of p. Then the number of nonzero entries in the Jordan canonical

form of a matrix of 7" equals E , .

Q.16 Let I = [2,3), J be the set of all rational numbers in the interval [4, 6], K be the Cantor
(ternary) set, and let L = {7 + = : x € K}. Then the Lebesgue measure of the set / U J U L

equals ‘ .

Q.17 Letu(w,y,2) = 22 — 2y + 42% for (z,y,2) € R3. Then the directional derivative of v in the

3~ 4.
direction gz - gk at the point (5,1, 0) is f :

Q.18 If the Laplace transform of y(¢) is given by Y(s) = L(y(t)) = - +

2s—1) s—2 2(s—3)’
then y(0) 4+ ¢'(0) = ‘ :

MA 3/10
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Q.19 The number of regular singular points of the differential equation

[(x — 1)*sina]y” + [coswsin(z — 1))y + (x — 1)y =0

in the interval [0, g} is equal to S% :

Q.20 Let F be a field with 7° elements and let K be a subfield of ' with 49 elements. Then the
dimension of [’ as a vector space over K is

Q.21 Let C([0, 1]) be the real vector space of all continuous real valued functions on [0, 1], and let
T be the linear operator on C'([0, 1]) given by

(Tf)(x) = / sin(e +9)f(y) dy, = € [0,1].

Then the dimension of the range space of 1" equals % .

Q.22 Leta € (—1,1) be such that the quadrature rule

/_ f(a)de = f(=a) + /(0

is exact for all polynomials of degree less than or equal to 3. Then 3a? = f .

Q.23 Let X and Y have joint probability density function given by

_J 2 0<r<1-y 0<y<l1
fxr(@,9) = { 0, otherwise.
If fy denotes the marginal probability density function of Y, then fy(1/2) = > :

Q.24 Let the cumulative distribution function of the random variable X be given by

0, x <0,
x 0<z<1/2
F — ) f— Y
x(@) (1+2)/2, 1/2<z<]1,
1 x> 1.

Y

\
Then P(X =1/2) = 4 L(

Q.25 Let {X;} be a sequence of independent Bernoulli random variables with P(X; = 1) = 1/4

.

andlet Y, = — Z;;l X ]2 Then Y,, converges, in probability, to
n

MA 4/10
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Q.26—Q.55 carry two marks each

Q.26 Let I be the circle given by z = 4¢, where 6 varies from 0 to 27. Then

62
dy —
f£22—2z -

(A) 2mi(e2 —1) (B) mi(1—¢€2) (C)Aile>—1) (D) 2mi(l —€?)

Q.27 The image of the half plane Re(z) + Im(z) > 0 under the map w =

(A) Re(w) >0 (B) Im(w) >0 (C) |w| > 1\%@\ <1

is given b
z+1 & y

Q.28 Let D C R? denote the closed disc with center at the origin and radius 2. Then
// e~ (@) dxdy =
D

&) w(1—e?) (B) g(l —e) (O x(l-e?) (D) g(1 —e?)

Q.29 Consider the polynomial p(X) = X* + 4 in the ring Q[X] of polynomials in the variable X
with coefficients in the field Q of rational numbers. Then

(A) the set of zeros of p(X) in C forms a group under multiplication
p(X) is reducible in the ring Q[X]|

(C) the splitting field of p(.X) has degree 3 over Q

(D) the splitting field of p(X') has degree 4 over Q

Q.30 Which one of the following statements is true?

(A) Every group of order 12 has a non-trivial proper normal subgroup

(B) Some group of order 12 does not have a non-trivial proper normal subgroup
(C) Every group of order 12 has a subgroup of order 6

(D) Every group of order 12 has an element of order 12

MA 5/10
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Q.31 For an odd prime p, consider the ring Z[\/—p] = {a + by/=p : a,b € Z} C C. Then the
element 2 in Z[\/—p] is

(A) aunit (B) asquare (C) aprime Wducible

Q.32 Consider the following two statements:

05
P: The matrix [ 0 7] has infinitely many LU factorizations, where L is lower triangular

with each diagonal entry 1 and U is upper triangular.

Q: The matrix [(2) g] has no LU factorization, where L is lower triangular with each diag-
onal entry 1 and U is upper triangular.

Then which one of the following options is correct?
(A) Pis TRUE and Q is FALSE
\/éB)/B;h P and Q are TRUE
(C) Pis FALSE and Q is TRUE
(D) Both P and Q are FALSE

Q.33 If the characteristic curves of the partial differential equation zu,, + 23:2uxy = u, — 1 are
pu(x,y) = ¢ and v(x,y) = co, where ¢; and ¢, are constants, then

Y) (x,y) =y
B) w(w,y) = 2> +y, v(z,y) =y
©) plz,y) = 2° +y, v(r,y) = 2°
D) p(z,y) =a* —y, v(v,y) = 2°
MA 6/10
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Q.34 Let f : X — Y be a continuous map from a Hausdorff topological space X to a metric space
Y. Consider the following two statements:

P: f is a closed map and the inverse image f~'(y) = {x € X : f(z) = y} is compact for
eachy e Y.

Q: For every compact subset K C Y, the inverse image f~!(K) is a compact subset of X.

Which one of the following is true?

(A) Qimplies P but P does NOT imply Q
(B) P implies Q but Q does NOT imply P
P and Q are equivalent

(D) neither P implies Q nor Q implies P

Q.35 Let X denote R? endowed with the usual topology. Let Y denote R endowed with the co-finite
topology. If Z is the product topological space Y x Y, then

(A) the topology of X is the same as the topology of Z

(B) the topology of X is strictly coarser (weaker) than that of Z
the topology of Z is strictly coarser (weaker) than that of X

(D) the topology of X cannot be compared with that of Z

Q.36 Consider R™ with the usual topology for n = 1,2,3. Each of the following options gives
topological spaces X and Y with respective induced topologies. In which option is X home-

omorphigto Y?
\/(Aéc:o{(x,y,z) eERI: 22 +y* =1}, Y={(z,y,2) eR3: 2=0,22 +y* #0}

B) X ={(z,y) eR?:y =sin(1/2),0 <z < 1}U{(z,y) eR?: 2 =0,-1 < y < 1},
Y =[0,1]CR

C) X ={(z,y) eR?:y =zsin(l/z),0 <z <1}, Y=[0,1]CR
D) X ={(z,y,2) eR3: 2>+ =1}, Y ={(n,9,2) e R®: 22 +¢y* =22 #£ (0}

1
Q.37 Let {X;} be a sequence of independent Poisson(\) variables and let W,, = —>"" | X;. Then
n

the limiting distribution of y/n(W,,— \) is the normal distribution with zero mean and variance
given by

(A) 1 (B) VA g/x (D) M

MA 7/10
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Q.38 Let Xi, Xo,...,X,, be independent and identically distributed random variables with proba-
bility density function given by

ee—ﬁ(m—l)

fx (@ 0) :{ 0 ’

z>1,
otherwise.

- 1
Also, let X = — 5" | X;. Then the maximum likelihood estimator of ¢ is
n

(A) 1/X ®B) (1/X)-1 (©f1/(X-1) D) X

Q.39 Consider the Linear Programming Problem (LPP):
Maximize oz + o
Subject to 2z + zo < 6,
— 1 +x9 < 1,
r1 +x9 < A4,
x1 2 0,29 > 0,
where « is a constant. If (3, 0) is the only optimal solutiof, then

A a<-2 B 2<a<l Ol<a<?2 ) a>2

Q.40 Let M5(R) be the vector space of all 2 x 2 real matrices over the field R. Define the linear
transformation S : My(R) — My(R) by S(X) = 2X + X7 where X denotes the transpose

of the matrix X. Then the trace of S equals \ 4 ) .

Q.41 Consider R? with the usual inner product. If d is the distance from (1,1, 1) to the subspace
span{(1,1,0), (0,1,1)} of R?, then 3d* =

1
Q.42 Consider the matrix A = Iy — 2u’u with u = 5[1, 1,1,1,1,1,1,1, 1], where I is the 9 x 9

identity matrix and u” is the transpose of u. If A and p are two distinct eigenvalues of A, then
A —pl = *7,— :

Q.43 Let f(z) = 23%¢* for z € C and let I be the circle z = ¢, where 6 varies from 0 to 47. Then

e,
27m'£ f(z)d #

MA 8/10
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Q.44

Q.45

Q.46

Q.47

Q.48

Let S be the surface of the solid
V=A(r,9,2):0<2x<1,0<y<2 0<2<3}.
Let 7» denote the unit outward normal to .S and let

F(z,y,2) =vi+yj+zk, (v,y,2) €V

Then the surface integral / / F-ndS equals Z ? ; .
s

Let A be a 3 x 3 matrix with real entries. If three solutions of the linear system of differential
equations & (t) = Ax(t) are given by

ot _ o2t 2t _ et et 1 9t
—et + et |, et — et and et —2et |,
el + e?t et 4 et —e b4 2¢

then the sum of the diagonal entries of A is equal to f % .

If yp(x) = e~*" is a solution of the differential equation
vy +ay' + fa’y =0

for some real numbers « and 3, then a8 =

Let L%([0,1]) be the Hilbert space of all real valued square integrable functions on [0, 1] with
the usual inner product. Let ¢ be the linear functional on L*([0, 1]) defined by

3/4
o(f) = / 3V3f dp,

/4
where p denotes the Lebesgue measure on [0, 1]. Then ||¢|| = g .
Let U be an orthonormal set in a Hilbert space H and let + € H be such that ||z| = 2.

Consider the set .
E:{UEU:KJJ,UHZZ}.

Then the maximum possible number of elements in F is

MA

9/10
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Q49 Ifp(z) =2—(x+1)+x(z+1) — fa(z + 1)(z — «) interpolates the points (z, y) in the table

x| -1]0]1
vl 2 [1]2]7

then a + (5 =

Q.50 If sin(mx) =ag+ >, ancos(nmzx) for 0 <z <1, then (ap+ ai)m =

2n$n—1 ' 1
Q.51 Forn=1,2,...,let f,(x) = ,2 €[0,1). Then lim [ f,(z)dx = :
0

1—{—93' n— 00

Q.52 Let X, X5, X3, X, be independent exponential random variables with mean 1,1/2,1/3,1/4,
re7pectively. Then Y = min(X7, X5, X3, X,) has exponential distribution with mean equal to

AV

Q.53 Let X be the number of heads in 4 tosses of a fair coin by Person 1 and let Y be the number of
heads in 4 tosses of a fair coin by Person 2. Assume that all the tosses are independent. Then
the value of P(X = Y") correct up to three decimal places is T }"g

Q.54 Let X; and X, be independent geometric random variables with the same probability
mass function given by P(X = k) = p(l — p)* %, k = 1,2,\. ... Then the value of

P(X; = 2|X; + X, = 4) correct up to three decimal places is .

Q.55 A certain commodity is produced by the manufacturing plants P, and P, whose capacities are
6 and 5 units, respectively. The commodity is shipped to markets M7, Ms, M3 and M, whose
requirements are 1, 2, 3 and 5 units, respectively. The transportation cost per unit from plant
P; to market M is as follows:

M, | My | Ms | My
Pl 3 5 8 |6
P 2 5 6 7 15
1 2 3 5

Then the optimal cost of transportation is i 9

END OF THE QUESTION PAPER
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Question Number : 1 Correct: 1 Wrong: 0

Consider the vector space ¥V = {ﬂu +ax+a,x’:a, e R fori=0,1, 2} of polynomials of degree
atmost 2. Let /7 —R be a linear functional such that f(1+x)=0. o (1—3'2 )=0 and
f(l" —Xx)=2. Then f(1+1'+x2) equals .

Question Number : 2 Correct: 1 Wrong : 0

Let 4 bea 7x7 matrix such that 24° — 4* = I . where I is the identity matrix. If 4 has two

distinct eigenvalues and each eigenvalue has geometric multiplicity 3, then the total number of

nonzero entries in the Jordan canonical form of A4 equals

Question Number : 3 Correct: 1 Wrong : -0.33

Eet f(z)= (,1'2 + }}2 ]-}- i2xy and g(z)= 21:}}+i(_1;1 —xz) for z=x+iyeC. Then, in the
complex plane .

(A) f 1s analytic and g is NOT analytic

(B) f is NOT analytic and g is analytic

(C) neither f nor g is analytic

(D) both f and g are analytic

Question Number : 4 Correct: 1 Wrong : 0

Yo e .
37— for zeC\{2}. then

oo -
If Z a, (z— Z}H is the Laurent series of the function f(z)= -

H=—00 (:—2

a_, equals
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Question Number : 5 Correct: 1 Wrong : -0.33

2x°
x> +(1-2nx)*

Let f,:[0,1]] >R be givenby f,(x)= .n=12._.. . Then the sequence ( f, )

(A) converges uniformly on [0.1]

(B) does NOT converge uniformly on [0.1] but has a subsequence that converges uniformly
on [0.1]

(C) does NOT converge pointwise on [0,1]

(D) converges pointwise on [0.1] but does NOT have a subsequence that converges uniformly
on [0.1]

Question Number : 6 Correct: 1 Wrong: 0

¥ 3 . m s
Let C: x" +y =9 be the circle in R’ oriented positively. Then

LI (3_1: _ g0y’ )dx+(?x +4fy? +11 ]d_v equals .

T ¢

Question Number : 7 Correct: 1 Wrong : -0.33

Consider the following statements:
(P): There exists an unbounded subset of . whose Lebesgue measure is equal to 3.
(Q): If f:R — R iscontinuous and g:R — R is such that f = g almost everywhere on [ .

then g must be continuous almost everywhere on R .

Which of the above statements hold TRUE?

(A) BothPand Q (B) Only P
(C) Only Q (D) Neither P nor Q
Question Number : 8 Correct: 1 Wrong : -0.33

If X’V is an integrating factor of (6y* +axy)dx+(6xy+bx’)dy=0.where a,b €R . then

A) 3a-55=0 (B) 2a—Db=0
(&) 3g+5h=0 (D) 2a+b=0
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Question Number : 9 Correct: 1 Wrong : 0

; dy

If x(¢) and y(f) are the solutions of the system d—izi*i-‘ and (T‘: — x with the mitial conditions
f 7

x(0)=1 and y(0)=1. then x(7/2)+v(7/2) equals

Question Number : 10 Correct: 1 Wrong : -0.33

s O |
If v=3& "+e " —@X is the solution of the initial value problem

2 5
d 1 +Bv=4ax. v(0)=4 and —1({]) =1. ‘wliere o, FelR.
dx” dx

then

(A) =3 and f =4 By.a=land f=2

(C) =3 and f=—4 (D)Y&&Z=Nand f=-2

Question Number : 11 Correct: 1 Wrong : 0

Let G be a non-abelian group of order 125. Then the total number of elements in

Z(G)={xeG:gx=xg forallg € G| equals :

Question Number : 12 Correct: 1 Wrong : 0

Let -E and F;: be subfields of a finite field F' consisting of 2° and 2° elements, respectively.

Then the total number of elements in F{ M E,_. equals
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Question Number : 13 Correct: 1 Wrong: 0

Consider the normed linear space R’ equipped with the norm given by ||(T 1)” :|x| + |1| and the

subspace X = {(x.y) € B* : x= v}. Let f be the linear functional on X given by

f(x.v)=3x. Ifg(x.yv)= ax+ By. a. fR. is a Hahn-Banach extension of / on R”.
then o — f equals

Question Number : 14 Correct : 1 Wrong :40.33

i
77 i —1 Hy 2
For n €4, define ¢, :% J ' " DX gy where 2 ==1. Then Z‘Cw| equals
T —x

nefd

(A) cosh(r) (B) sinh(x) (C) cosh(271) (D) sinh(271)

Question Number : 15 Correct: 1 Wrong : 0

If the fourth order divided difference of f(‘:‘) —ax' +5¢ +3x+2 . a € R, at the points
0.1, 0.2, 03,04, 0.5 1s 5. then & equals

Question Number : 16 Correct: 1 Wrong : 0

If the quadrature rule |f (x)dx =~ ¢; £(0)+3 f(c,) - where ¢,. ¢, €R. is exact for all
[

polynomials of degree <1. then ¢, +3¢, equals
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Question Number : 17 Correct: 1 Wrong : -0.33

-T2 , - ; : :
If u(x.v) =1+ x+ v+ f(x). where / : IR >R is a differentiable function. then 1 satisfies

) ot cll 5 ®) ou o 0
A) x——y—=x—y X——y—=
ou c cu cli
(C)y X — =P _——=X—) D) y——x—=x—y
ox cy ox &y
Question Number : 18 Correct: 1 Wrong : -0.33
T : , &u &’u o 1 éu éu ,
The partial differential equation X —+(x—¥) ——— v Nl — o =0 is
& “Toxoy oy 4\ dy ox
(A) hyperbolic along the line X+¥=0 (@), ellipfie along the line X—y=0
(C) elliptic along the line X+ =0 (D) parabolic along the line x+3 =0
Question Number : 19 Correct: 1 Wrong : -0.33

Let X and Y be topological spaces and let /' : X' — ¥ be a continuous surjective function.
Which one of the following statements is TRUE?

(A) If X is separable, then ¥ is separable

(B) If X is first countable. then Y is first countable
(C) If X is Hausdorff, then ¥ is Hausdorff

(D) If X isregular. then I is regular

Question Number : 20 Correct: 1 Wrong : -0.33

Consider the topology 7= {U cZ: Z\Uisfinite or 0 ¢ U} on Z.. Then. the topological
space (Z,7) 1s

(A) compact but NOT connected (B) connected but NOT compact
(C) both compact and connected (D) neither compact nor connected
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Question Number : 21 Correct: 1 Wrong : -0.33

Let F(x) be the distribution function of a random variable X' . Consider the functions:
Gl(.r):(F(.T)]{ reR,
G,(x)=1- (1-F(x)). x e R

Which of the above functions are distribution functions?

(A) Neither G, nor G, (B) Only G;
(C) Only G, (D) Both G, and G,
Question Number : 22 Correct: 1 Wrong : -0.33

Let X}, X5, ..., X (7=2) beindependent and identically distributed random variables with
pErE A i e
finite variance ¢~ and let X' =— Z-Xf . Then'the covariance between X and X, —X is

L=
@) 0 ®) —0 © — WS
Question Number : 23 Correct: 1 Wrong: 0

Let .Xl _TQ, mnrid ji;, (7 = 2) be a random sample from a Mu, o ) population. where o’ =144.

The smallest 7 such that the length of the shortest 95% confidence interval for g will not exceed

10 is
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Question Number : 24 Correct: 1 Wrong : -0.33

Consider the linear programming problem (LPP):
Maximize 41‘1 —I—ﬁft‘z

Subjectto X; +X, = 3,
2x,+3x, =18,

X = 6, X, 1s unrestricted in sign.
Then the LPP has

(A) no optimal solution

(B) only one basic feasible solution and that i1s optimal

(C) more than one basic feasible solution and a unique optimal solution
(D) infinitely many optimal solutions

Question Number : 25 Correct: 1 Wrong : -0.33

For a linear programming problem (LPP) and its dual. which one of the following is NOT TRUE?

(A) The dual of the dual is primal
(B) If the primal LPP has an unbounded objective function. then the dual LPP is infeasible
(C) If the primal LPP is infeasible. then the dual LPP must have unbounded objective function

(D) If the primal LPP has a finite optimal solution. then the dual LPP also has a finite optimal
solution

Question Number : 26 Correct: 2 Wrong : 0

3

0 1 1 0

dimension of the subspace U+ V" equals

. L. .1 8 ] 2 2 ;
If U and V are the null spaces of 0 and ] 1| respectively. then the
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Question Number : 27 Correct : 2 Wrong : -0.66

Given two 77X 71 matrices 4 and B with entries in C. consider the following statements:

(P): If A and B have the same minimal polynomial. then 4 is similar to 5.

. e . : . -1
(Q): If 4 has n distinet eigenvalues. then there exists ¢ € C" such that u, Au. ..., A" u
are linearly independent.

Which of the above statements hold TRUE?

(A) BothPand Q (B) Only P
(C) Only Q (D) Neither P noer Q
Question Number : 28 Correct: 2 Wrong : 0

Let A:(nrj ) be a 10x10 matrix such that a; =1 for i #j and a;; =a +1. where & > 0. Let

A and 1 be the largest and the smallest eigenvalues of 4, respectively. If A+ =24 .then &

equals

Question Number : 29 Correct: 2 Wrong : 0

Let C' be the simple. positively oriented circle of radius 2 centered at the origin in the complex
plane. Then

¥

2 { _ (VD) [ 7 ) 1 :
— || ze""# +tan —J+ > |d= equals .
i a 2) (z=-1(z-3)
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Question Number : 30 Correct : 2 Wrong : -0.66

Let Re(z) and Im(z). respectively. denote the real part and the imaginary part of a complex
number z. Let T:Cwu {oﬂ} —> Cu {J“} be the bilinear transformation such that 7(6) =0,
T(3—3i)=i and T(0) =o. Then. the image of D = {z e ;|z — 3| < 3} under the mapping
w=T(z) is

(A) {we C: Im(w) < 0} (B) {weC: Re(w) <0}
(C) {weC: Im(w) >0} (D) {we C:Re(w) >0}
Question Number : 31 Correct : 2 Wrong : -0.66

Let (:r:n ) and (j 2 } be two sequences in a complete metric space (X.d) such that

1 |
d(x,.x,,,)<— and d(v,.y,,,)<— forall 7€N. Then
[ 1

(A) both(x, ) and (¥, ) converge
(B) (.TH) converges but ( ¥, ) need NOT converge
() (_1 = ] converges buft (xn ] need NOT converge

(D) neither (xn) nor (j'n } converges
Question Number : 32 Correct: 2 Wrong : 0

Let f:[0.1] >R begiven by f(x)=0 if x is rational. and if x is irrational then f(x)=9".
where 77 is the number of zeroes immediately after the decimal point in the decimal representation

1
of x. Then the Lebesgue integral jf (x)dx equals .
0

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [ 224 ] [GATE Maths 2023-2010]

Question Number : 33 Correct : 2 Wrong : -0.66
¢ 1‘2
: 2 2
sin | - X“+y© , x20,
9 g s R* >R be defined by f(x.y)= X ) '
0 %=1

Then. at (0.0).

(A) f is continuous and the directional derivative of f does NOT exist in some direction

(B) f is NOT continuous and the directional derivatives of f exist in all directions
(C) f is NOT differentiable and the directional derivatives of f exist in all directions
(D) f is differentiable

Question Number : 34 Correct: 2 Wrong : 0

Let D be the region in R* bounded by the parabola _1'2 = 2x and the line y=x. Then

H 3xy dxdy equals ,
D

Question Number : 35 Correct : 2 Wrong : -0.66

Let y,(x)=x" and y,(x) =x |*r| for xeR.

Consider the following statements:
d’y , dy
~—4x—+6y=0on R,

(P): v,(x) and v,(x) are linearly independent solutions of x 5 .

dy, dy. .
(Q): The Wronskian y,(x) (';‘ (x)— ¥, (T)f (x)=0 forall xeR.
: 3 X
Which of the above statements hold TRUE?
(A) BothP and Q (B) Only P
(C) Only Q (D) Neither P nor Q

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [ 225] [GATE Maths 2023-2010]

Question Number : 36 Correct: 2 Wrong : 0

Let & and f with & = [ be the roots of the indicial equation of

4

) d°y dy
(x"=1)" 1 +(x+ 1)—1l —y=0 at x=—1. Then & -4/ equals
dx” dx
Question Number : 37 Correct: 2 Wrong : 0

Let S, be the group of all permutations of the set {1.2.3.4.5.6.7.8,9} . Then the total number of

elements of S, that commute with 7=(12 3)(4 56 7) m S, equals

Question Number : 38 Correct: 2 Wrong : 0

Let (J[x] be the ring of polynonuals over (. Then the total number of maximal ideals in the

quotient ring Qfx]/( x* —1\] equals

Question Number : 39 Correct: 2 Wrong : -0.66

Let { € Nne I\} be an orthonormal basis of a Hilbert space H. Let T :H — H be given by

— 1 \ " =1

Tx = Z—{r.en Je . Foreach nelN.define T :H—>H by T x= Z—,{::t‘,ej.j}ej.
n=1 H I J=1 J

Then

(A) T”—TH—}U as n —» P

(B) ||, —TH —70 as n—> but foreach xeH | Tn-T_ITH —>0 as n—»

/b

n

(C) for each xeH , HI:I.T—ITH — 0 as n —> 20 but the sequence ( ) is unbounded

(D) there exust x, ¥ € A such that {]’; - 3 1} = {:_IT. .1'} as H—> %
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Question Number : 40 Correct : 2 Wrong : -0.66

< cr} of the Hilbert space (* of all square

Consider the subspace V' = {[ x el : Z‘x‘n
n=1

summable real sequences. For n€[N.define T :V >R by T ((x,))= Z A
i=1

Consider the following statements:
(P): {]!:] HE H} is pointwise bounded on V.

(Q): {TH ‘nE N} is uniformly bounded on {J:‘ el HT 5 :1} .
Which of the above statements hold TRUE?
(A) Both Pand Q (B) Only P
(C) Only Q (D) Neither Pnor Q
Question Number : 41 Correct: 2 Wrong : 0

Let p(x) be the polynomial of degree at most 2 that interpolates the data (—1.2). (0.1) and
(.2). If g(x) is a polynomial of degree at most 3 such that p(x)+¢g(x) interpolates the data
(-1.2). (0.1). (1.2) and (2.11). then g(3) equals

Question Number : 42 Correct : 2 Wrong : -0.66
I 2 1= 1
Let J be the Jacobi iteration matrix of the linearsystem | 2 1 2|y |=]|2].
-4 2 1llz 3

Consider the following statements:
(P): One of the eigenvalues of J lies in the interval [2. 3].

(Q): The Jacobi iteration converges for the above system.

Which of the above statements hold TRUE?

(A) BothP and Q (B) Only P
(C) Only Q (D) Neither P nor Q
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Question Number : 43 Correct: 2 Wrong : 0

ou ou
Let u(x.y) be the solution of x—+ y—=4u satisfying the condition #(x.y) =1 on the circle

ox oy
x*+3* =1. Then u(2.2) equals .

Question Number : 44 Correct: 2 Wrong : -0.66

Let u(7.6) be the bounded solution of the following boundary value problem in polar coordinates:

=2 = ~2

, U ou  Ou

rr—S+r—+—==0 0<r<2 and 0<As@N
or” or o0

u(2.8) =cos* 6. 0<8<2r.
Then u(l, #/2)+u(l. 7/4) equals

o0 |

9 7
A) 1 (B) 3 (©) 3 (D)

Question Number : 45 Correct : 2 Wrong : -0.66

Let 7 and 7, denote the usual topology and the discrete topology on [& . respectively.
Consider the following three topologies:
7, = Usual topology on R’ = R xR.
7, = Topology generated by the basis {UxV:UeT,.VeT,} mRxR.
7, = Dictionary order topologyon R xR .

Then

(A 1.0 e B L,CT,GT,

© Kt &7, ® 7, $1,=1,
Question Number : 46 Correct:2 Wrong: 0

Let X' be a random variable with probability mass function

g a1y
p(n) = jJ {— \ for n=1.2..... Then E(X —-3| X >3) equals :

\
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Question Number : 47 Correct : 2 Wrong : 0

Let X and Y be independent and identically distributed random variables with probability mass
function p(n) =2".n=1.2.. ...
Then P(X = 2Y) equals (rounded to 2 decimal places)

Question Number : 48 Correct:2 Wrong : 0

Let X,.X,. .. be a sequence of independent and identically distributed Poisson random variables

. 1 2 )
withmean 4. Then lmP|4-——— < —Z.Y,. < 4+TJ equals
V 71

n—ac .JE 'y o

Question Number : 49 Correct: 2 Wrong : 0

Let X and ¥ be independent and identically distributed exponential random variables with
probability density function

1763

Then P(max(.X.Y)«2) equals (rounded to 2 decimal places)

LS 4
el x>

0, otherwise.

Question Number : 50 Correct: 2 Wrong : 0

Let E and F be any two events with P(E)=0.4. P(F)=0.3 and P(F |E)=3 P(F |E").
Then P(E | F) equals (rounded to 2 decimal places)
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Question Number : 51 Correct: 2 Wrong : -0.66
et XXy oon X, (m = 2) be a random sample from a binomial distribution with parameters
n=1and p. pe(0.1).andlet X = — ZX:' . Then a uniformly nunimuim variance unbiased

G

estimator for p(1— p) 1s

() m Ta-X) (B) X(1-X)
m—1
o "Lxza-1 ©) L T-md)
n m
Question Number : 52 Correct: 2 Wrong : 0
Let X X o X, be arandom sample froma N(0.5”) population. For testing H,: o =2
9

against f1, : o =1. the most powerful test rejects H, LdE ZX; < ¢ . where ¢ is to be chosen
i=1
such that the level of significance 1s 0.1 . Then the power of this test equals

Question Number : 53 Correct : 2 Wrong : -0.66

Let X|.X,. ... X, (n=2)be arandom sample from a N(6.8) population. where & > 0. and let

I 2SR . i, ) .
14 :—ZJLI.‘ . Then the maximum likelihood estimator of & is
L

(A) %+%J1—4W (B) %+%q‘1+4ﬁf
1

©) _?]+E,/1—4W (D) }]+%,/1+4W
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Question Number : 54 Correct:2 Wrong : 0

Consider the following transportation problem. The entries inside the cells denote per unit cost of
transportation from the origins to the destinations.

Destination
1 2 3 Supply
1 4 3 6 20
Origin 2 T 10 3 30
3 8 9 i 50
Demand 10 30 60
The optimal cost of transportation equals
Question Number : 55 Correct: 2 Wrong : 0

Consider the linear programming problem (LPP):
Maximize kx, +5x,

Subject to x; +x, <1,
2x+43x, <1,
%o X 20,
If X" =(x;.x]) is an optimal solution of the above LPP with k = 2. then the largest value of &

(rounded to 2 decimal places) for which x* remains optimal equals
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Question Number : 56 Correct : 1 Wrong : -0.33

The ninth and the tenth of this month are Monday and Tuesday

(A) figuratively (B) retrospectively (C) respectively (D) rightfully
Question Number : 57 Correct: 1 Wrong : -0.33
It is to read this year’s textbook the last year’s.

(A) easier. than (B) most easy. than (C) easier. from (D) easiest. from
Question Number : 58 Correct: 1 Wrong : -0.33

A rule states that in order to drink beer. one must be over 18 vears:old. In a bar. there are 4 people.
P is 16 years old. Q 1s 25 vears old. R 1s drinking milkshake and 8 1s drinking a beer. What must be
checked to ensure that the rule is being followed?

(A) Only P’s drink

(B) Only P’s drink and S’s age

(C) Only S’s age

(D) Only P’s drink. Qs drink and S’s age

Question Number : 59 Correct: 1 Wrong : -0.33

Fatima starts from point P. goes North for 3 km. and then East for 4 km to reach point Q. She then
turns to face point P and goes 15 km in that direction. She then goes North for 6 km. How far is she

from point P. and in which direction should she go to reach point P?

(A) 8 km. East (B) 12 km. North (C) 6 km. East (D) 10 km. North

Question Number : 60 Correct: 1 Wrong : -0.33

500 students are taking one or more courses out of Chemistry. Physics. and Mathematics.
Registration records indicate course enrolment as follows: Chemistry (329). Physics (186).
Mathematics (295). Chenustry and Physics (83). Chenustry and Mathematics (217). and Physics
and Mathematics (63). How many students are taking all 3 subjects?

(A) 37 (B) 43 (C) 47 (D) 53
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Question Number : 61 Correct: 2 Wrong : -0.66

*If you are looking for a history of India. or for an account of the rise and fall of the British Raj. or
tor the reason of the cleaving of the subcontinent into two mutually antagonistic parts and the
etfects this mutilation will have in the respective sections. and ultimately on Asia. you will not find
it in these pages: for though I have spent a lifetime in the country. I lived too near the seat of
events. and was too intimately associated with the actors. to get the perspective needed for the
impartial recording of these matters.”

Which of the following statements best reflects the author’s opinion?

(A) An mtimate association does not allow for the necessary perspective.
(B) Matters are recorded with an impartial perspective.

(C) An intimate association offers an impartial perspective.

(D) Actors are typically associated with the impartial recording of matters.

Question Number : 62 Correct : 2 Wrong : -0.66

Each of P. Q. R. S. W. X. Y and Z has been married at mostonce. X and Y are married and have
two children P and Q. Z 1s the grandfather of the daughter S of P. Further. Z and W are married and
are parents of R. Which one of the following must necessarily be FALSE?

(A) X 1s the mother-in-law of R (B) P and R are not married to each other
(C) Pisasonof Xand Y (D) Q camnot be married to R
Question Number : 63 Correct: 2 Wrong : -0.66

1200 men and 500 women can build a bridge in 2 weeks. 900 men and 250 women will take 3
weeks to build the same bridge. How many men will be needed to build the bridge in one week?

(A) 3000 (B) 3300 (C) 3600 (D) 3900

Question Number : 64 Correct : 2 Wrong : -0.66

The number of 3-digit numbers such that the digit 1 is never to the immediate right of 2 is

(A) 781 (B) 791 (C) 881 (D) 891
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Question Number : 65 Correct:2 Wrong : -0.66

A contour line joins locations having the same height above the mean sea level. The following is a
contour plot of a geographical region. Contour lines are shown at 25 m intervals in this plot.

500 -.___.-"/
0 1 2 km
Which of the following is the steepest path leaving from P?
(A)Pto Q (B)PtoR (C)PtoS (D)Pto T
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Q. No. Type Section Key Marks
1 NAT MA 1 to 1 1
2 NAT MA 8 to 8 1
3 MCQ MA B 1
4 NAT MA 48 to 48 1
5 MCQ MA D 1
6 NAT MA 36 to 36 1
7 MCQ MA B 1
8 MCQ MA A 1
9 NAT MA 0 toO 1
10 MCQ MA C 1
1 NAT MA 5 to 5 1
12 NAT MA 8 to 8 1
13 NAT MA 0toO 1
14 MCQ MA D 1
15 NAT MA 5 tod 1
16 NAT MA 1 to 1 1
17 MCQ MA C 1
18 MCQ MA D 1
19 MCQ MA A 1
20 MCQ MA A 1
21 MCQ MA D 1
22 MCQ MA A 1
23 NAT MA 23 to 23 1
24 MCQ MA B 1
25 MCQ MA C 1
26 NAT MA 3 to 3 2
27 MCQ MA C 2
28 NAT MA 7 to7 2
29 NAT MA 3 to 3 2
30 MCQ MA D 2
31 MCQ MA B 2
32 NAT MA 9to9 2
33 MCQ MA C 2
34 NAT MA 2 to 2 2
35 MCQ MA A 2
36 NAT MA 2 to2 2
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37 NAT MA 24 to 24 2
38 NAT MA 3 to 3 2
39 MCQ MA A 2
40 MCQ MA B 2
41 NAT MA 24 to 24 2
42 MCQ MA B 2
43 NAT MA 64 to 64 2
44 MCQ MA C 2
45 MCQ MA D 2
46 NAT MA 4 to 4 2
47 NAT MA 0.27 to 0.30 2
48 NAT MA 0.67 to 0.70 2
49 NAT MA 0.73 to 0.77 2
50 NAT MA 0.65 to 0.68 2
51 MCQ MA A 2
52 NAT MA 0.49 to 0.51 2
53 MCQ MA D 2
54 NAT MA 590 to 590 2
55 NAT MA 3.32 to 3.34 2
56 MCQ GA C 1
57 MCQ GA A 1
58 MCQ GA B 1
59 MCQ GA A 1
60 MCQ GA D 1
61 MCQ GA A 2
62 MCQ GA D 2
63 MCQ GA C 2
64 MCQ GA C 2
65 MCQ GA B 2
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GATE 2016 General Aptitude - GA Set-4

Q. 1-Q. 5 carry one mark each.

Q.1

Q.2

Q.3

Q.4

Q.5

An apple costs Rs. 10. An onion costs Rs. 8.

Select the most suitable sentence with respect to grammar and usage.

(A) The price of an apple is greater than an onion.
(B) The price of an apple is more than onion.
(C) The price of an apple is greater than that of an onion.

(D) Apples are more costlier than onions.

The Buddha said, “Holding on to anger is like grasping a hot coal with the intent of throwing it at
someone else; you are the one who gets burnt.”

Select the word below which is closest in meaning to the word underlined above.

(A) burning (B) igniting (C) clutching (D) flinging

M has a son Q and a daughter R. He has no other children. E is the mother of P and daughter-in-
law of M. How is P related to M?

(A) P is the son-in-law of M. (B) P is the grandchild of M.

(C) P is the daughter-in law of M. (D) P is the grandfather of M.

The number that least fits this set: (324, 441, 97 and 64) is

(A) 324 (B) 441 (©) 97 (D) 64

It takes 10 s and 15 s, respectively, for two trains travelling at different constant speeds to
completely pass a telegraph post. The length of the first train is 120 m and that of the second train is
150 m. The magnitude of the difference in the speeds of the two trains (in m/s) is

(A) 2.0 (B) 10.0 (©) 12.0 (D) 22.0

1/3
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GATE 2016 General Aptitude - GA Set-4

Q. 6 - Q. 10 carry two marks each.

Q.6 The velocity V of a vehicle along a straight line is measured in m/s and plotted as shown with
respect to time in seconds. At the end of the 7 seconds, how much will the odometer reading
increase by (in m)?

Y (i)
i
1
1 2 3 4 ] f 7 Timel(s)
(A) O B) 3 ©) 4 (D) 5

Q.7  The overwhelming number of people infected with rabies in India has been flagged by the World
Health Organization as a source of concern. It is estimated that inoculating 70% of pets and stray
dogs against rabies can lead to a significant reduction in the number of people infected with rabies.

Which of the following can be logically inferred from the above sentences?

(A) The number of people in India infected with rabies is high.
(B) The number of people in other parts of the world who are infected with rabies is low.
(C) Rabies can be eradicated in India by vaccinating 70% of stray dogs.
(D) Stray dogs are the main source of rabies worldwide.
Q.8 A flat is shared by four first year undergraduate students. They agreed to allow the oldest of them to
enjoy some extra space in the flat. Manu is two months older than Sravan, who is three months

younger than Trideep. Pavan is one month older than Sravan. Who should occupy the extra space in
the flat?

(A) Manu (B) Sravan (C) Trideep (D) Pavan

Q.9  Find the area bounded by the lines 3x+2y=14, 2x-3y=5 in the first quadrant.
(A) 14.95 (B) 15.25 (C) 15.70 (D) 20.35

2/3
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GATE 2016 General Aptitude - GA Set-4

Q.10 A straight line is fit to a data set (In X, y). This line intercepts the abscissa at In X =0.1 and has a
slope of —0.02. What is the value of y at X = 5 from the fit?

(A) —0.030 (B) -0.014 (C)0.014 (D) 0.030

END OF THE QUESTION PAPER

3/3
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GATE 2016 Mathematics - MA

List of Symbols, Notations and Data

i.i.d. : independent and identically distributed
N(u, 0?) : Normal distribution with mean y and variance 62, u € (—00,0), o > 0

E(X) : Expected value (mean) of the random variable X

d(t) = \/%f_tooe_g dx

[x] : the greatest integer less than or equal to x

Z : Set of integers

Z,, : Setof integers modulo n

R : Set of real numbers

C : Set of complex numbers

R™ : n- dimensional Euclidean space

Usual metric d on R™ is given by d((x;, X3, ., %), (71, ¥as e, ¥)) = By (i — y)H)Y?
£, : Normed linear space of all square-summable real sequences
C[0,1] : Set of all real valued continuous functions on the interval [0,1]
BOD := {(x,y) € R®: x*+ y* < 1}

M* : Conjugate transpose of the matrix M

MT : Transpose of the matrix M

Id : 1dentity matrix of appropriate order

R(M) : Range space of M

N'(M) : Null space of M

W+: Orthogonal complement of the subspace W

MA 1/16

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [ 240] [GATE Maths 2023-2010]

GATE 2016 Mathematics - MA

Q.1 -Q. 25 carry one mark each.
Q.1 Let{X,Y,Z} be abasis of R3. Consider the following statements P and Q:
(P): {X+Y,Y+Z X —Z} is a basis of R,
(Q:{X+Y+2ZX+2Y— Z X —3Z} is abasis of R3,
Which of the above statements hold TRUE?

(A) both Pand Q (B) only P

(C) only Q (D) Neither P nor Q

Q.2  Consider the following statements P and Q:

1 11
P): IfM = [1 2 4‘, then M is singular.
1 3 9

(Q) : Let S be a diagonalizable matrix. If T is a matrix such that S+ 5 T =1d, then Tis

diagonalizable.

Which of the above statements hold TRUE?

(A) both Pand Q (B) only P
(C) only Q (D) Neither P nor Q

Q.3  Consider the following statements P and Q:
(P): IfMisann X n complex matrix, then R(M) = (N ( M*))*.

(Q) : There exists a unitary matrix with an eigenvalue A such that |A| <1.

Which of the above statements hold TRUE?

(A) both P and Q (B) only P
(C)only Q (D) Neither P nor Q

MA 2/16
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GATE 2016 Mathematics - MA

Q.4 Consider areal vector space V of dimension n and a non-zero linear transformation
T:V - V. Ifdimension(T(V)) < nandT? = AT, forsome 1 € R\{0}, then
which of the following statements is TRUE?

(A) determinant(T) = |A|"
(B) There exists a non-trivial subspace V; of VsuchthatT(X) = 0 forall X €V}
(C) Tis invertible

(D) A is the only eigenvalue of T

Q5 LetS = [0,1)U[2,3] andf: S - R be astrictly increasing function such that
f(S) is connected. Which of the following statements is TRUE?

(A) f has exactly one discontinuity
(B) f has exactly two discontinuities
(C) f has infinitely many discontinuities

(D) f is continuous

Q6 Leta;=1anda, =a,_;+ 4, n = 2. Then,

. 1 1 1
lim + + -+ ]
n-wld d;  Axaz An-10n

is equal to

Q.7 Maximum {x +y: (x,y) € B(0,1) }is equal to

Q.8 Leta,b,c,d € R suchthatc? + d? # 0.Then, the Cauchy problem

au, + bu, = e**, X,y ER,
u(x,y) =0 oncx +dy =0

has a unique solution if

(A)ac + bd # 0 (B)ad — bc # 0
(Qac—»bd #0 (D)ad + bc # 0

MA 3/16
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GATE 2016 Mathematics - MA

Q.9 Let u(x,t) be the d'Alembert's solution of the initial value problem for the wave
equation
Uy — CPUy = 0
u(x,0) = f(x), u(x,0) = gx),
where c is a positive real number and f, g are smooth odd functions. Then, u(0,1) is

equal to

Q.10 Let the probability density function of a random variable X be
(

0=

0< <1
X Sx<3

1
c(2x — 1) §<xS1
0 otherwise.

Then, the value of c is equal to

Q.11 Let Vbe the set of all solutions of the equation y”+a y'+ by = 0 satisfying

y(0) = y(1), where a, b are positive real numbers. Then, dimension(V') is equal to

Q12 Lety” +px)y" + q(x)y = 0,x € (—00,00), where p(x) and q(x) are
continuous functions. If y;(x) = sin (x) — 2cos (x) and y,(x) = 2sin(x) +
cos (x) are two linearly independent solutions of the above equation, then

| 4p(0) + 2q(1)]| isequal to

Q13 Let B,(x) be the Legendre polynomial of degreen and I = f_ll x* P,(x)dx, where k

is a non-negative integer. Consider the following statements P and Q:
P): I =0ifk < n.
(Q: 1 = 0ifn — kisan odd integer.

Which of the above statements hold TRUE?

(A) both Pand Q (B) only P
(C) only Q (D) Neither P nor Q

MA 4/16
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GATE 2016 Mathematics - MA

Q.14 Consider the following statements P and Q:
(P): x%y"+ xy'+ (x2 - %) y = 0 has two linearly independent Frobenius series

solutions near x = 0.
(Q): x2y” + 3sin(x) y’+ y = 0 has two linearly independent Frobenius series

solutions near x = 0.

Which of the above statements hold TRUE?

(A) both Pand Q (B) only P
(C) only Q (D) Neither P nor Q

Q.15 Let the polynomial x* be approximated by a polynomial of degree < 2, which
interpolates x* atx = —1,0 and 1. Then, the maximum absolute interpolation error

over the interval [—1, 1] is equal to

Q.16 Let (z,) be a sequence of distinct points in D(0,1) = {z € C: |z| < 1} with

lim,, ., z, = 0. Consider the following statements P and Q:

(P) : There exists a unique analytic function fon D(0,1) such that f(z,,) = sin(z,) for
all n.

(Q) : There exists an analytic function fon D(0,1) such that f(z,,) = 0ifniseven
and f(z,) = lifnis odd.

Which of the above statements hold TRUE?

(A) both Pand Q (B) only P
(Q)only Q (D) Neither P nor Q

Q.17 Let (R, 7) be a topological space with the cofinite topology. Every infinite subset of
R is
(A) Compact but NOT connected
(B) Both compact and connected

(C) NOT compact but connected

(D) Neither compact nor connected

MA 5/16
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GATE 2016 Mathematics - MA

Q18 Letcy= {(x): x, € R x,>0}and M ={(x,) €Eco:x;+ x5+ -+ x10=01}.

Then, dimension(cO/M) is equal to

Q.19 Consider (R?, ||*|lo), where ||(x,y)|lc = maximum{|x]|, |y|}. Letf : R? - Rbe

defined by f(x,y) = % and f the norm preserving linear extension of f to

(R3, ||*lleo)- Then, £(1,1,1) is equal to

Q.20 f:[0,1] - [0,1] is called a shrinking map if |f(x) — f(y)| < |x — y| for all
x,y € [0,1] and a contraction if there existsan @ < 1 such that

lf(x) — fO)| < alx —y|forallx,y € [0,1].

2
Which of the following statements is TRUE for the function f(x) = x — x? ?

(A) f is both a shrinking map and a contraction
(B) f is a shrinking map but NOT a contraction
(C) f is NOT a shrinking map but a contraction

(D) f is Neither a shrinking map nor a contraction

Q.21 Let M be the setofalln X n real matrices with the usual norm topology. Consider the
following statements P and Q:
(P) : The set of all symmetric positive definite matrices in M is connected.

(Q) : The set of all invertible matrices in M is compact.

Which of the above statements hold TRUE?

(A) both P and Q (B) only P
(C) only Q (D) Neither P nor Q

MA 6/16
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Q.22 LetXy, X3, X3, ..., X, bearandom sample from the following probability density
functionfor 0 < u< o0, 0 < a <1,

1
_ a1 e—G-m). >
foo ma) = i@y F~WT e x>

0 otherwise.

Here @ and p are unknown parameters. Which of the following statements is TRUE?

(A) Maximum likelihood estimator of only u exists
(B) Maximum likelihood estimator of only « exists
(C) Maximum likelihood estimators of both y and a exist

(D) Maximum likelihood estimator of Neither 4 nor a exists

Q.23 Suppose Xand Y are two random variables such that aX + bY is a normal random
variable for all a, b € R. Consider the following statements P, Q, R and S:
(P) : Xis a standard normal random variable.
(Q) : The conditional distribution of X given Y is normal.
(R) : The conditional distribution of X given X + Y is normal.
(S): X — Y hasmean 0.

Which of the above statements ALWAYS hold TRUE?

(A) both P and Q (B) both Q and R
(C) bothQand S (D) both Pand S

Q.24 Consider the following statements P and Q:

(P) : If H is a normal subgroup of order 4 of the symmetric group S,, then 54/1_1 is

abelian.

(Q):1IfQ = {£1, +i, £j, * k} is the quaternion group, then Q/{—l 3 is abelian.

Which of the above statements hold TRUE?
(A) both P and Q (B) only P
(Q) only Q (D) Neither P nor Q

Q.25 Let F be afield of order 32. Then the number of non-zero solutions (a,b) € F X F of

the equation x? + x y + y? = 0 is equal to

MA 7/16
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Q. 26 - Q. 55 carry two marks each.

Q.26 Lety ={ze€C: |z| = 2}beoriented in the counter-clockwise direction. Let

1=~ §u (1)d
=5 ¢ 2 cos | ) dz
1

Then, the value of I is equal to

Q.27 Let u(x,y) = x> + ax?y + bxy? + 2 y3beaharmonic function and v(x, y) its
harmonic conjugate. If v(0,0) = 1,then|a + b + v(1,1)| is equal to

Q.28 Lety be the triangular path connecting the points (0,0), (2,2) and (0,2) in the counter-

clockwise direction in R?. Then

I = fsin(x3)dx + 6xydy
¥

is equal to

Q.29 Lety be the solution of
y+y=Ilxl, x€eR

y(=1) = 0.
Then y(1) is equal to
2_ 2 2 _ 92
w:-2 (B)Z - 2e
©2 -2 (D)2 — 2e

Q.30 LetXbe arandom variable with the following cumulative distribution function:

0 x<0

( 1
x? 0Sx<§

€ 2=%
1 x=>1.

ThenP(1<X<1) is equal to
2 q
MA 8/16
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Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Let y be the curve which passes through (0,1) and intersects each curve of the family

y = ¢ x? orthogonally. Then y also passes through the point

(4) (vV2,0) (B) (0,v2)
@ @D (D) (=11

LetS(x) = ay+ Yo—i(a, cos (nx) + b, sin (n x)) be the Fourier series of the

2 7 periodic function defined by f(x) = x? + 4 sin (x) cos(x), —m < x < m.Then

0 [
2,4 2
n=0

=1

is equal to

Let y(t) be a continuous function on [0, 0). If

t t

y)=t(1 — 4 ]y(x)dx) + 4 fxy(x) dx,
0 0
then [ "2y (t) dt is equal to
LetS, = 2:1% and I,, = fln x;—z[x] dx . Then, S;y + I is equal to
(A)In10 + 1 (B)In10 — 1
1 1
(QIn10 -~ (D)In10 + -

Forany (x,y) € R?\B(0,1), let

f(x,y) = distance ((x, v), B(O,l))
= infimum {{/(x —x)? + (y —y1)? : (x1,31) € BOD}.

Then, || Vf (3,4) || isequalto

1 e—X2(1+1t2)

Letf(x) = (Jy e dt)’ and g(x) = Jo = dt.Then f (Vi) + g’ (Vm) is

equal to

MA
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Q.37 a b c
LetM = [b d e] be a real matrix with eigenvalues 1, 0 and 3. If the eigenvectors
c e f

corresponding to 1 and 0 are (1,1,1)T and (1, —1,0)7 respectively, then the value of

3f is equal to

110
LetM = [o 1 1]andeM= Id+ M+ - M2+ M3+ If e = [b;], then
00 1 | |

Q.38

is equal to

Q39 Letthe integral I = f:f(x)dx, where f(x) = {4 f X g :; ;j

Consider the following statements P and Q:

(P) : If I, is the value of the integral obtained by the composite trapezoidal rule with
two equal sub-intervals, then I, is exact.

(Q) : If I3 is the value of the integral obtained by the composite trapezoidal rule with

three equal sub-intervals, then /5 is exact.

Which of the above statements hold TRUE?

(A) both P and Q (B) only P
(C) only Q (D) Neither P nor Q

Q.40 The difference between the least two eigenvalues of the boundary value problem

y"'+ Ay =0, 0<x<m
y(©) =0, y(m=0,

is equal to

Q41 The number of roots of the equation x2 — cos(x) = 0 in the interval [— %g] is equal

to
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Q.42 For the fixed point iteration x,,; = g(x;), k=0,1,2, ... .. , consider the following

statements P and Q:

P):Ifgx) =1+ % then the fixed point iteration converges to 2 for all x, € [1,100].

(Q):If g(x) = V2 + x then the fixed point iteration converges to 2 for
all x, € [0,100].

Which of the above statements hold TRUE?

(A) both Pand Q (B) only P
(C)only Q (D) Neither P nor Q

Q43 LetT: ¢, - ¥, bedefined by

T((xl,xz,---,xn,---)) = (X3 — X1, X3 — X2, Xng1 = Xyt )

Then

(A) T =1

(B) lIT]| > 2 but bounded
CO1< T <2

(D) |IT|| is unbounded

Q.44 Minimize w = x + 2y subject to

2x+y =3
x+y =2
x=0,y =0.

Then, the minimum value of w is equal to

Q.45 Maximizew = 11 x — z subject to

10x+y—z <1
2x —2y+z <2
x,y,z=0.

Then, the maximum value of w is equal to

MA 11/16
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Q.46

Q.47

Q.48

Q.49

Q.50

Let X1, X5, X3, ... be a sequence of i.i.d. random variables with mean 1. If Nis a

geometric random variable with the probability mass function P(N = k) = zik;

k =1,2,3,... and itis independent of the X;'s, then E(X; + X, + -+ Xy) is equal to

Let X; be an exponential random variable with mean 1 and X, a gamma random
variable with mean 2 and variance 2. If X; and X, are independently distributed, then

P(X,; < X,) isequal to

Let X;, X,, X5, ... be a sequence of i.i.d. uniform (0,1) random variables. Then, the value
of
lim P(— In(1-X;)—-- —In(1-X,,)) =n)

n—-oo

is equal to

Let X be a standard normal random variable. Then, P (X < 0 ||[X]| = 1) isequal to

o(1)-5 D(1)+5

(A) ®(2)-2 (B) D(2)+3
1

(©) (b(l)_g D) ®(1)+1

P)+5 ®(2)+1

Let X1, X5, X3, ..., X, be arandom sample from the probability density function
Bae ™+ (1-0)2ae 2%

fe = | .

wherea > 0, 0 < 6 < 1 are parameters. Consider the following testing problem:

Hy:0 =1, =1 versus H;:0 =0,a = 2.

x =0
otherwise,

Which of the following statements is TRUE?

(A) Uniformly Most Powerful test does NOT exist

(B) Uniformly Most Powerful test is of the form ). ; X; > ¢, for some 0 < ¢ <
(C) Uniformly Most Powerful test is of the form };/-, X; < ¢, for some 0 < ¢ < o0
(D) Uniformly Most Powerful test is of the form ¢; < Y, X; < ¢, for

some 0<¢; <c, <

MA
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Q.51 LetX;,X,,X3,... beasequence ofi.i.d. N(u, 1) random variables. Then,

lim Y7 PG
i=1

n-co 2n

is equal to

Q.52 LetX;,X,,X;, ..., X,, bearandom sample from uniform [1, 8], for some 8 > 1. If
X(ny = Maximum (X3, X, X3, ..., X,), then the UMVUE of 8 is

+1 1 +1 1
() == Xe + (B) X~

n 1 n n+1
©) X +5 D) 7 Xm + =

Q.53 Letx; =x, =x3 =1, x4 = X5 = X¢ = 2 be arandom sample from a Poisson random
variable with mean 6, where 8 € {1, 2}. Then, the maximum likelihood estimator of 8

is equal to

Q.54 The remainder when 98! is divided by 101 is equal to

Q.55 Let G beagroup whose presentation is
G={xy|x>=y? =e,  x*y=yx}k

Then G is isomorphic to
(A) Zs (B) Z1o

Q) Z, (D) Z3

MA 13/16
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Q. No | Type | Section Key Marks
1 MCQ| GA C 1
2 MCQ| GA C 1
3 MCQ| GA B 1
4 |MCQ, GA C;D 1
5 MCQ| GA A 1
6 |MCQ| GA D 2
7 |MCQ| GA A 2
8 |MCQ, GA C 2
9 MCQ| GA B 2
10 |MCQ| GA A 2
1 MCQ| MA C 1
2 MCQ| MA C 1
3 MCQ| MA B 1
4 |MCQ, MA B 1
5 MCQ| MA D 1
6 NAT MA 0.24: 0.26 1
7 NAT MA 1.39: 1.43 1
8 |MCQ, MA A 1
9 NAT MA -0.1: 0.1 1
10 | NAT MA 5.2:53 1
11 | NAT MA 09:1.1 1
12 | NAT MA 1.95: 2.05 1
13 MCQ| MA A 1
14 |MCQ| MA B 1
15 | NAT MA 0.22: 0.28 1
16 |MCQ| MA B 1
17 |MCQ| MA B 1
18 | NAT MA 09: 11 1
19 | NAT MA 09:1.1 1
20 |MCQ| MA B;D 1
21 |MCQ| MA B 1
22 |MCQ| MA D 1
23 | MCQ| MA B 1
24 | MCQ| MA C 1
25 | NAT MA -0.1: 0.1 1
26 | NAT MA | 0.039: 0.043 2
27 | NAT MA 9.9: 10.1 2
28 | NAT MA 15.9: 16.1 2
29 |MCQ| MA A 2
30 | NAT MA 0.65: 0.71 2
31 |MCQ| MA A 2
32 | NAT MA 1.9: 21 2
33 | NAT MA 0.45: 0.55 2
34 |MCQ| MA A 2
35 | NAT MA 09: 1.1 2
36 | NAT MA -0.1: 01 2
37 | NAT MA 69: 7.1 2
38 | NAT MA 54:5.6 2
39 |MCQ| MA B 2
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40 | NAT MA 19: 21 2
41 | NAT MA 19: 21 2
42 |MCQ| MA A 2
43 |MCQ| MA C 2
44 | NAT MA 19: 21 2
45 | NAT MA 12:13 2
46 | NAT MA 19: 21 2
47 | NAT MA 0.7: 0.8 2
48 | NAT MA 0.4: 0.6 2
49 |MCQ| MA A 2
50 |MCQ| MA C 2
51 | NAT MA 0.69: 0.73 2
52 |MCQ| MA B 2
53 | NAT MA 19: 21 2
54 | NAT MA 49.9: 50.1 2
55 |MCQ| MA C 2
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List of Symbols, Notations and Data
B(n, p): Binomial distribution with n trials and success probability p; n € {1,2,...}and p € (0,1)
U(a, b): Uniform distribution on the interval (a,b),—0 < a < b <
N(u, 02): Normal distribution with mean p and variance o2, u € (=, ), o > 0
P(A) : Probability of the event A
Poisson(A): Poisson distribution with mean 1,1 > 0
E (X): Expected value (mean) of the random variable X
If Z~N(0,1), then P(Z < 1.96) = 0.975and P(Z < 0.54) = 0.7054
Z : Set of integers
Q : Set of rational numbers
R : Set of real numbers
C : Set of complex numbers
Z,,: The cyclic group of order n
F[x] : Polynomial ring over the field F
C[0, 1] : Set of all real valued continuous functions on the interval [0, 1]
C'[0, 1] : Set of all real valued continuously differentiable functions on the interval [0, 1]
£, : Normed space of all square-summable real sequences
L?[0, 1]: Space of all square-Lebesgue integrable real valued functiolns on the interval [0, 1]
([0,1], I II): The space C[0, 1] with lIfll, = ( J,1 f(0)I2 dx)?
(C[0,1], I lleo): The space C[0, 1] with [|fll = sup{ |f(x)| : x €[0,1]}
V+: The orthogonal complement of V in an inner product space

R"™ : n -dimensional Euclidean space
Usual metric d on R™ is given by d((xy, X2, ., Xn), (71, Y2, s Yn)) = Ty (3 — y)2) 2
I,: The n X n identity matrix (I : the identity matrix when order is NOT specified)

o(g) : The order of the element g of a group

MA 1/9
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Q. 1-Q. 25 carry one mark each.

Q.1 LetT: R* > R*be alinear map defined by
T(x,y,z,w) = (x +z,2x + y + 32,2y + 2z, w).

Then the rank of T is equal to

Q.2  Let M be a3 x 3 matrix and suppose that 1, 2 and 3 are the eigenvalues of M. If
M? 11
M= ——- M+ —1I
. a a
for some scalar a + 0, then « is equal to

Q.3  LetM be a3 x 3 singular matrix and suppose that 2 and 3 are eigenvalues of M. Then the number
of linearly independent eigenvectors of M3 + 2 M + I5 is equal to

Q.4 -2 6 1 a
Let M be a 3 x 3 matrix such that M ( 1 > = <—3> and suppose that M3 (—1/2) = (ﬁ) for

0 0
some a, B,y € R. Then |a | isequal to

Q.5 Letf:[0,0) - R be defined by

X

flx) = f sin?(t?) dt.
0
Then the function £ is

(A) uniformly continuous on [0, 1) but NOT on (0, o)

(B) uniformly continuous on (0, c0) but NOT on [0, 1)

(C) uniformly continuous on both [0, 1) and (0, o)

(D) neither uniformly continuous on [0, 1) nor uniformly continuous on (0, )

Q6 = if niseven
. - 00 n 311
Consider the power series Y7o a,z™, where a, = {%
— ifnis odd.
511
The radius of convergence of the series is equal to

Q.7 _ o il 1 z°-4
LetC={z €C :|z—i|]=2}. Then 2n§C

dz isequal to
Z24 4 q

P(X+Y <2)

8 - L ~
Q Let X ~ B(5, 2) and Y ~ U(0,1). Then P(X+Y=5)

is equal to

MA 2/9
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Q.9  Let the random variable X have the distribution function
(0 if x<0
X
E if0 <x<1
3
F(x)=<§ if1 <x<2
! + ad if 2 <x<3
2" 8 ne=x
1 if x = 3.
Then P(2 < X < 4) is equal to
Q.10 Let X be arandom variable having the distribution function
(0 if x<0
1
! if 1 < 2
Fx) =13 Hhsxs
1 f2 << 11
2 He=%s73
_ 11
L1 if X = ?
Then E(X) is equal to
Q.11 Inan experiment, a fair die is rolled until two sixes are obtained in succession. The probability that
the experiment will end in the fifth trial is equal to
125 150 175 200
(A) — (B) — ©)—= (D) -
Q.12 Letx; =22, x, =43, x3 =3.1, x, =4.5, xs = 1.1 and x4, = 5.7 be the observed values of a
random sample of size 6 froma U(6 — 1, 8 + 4) distribution, where 8 € (0, «) is unknown. Then
a maximum likelihood estimate of & is equal to
(A)1.8 (B) 2.3 (©) 3.1 (D) 3.6
Q.13 LetQ= {(x,y) € R?|x?+ y? < 1} be the open unit disc in R? with boundary 0Q. If u(x,y) is
the solution of the Dirichlet problem
Uyy + Uyy =0 in Q
u(x,y) =1—2y% onaQ,
1 .
then u (E’ O) is equal to
(A) -1 (B) = © D)1
MA 3/9
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Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Z3[X]

Let ¢ € Z3 be such that —; is a field. Then ¢ isequal to
(X3+ c X+1)

LetV = C0,1], X = (C[0,1],]] llw)andY = (C[0,1],]| |l,)- ThenVis

(A) dense in X but NOT inY

(B) dense inY but NOT in X

(C) dense in both X and Y

(D) neither dense in X nor dense in Y

LetT : (C[0,1],]] |lew) = Rbedefinedby T(f) = fol 2xf(x) dx forall f € C[0,1]. Then ||T||
is equal to

Let 7, be the usual topology on R. Let 7, be the topology on R generated by
B={la,b)cR: —oo<a<b<o}. Thentheset{x € R:4 sin®x <1} U{%} is

(A) closed in (R, 7;) but NOT in (R, 7,)

(B) closed in (R, 7,) but NOT in (R, 7,)

(C) closed in both (R, ;) and (R, 7,)

(D) neither closed in (R, 7;) nor closed in (R, ;)

Let X be a connected topological space such that there exists a non-constant continuous function
f + X - R, where R is equipped with the usual topology. Let f(X) = { f(x): x € X}. Then

(A) X is countable but f(X) is uncountable
(B) f(X) is countable but X is uncountable
(C) both f(X) and X are countable

(D) both f(X) and X are uncountable

Let d; and d, denote the usual metric and the discrete metric on R, respectively.
Let f: (R,d;) — (R, d;) be defined by f(x) = x, x € R. Then

(A) 1 is continuous but £~ is NOT continuous
(B) £~ is continuous but f is NOT continuous
(C) both f and £~ are continuous
(D) neither f nor £~1 is continuous

If the trapezoidal rule with single interval [0, 1] is exact for approximating the integral
f()l(x3 — ¢ x?)dx, then the value of c is equal to

Suppose that the Newton-Raphson method is applied to the equation 2x2 + 1 — e** = 0 with an
initial approximation x, sufficiently close to zero. Then, for the root x = 0, the order of
convergence of the method is equal to

MA
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Q.22 The minimum possible order of a homogeneous linear ordinary differential equation with real
constant coefficients having x2 sin(x) as a solution is equal to

Q.23 The Lagrangian of a system in terms of polar coordinates (r, 8) is given by

1 1 .
L= Em?"2+ > m (724 1262 ) — mgr (1 — cos(0)),
where m is the mass, g is the acceleration due to gravity and $ denotes the derivative of s with

respect to time. Then the equations of motion are

(A) 2#=r6%— g(1— cos(d)), %(rzé) = —gr sin(9)
(B) 2¥# =762+ g (1— cos(H)), %(rzé) = —gr sin(6)
(C) 2#=1r6%— g (1— cos(h)), %(rzé) = gr sin(d)

(D) 2#=716%+ g (1 — cos(h)), %(7‘29) = gr sin(9)

Q.24 If y(x) satisfies the initial value problem
(x? + y)dx = x dy, y(1) = 2,
then y(2) is equal to

Q.25 Itis known that Bessel functions J,,(x), for n > 0, satisfy the identity
x 1 g -1\
eﬂ“ﬂ=haﬂ—§pum(w+( ))
n=1

tn

forall t > 0 and x € R. The value of J, (g) + 2 3% Jon (g) is equal to

Q. 26 — Q. 55 carry two marks each.

Q.26 LetXandY be two random variables having the joint probability density function

2 ifo<x<y<i1
0 otherwise.

feoy ={

Then the conditional probability P (X < g | Y= %) is equal to

K ®) 3 © 2 © ¢

Q.27 LetQ = (0,1] be the sample space and let P(-) be a probability function defined by

X fo<x<s
P((0,x]) =4* ) 2
X if E <x<1.
Then P ({%}) is equal to
MA 5/9
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Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Let X;, X, and X5 be independent and identically distributed random variables with E(X;) = 0 and
EX?) = 1:5. If 1 :(0,0) - (0, ) is defined through the conditional expectation
W) =EQXZ | X2+ X3+ X2 =1), t>0,

then E@((X; + X,)?)) is equal to

Let X ~ Poisson(4), where A > 0 is unknown. If §(X) is the unbiased estimator of
g(A) = e7*(322 + 21+ 1),then Y%, 8(k) isequal to

Let X3, ..., X;, be a random sample from N (g, 1) distribution, where u € {0, %}. For testing the null

hypothesis Hy: 4 = 0 against the alternative hypothesis H;: u = % consider the critical region

n
R = {(xl,xz, v Xp) in > c},
i=1

where c is some real constant. If the critical region R has size 0.025 and power 0.7054, then the
value of the sample size n is equal to

Let X and Y be independently distributed central chi-squared random variables with degrees of
freedom m (= 3) and n (= 3), respectively. If E (%) = 3andm+n = 14, then E G) is equal to

(A 2 ®) © 3 () 7

Let X,, X,, ... be a sequence of independent and identically distributed random variables with
P(X, = 1) = % and P(X, = 2) = % If X, = % n X, for n=1,2,..,then
lim,,_,, P(X,, < 1.8) is equal to

Letu(x,y) = 2f(y) cos(x — 2y), (x,y) € R?, be asolution of the initial value problem

2uy + uy =u
u(x,0) = cos(x).
Then f(1) isequal to

A 3 B) ©) e ©) =

Let u(x,t), x € R, t = 0, be the solution of the initial value problem

Ut = Uyyx
u(x,0) =x
u:(x,0) = 1.

Then u(2,2) isequal to

MA
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Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

Let W = Span {% (0,0,1,1), % 1, —1,0,0)} be a subspace of the Euclidean space R*. Then the
square of the distance from the point (1,1,1,1) to the subspace W is equal to

Let T : R* - R* be a linear map such that the null space of T is

{(x,y,zw) e Rh:x+y +z+w = 0}
and the rank of (T — 4 1,) is 3. If the minimal polynomial of T is x(x —4)%,
then « is equal to

Let M be an invertible Hermitian matrix and let x, v € R be such that x? < 4y. Then

(A) bothM? + x M +yland M2 — x M + y I are singular

(B) M2 + x M + y I is singular but M2 — x M + y I is non-singular
(C) M2 + x M + y I isnon-singular but M2 — x M + y I is singular
(D) both M2+ x M +yIand M? — x M + y I are non-singular

Let G ={e,x,x% x3,y,xy,x2y, x3y} with o(x) = 4,0(y) = 2 and xy = yx3. Then the number
of elements in the center of the group G is equal to

(A) 1 (B) 2 (C) 4 (D) 8

The number of ring homomorphisms from Z, x Z, to Z, is equal to

Letp(x) = 9x°>+ 10x3+ 5x+15and q(x) = x3 — x?2 — x — 2 be two polynomials in
Q [x]. Then, over @,

(A) p(x)and q(x) are both irreducible
(B) p(x) isreducible but g(x) is irreducible
(C) p(x) is irreducible but g(x) is reducible
(D) p(x) and g(x) are both reducible

Consider the linear programming problem
Maximize 3 x + 9y,

subject to 2y—x<2
3y—x=20
2x+3y<10
x,y = 0.
Then the maximum value of the objective function is equal to

LetS = { (x,sin i) :0<x<1}andT = SuU{(0,0)}. Under the usual metric on R?,

(A) S isclosed but T is NOT closed
(B) T isclosed but S is NOT closed
(C) both S and T are closed
(D) neither S nor T is closed

MA
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Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

LetH ={ (x,) € €;: N, ™2 =1} Then H

(A) is bounded (B) is closed
(C) is asubspace (D) has an interior point

Let V be a closed subspace of L?[0,1] and let f,g € L?[0,1] be given by f(x) = x and
g(x) = x%2. If V1 =Span{f }and Pg is the orthogonal projection of g on V, then
(g—Pg)(x), x€[0,1],is

(A) 2x (B) 7x (©) 2x? (D) 7x?

Let p(x) be the polynomial of degree at most 3 that passes through the points (—2,12), (-1, 1),
(0,2) and (2, —8). Then the coefficient of x3 in p(x) is equal to

If, for some a, f € R, the integration formula

2
f p()dx = p(@) + p(B)
0

holds for all polynomials p(x) of degree at most 3, then the value of 3(a — )? is equal to

Let y(t) be a continuous function on [0, ) whose Laplace transform exists. If y(t) satisfies

t
f (1= cos(t— 1))y (r) dr = t*4,
0
then y(1) is equal to

Consider the initial value problem

x%y" — 6y =0, y(1) = a, y'(1) = 6.
If y(x) -0 asx — 07, then a is equal to

Define fi, f>:[0,1] » R by
[00] . 2 [0¢]
A=Y T ang = Y - xt

n=1 n=1

Then

(A) fi is continuous but £, is NOT continuous
(B) f, is continuous but f; is NOT continuous
(C) both f; and f, are continuous
(D) neither f; nor f, is continuous

Consider the unit sphere S = {(x,y,z) € R®:x2 + y? + z2 = 1} and the unit normal vector
fl = (x,y,z) ateach point (x,y,z) on S. The value of the surface integral

jj 2_x_|_ i 2 + Z_X + 2_Z_|_ in2 d
G+ s X+ (eF = Dy + (o sin’y) 2} do
is equal to

MA
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Q.51 LetD ={(x,y) ER%:1<x <1000, 1 <y <1000}. Define

xy 500 500
f(X,}’)=T+—

Then the minimum value of f on D is equal to

y

Q.52 LetDh={z€C:|z| < 1}. Then there exists a non-constant analytic function f on D such that
foralln =2,3,4,..
V=1 1) =
A F(E) =0 ®) f(7) =0
© f(1-2) =0 ©) f(3-;)=0

1

—————— inthe annulus
2z%-13z+15

Q.53  LetY*® _. a,z" be the Laurent series expansion of f(z) =

1

2 <zl <5.Then & isequal to
2 a;

Q54 The value of —— |

——— isequal to
4-1 ’|z|=4 2z cos(z) g

Q.55 Suppose that among all continuously differentiable functions y(x), x € R,
with y(0) = 0and y(1) = % the function yy(x) minimizes the functional

1
f (e7"=9) 4+ (1 +y)y')dx.
0

Then y, (%) is equal to

()0 OF © 3 (0) 3

END OF THE QUESTION PAPER

MA 9/9
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GATE 2014: General Instructions during Examination

1. Total duration of the GATE examination is 180 minutes.

2. The clock will be set at the server. The countdown timer at the top right corner of
screen will display the remaining time available for you to complete the examination.
When the timer reaches zero, the examination will end by itself. You need not
terminate the examination or submit your paper.

3. Any useful data required for your paper can be viewed by clicking on the Useful
Common Data button that appears on the screen.

4. Use the scribble pad provided to you for any rough work. Submit the scribble pad at
the end of the examination.

5. You are allowed to use a non-programmable type calculator, however, sharing of
calculators is not allowed.

6. The Question Palette displayed on the right side of screen will show the status of
each question using one of the following symbols:

1 | You have not visited the question vet.

B} Youhave not answered the question.
. You have answered the question.
L |

mf—ﬂ\ You have NOT answered the question, but have marked the question for review.

e

Iul You have answered the question, but marked it for review.

The Marked for Review status for a question simply indicates that you would like to look at
that question again. If a question is answered, but marked for review, then the answer will
be considered for evaluation unless the status is modified by the candidate.

Navigating to a Question :

7. To answer a question, do the following:

a. Click on the question number in the Question Palette to go to that question
directly.

b. Select an answer for a multiple choice type question by clicking on the bubble
placed before the 4 choices, namely A, B, C and D. Use the virtual numeric
keypad to enter a number as answer for a numerical type question.

c. Click on Save & Next to save your answer for the current question and then go
to the next question.

d. Click on Mark for Review & Next to save your answer for the current question
and also mark it for review, and then go to the next question.
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Caution: Note that your answer for the current question will not be saved, if you navigate
to another question directly by clicking on a question number without saving the answer to
the previous question.

You can view all the questions by clicking on the Question Paper button. This feature is
provided, so that if you want you can just see the entire question paper at a glance.

Answering a Question :

8. Procedure for answering a multiple choice (MCQ) type question:
a. Choose one answer from the 4 options (A,B,C,D) given below the question,
click on the bubble placed before the chosen option.
b. To deselect your chosen answer, click on the bubble of the chosen option again
or click on the Clear Response button.
c. To change your chosen answer, click on the bubble of another option.
d. To save your answer, you MUST click on the Save & Next button.

9. Procedure for answering a numerical answer type question:
a. To enter a number as your answer, use the virtual numerical keypad.
b. A fraction (e.g. -0.3 or -.3) can be entered as an answer with or without 'O’
before the decimal point. As many as four decimal points, e.g. 12.5435 or
0.003 or -932.6711 or 12.82 can be entered.
c. To clear your answer, click on the Clear Response button.
d. To save your answer, you MUST click on the Save & Next button
10. To mark a question for review, click on the Mark for Review & Next button. If an

answer is selected (for MCQ) or entered (for numerical answer type) for a question
that is Marked for Review, that answer will be considered in the evaluation unless
the status is modified by the candidate.

11. To change your answer to a question that has already been answered, first select
that question for answering and then follow the procedure for answering that type of
guestion.

12. Note that ONLY Questions for which answers are saved or marked for review after
answering will be considered for evaluation.

Choosing a Section :

13. Sections in this question paper are displayed on the top bar of the screen. Questions
in a Section can be viewed by clicking on the name of that Section. The Section you
are currently viewing will be highlighted.

14. A checkbox is displayed for every optional Section, if any, in the Question Paper. To
select the optional Section for answering, click on the checkbox for that Section.

15. If the checkbox for an optional Section is not selected, the Save & Next button and
the Mark for Review & Next button will NOT be enabled for that Section. You will
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only be able to see questions in this Section, but you will not be able to answer
guestions in the Section.

16. After clicking the Save & Next button for the last question in a Section, you will
automatically be taken to the first question of the next Section in sequence.

17. You can move the mouse cursor over the name of a Section to view the answering
status for that Section.

Changing the Optional Section :

18. After answering the chosen optional Section, partially or completely, you can change
the optional Section by selecting the checkbox for a new Section that you want to
attempt. A warning message will appear along with a table showing the number of
questions answered in each of the previously chosen optional Sections and a
checkbox against each of these Sections. Click on a checkbox against a Section that
you want to reset and then click on the RESET button. Note that RESETTING a Section
will DELETE all the answers for questions in that Section. Hence, if you think that you
may want to select this Section again later, you will have to note down your answers
for questions in that Section. If you do not want to reset the Section and want to
continue answering the previously chosen optional Section, then click on the BACK
button.

19. If you deselect the checkbox for an optional Section in the top bar, the following
warning message will appear: "Deselecting the checkbox will DELETE all the answers
for questions in this Section. Do you want to deselect this Section?” If you want to
deselect, click on the RESET button. If you do not want to deselect, click on the BACK
button.

20. You can shuffle between different Sections or change the optional Sections any
number of times.
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GATE 2014 Examination
MA: Mathematics

Duration: 180 minutes Maximum Marks: 100
Read the following instructions carefully.

1. To login, enter your Registration Number and password provided to you. Kindly go through the various
symbols used in the test and understand their meaning before you start the examination.

2. Once you login and after the start of the examination, you can view all the questions in the question
paper, by clicking on the View All Questions button in the screen.

3. This question paper consists of 2 sections, General Aptitude (GA) for 15 marks and the subject
specific GATE paper for 85 marks. Both these sections are compulsory.
The GA section consists of 10 questions. Question numbers 1 to 5 are of 1-mark each, while question
numbers 6 to 10 are of 2-mark each.
The subject specific GATE paper section consists of 55 questions, out of which question numbers 1 to
25 are of 1-mark each, while question numbers 26 to 55 are of 2-mark each.

4. Depending upon the GATE paper, there may be useful common data that may be required for
answering the questions. If the paper has such useful data, the same can be viewed by clicking on the
Useful Common Data button that appears at the top, right hand side of the screen.

5. The computer allotted to you at the examination center runs specialized software that permits only one
answer to be selected for multiple-choice questions using a mouse and to enter a suitable number for
the numerical answer type questions using the virtual keyboard and mouse.

6. Your answers shall be updated and saved on a server periodically and also at the end of the
examination. The examination will stop automatically at the end of 180 minutes.

7. In each paper a candidate can answer a total of 65 questions carrying 100 marks.

8. The question paper may consist of questions of multiple choice type (MCQ) and numerical answer
type.

9. Multiple choice type questions will have four choices against A, B, C, D, out of which only ONE is the
correct answer. The candidate has to choose the correct answer by clicking on the bubble (©) placed
before the choice.

10. For numerical answer type questions, each question will have a numerical answer and there will not be
any choices. For these questions, the answer should be enteredby using the virtual keyboard that
appears on the monitor and the mouse.

11. All questions that are not attempted will result in zero marks. However, wrong answers for multiple
choice type questions (MCQ) will result in NEGATIVE marks. For all MCQ questions a wrong
answer will result in deduction of% marks for a 1-mark question and % marks for a 2-mark question.

12. There is NO NEGATIVE MARKING for questions of NUMERICAL ANSWER TYPE.

13. Non-programmable type Calculator is allowed. Charts, graph sheets, and mathematical tables are NOT
allowed in the Examination Hall. You must use the Scribble pad provided to you at the examination
centre for all your rough work. The Scribble Pad has to be returned at the end of the examination.

Declaration by the candidate:
“l have read and understood all the above instructions. | have also read and understood clearly the
instructions given on the admit card and shall follow the same. | also understand that in case | am found to

violate any of these instructions, my candidature is liable to be cancelled. I also confirm that at the start of
the examination all the computer hardware allotted to me are in proper working condition”.

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics

GATE 2014

[ 268]

SET-1 General Aptitude -GA

Q. 1-Q. 5 carry one mark each.

Q.1

Q.2

Q.3

Q.4

Q5

A student is required to demonstrate a high level of comprehension of the subject, especially in the
social sciences.

The word closest in meaning to comprehension is

(A) understanding (B) meaning (C) concentration (D) stability
Choose the most appropriate word from the options given below to complete the following

sentence.

One of his biggest was his ability to forgive.

(A) vice (B) virtues (C) choices (D) strength

Rajan was not happy that Sajan decided to do the project on his own. On observing his
unhappiness, Sajan explained to Rajan that he preferred to work independently.

Which one of the statements below is logically valid and can be inferred from the above sentences?

(A) Rajan has decided to work only in a group.

(B) Rajan and Sajan were formed into a group against their wishes.
(C) Sajan had decided to give in to Rajan’s request to work with him.
(D) Rajan had believed that Sajan and he would be working together.

If y = 5x* + 3, then the tangentat x =0,y = 3

(A) passes throughx=0,y=0
(C) is parallel to the x-axis

(B) has a slope of +1
(D) has a slope of —1

A foundry has a fixed daily cost of Rs 50,000 whenever it operates and a variable cost of Rs 800Q,
where Q is the daily production in tonnes. What is the cost of production in Rs per tonne for a daily
production of 100 tonnes?

Q. 6 - Q. 10 carry two marks each.

Q.6

Q.7

Find the odd one in the following group: ALRVX, EPVZB, ITZDF, OYEIK
(A) ALRVX (B) EPVZB (C) ITZDF (D) OYEIK

Anuj, Bhola, Chandan, Dilip, Eswar and Faisal live on different floors in a six-storeyed building
(the ground floor is numbered 1, the floor above it 2, and so on). Anuj lives on an even-numbered
floor. Bhola does not live on an odd numbered floor. Chandan does not live on any of the floors
below Faisal’s floor. Dilip does not live on floor number 2. Eswar does not live on a floor
immediately above or immediately below Bhola. Faisal lives three floors above Dilip. Which of the
following floor-person combinations is correct?

[GATE Maths 2023-2010]

Anuj Bhola Chandan Dilip Eswar Faisal
(A) 6 2 5 1 3 4
(B) 2 6 5 1 3 4
(©) 4 2 6 3 1 5
(D) 2 4 6 1 3 5

GA
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Q.8  The smallest angle of a triangle is equal to two thirds of the smallest angle of a quadrilateral. The
ratio between the angles of the quadrilateral is 3:4:5:6. The largest angle of the triangle is twice its
smallest angle. What is the sum, in degrees, of the second largest angle of the triangle and the
largest angle of the quadrilateral?

Q.9  One percent of the people of country X are taller than 6 ft. Two percent of the people of country Y
are taller than 6 ft. There are thrice as many people in country X as in country Y. Taking both
countries together, what is the percentage of people taller than 6 ft?

(A) 3.0 (B) 2.5 (C) 15 (D) 1.25

Q.10 The monthly rainfall chart based on 50 years of rainfall in Agra is shown in the following figure.
Which of the following are true? (k percentile is the value such that k percent of the data fall below

that value)
800
—=—— Average

700 e 5 percentile
- 95 percentile

e 500

E

».=‘E 400

£

© 300

200

100 |

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(i) On average, it rains more in July than in December

(ii) Every year, the amount of rainfall in August is more than that in January
(iii) July rainfall can be estimated with better confidence than February rainfall
(iv) In August, there is at least 500 mm of rainfall

(A) (i) and (ii) (B) (i) and (iii)
(C) (ii) and (iii) (D) (iii) and (iv)

END OF THE QUESTION PAPER

GA 2/2
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Symbols and Notation Used

R The set of all real numbers
C The set of all complex numbers
Q The set of all rational numbers
N The set of all positive integers
Z The set of all integers
Y/ The cyclic group of order n
Re(z2) Real part of a complex number z
Im(2) Imaginary part of a complex number z
P(E) Probability of an event E
E[X] Expectation of a random variable X
Var(X) Variance of a random variable X
M, (R) The set of all n x n matrices with real entries

GL,(R) The set of all 2 x 2 matrices with determinant 1

Cla,b] The set of all real valued continuous functions on the
real interval [a, b]

C™[a, b] The set of all real valued n-times continuously
differentiable functions on the real interval [a, b]

/P The space of all p-summable sequences
LP[a, b] The space of all p-integrable functions on the interval
[a, b]
<. , > An inner product
a] Derivative of 6 with respect to t
MA 112
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Q. 1-Q. 25 carry one mark each.

Q1 The function f(2) = |z|2 +i7Z +1 is differentiable at

(A) i |B) 1 (C) —i (D) no pointinC
Q.2 %
Z 4(—1)” n ZZn
The radius of convergence of the power series is
n=0

Q3  Let E, and E, be two non empty subsets of a normed linear space X and let

E,+E, ={x+yeX:xeE, andyeE,} . Then which of the following statements is FALSE:

(A) If E; and E, are convex, then E, + E, is convex
(B) If E, or E,is open, then E, +E, is open
(C) E,+E, mustbe closed if E, and E, are closed

(D) If E, is closed and E, is compact, then E, + E, is closed

4
Q Let y(x)be the solution to the initial value problem % =,y +2x subject to y(1.2) = 2. Using
X

the Euler method with the step size h = 0.05, the approximate value of y(1.3), correct to two
decimal places, is

Q5 Leta € R.If ax is the polynomial which interpolates the function f (x) =sinzx on [-11]atall
the zeroes of the polynomial 4x°> —3x, then « is
Q.6 2%u 2%u

If u(x,t) isthe D’Alembert’s solution to the wave equation 2 a0 XE€ R, t > 0, with

the condition u(x,0) =0 and Z—ItJ(X,O) =COSX , then u(o, %j is

Q.7 y
The solution to the integral equation ¢(X) = X + Isin(x -&p(&)d< is
0
x® x® X3 x°
A) X* +— B) X—— C) X+— D) x*——
(A) 3 (B) 31 © 3l (D) 3l
MA 2112
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Q8 : N . ,dly dy (L, 9 _
The general solution to the ordinary differential equation X F+Xd_ 4x —2—5 y=0in
X X

terms of Bessel’s functions, J, (x), is

(A) y(X) = C1J3/5 (2X) + C2J73/5 (ZX)
(B) Y(X) = dg35(X) + €, 30 (X)
(C) Y(X) =€ dy5(X) +C,d_5(X)

(D) y(X) = C1J3/1o (2X) + C2J73/10 (2X)

Q3 . 2s° -4
The inverse Laplace transform of > is
(s=3)(s"-s-2)

(A) (L+t)e™ + %e?’t
et
(B) 3 +te™t + 2t

(C) Ze3t _ £ _ ﬂeZt

D) -7 ————¢
() 2 6 3
Q.10 2
If X,, X, isarandom sample of size 2 from an V" (0,1) population, then M follows
17 M2
(A) 2 (B) Ry, ©) Fy (D) R,

Q11 et Z ~(0,1) be arandom variable. Then the value of E[max{Z,0}] is

1 1 1
(A) N (B) \/% © NS (D) -

Q.12  The number of non-isomorphic groups of order 10 is

MA 3/12
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QI3 et a,b,c,d be real numbers with a<c<d <bh. Consider the ring C[a,b] with pointwise
addition and multiplication. If S = { f eC[a,b]: f(x)=0forallxe[c, d]} then

(A)S is NOT an ideal of C[a,b]
(B) S is an ideal of C[a,b] but NOT a prime ideal of C[a,b]
(C) Sis aprime ideal of C[a,b] but NOT a maximal ideal of C[a,b]

(D) S is a maximal ideal of C[a,b]

Q.14 et R bearing. If R[x]is a principal ideal domain, then R is necessarily a
(A) Unique Factorization Domain
(B) Principal Ideal Domain
(C) Euclidean Domain

(D) Field

Q.15 Consider the group homomorphism ¢: M(R) — R given by ¢(A) = trace(A) . The kernel of ¢
is isomorphic to which of the following groups?

Mo (R B) R2
) M )/{AEMZ(R)ifp(A) = 0} >

(C) Rs (D) GL2(R)
Q.16 Let X be a set with at least two elements. Let T and t’ be two topologies on X such that t" # {¢@, X1

Which of the following conditions is necessary for the identity function id: (X, 1) — (X, ") to be
continuous?

ArTc B) TSt

(C) no conditions on T and 7’ D)t ntv'={¢, X}

Q.17  Let A e M3(R) be such that det(A—1) =0, where | denotes the 3x 3 identity matrix. If the
trace(A) =13 and det(A) =32, then the sum of squares of the eigenvalues of A is

Q.18 d*f _d*f
Let V denote the vector space C’[a,b] over Rand W =< f eV :F+ ZF_ f =0;.Then
(A) dim(V) =00 and dim(W) = (B) dim(V)=c and dim(W)=4
(C) dim(V)=6and dim(W)=5 (D) dim(V)=5and dim(W)=4
MA 412
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Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Let V be a real inner product space of dimension 10. Let X,y €V be non-zero vectors such that

(X, y) =0. Then the dimension of {X} N{y}" is

Consider the following linear programming problem:
Minimize X, + X,
Subject to:

2X1 + X, > 8

2X1 + 5X2 > 10

X1, X2 > 0

The optimal value to this problem is

Let

-3z if -T<x<0
f(x) = .
37 if O<x<rx

be a periodic function of period 2. The coefficient of sin 3x in the Fourier series expansion of
f(x) on the interval [—m, m]is

For the sequence of functions

1 /1
fu(x) = LzSin (E)’ x € [1, ),
consider the following quantities expressed in terms of Lebesgue integrals
I: Am!fn(x)dx Ik “mfn(x)dx.

Which of the following is TRUE?

(A) The limit in 1 does not exist
(B) The integrand in 11 is not integrable on [1, o)
(C) Quantities 1 and 11 are well-defined, but I # 11

(D) Quantities I and 11 are well-defined and | = 11

Which of the following statements about the spaces /° and LP[0,1] is TRUE?

(A) * 0" and L°[0,1] c L°[0,1]
(B) ¢*c¢" and L°[0,1] c L®[0,1]
(C) ¢" = ¢® and L6[0,1] c L°[0,1]
(D) ¢" < ¢® and L°[0,1] c L®[0,1]

The maximum modulus of eZ” on the set S = {zeC: 0<Re(z)<1, 0<Im(z)<1}is

(A) 2/e (B) e ©Ce+1 (D) e?

MA
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Q.25 Letd,, d, and d5 be metrics on a set X with at least two elements. Which of the following is NOT
a metric on X?

(A) min{d,, 2} (B) max{d,, 2}
d, d,+d,+d,
© 1+d, () 3

Q. 26 — Q. 55 carry two marks each.

Q26 LetQ={zeC : Im(z) > 0}andlet C be asmooth curve lying in Q with initial point —1 + 2i

and final point 1 + 2i. The value of I1+22 dz is
2 1l+z
@) 4-Lin24iZ ®B) -4+ SIn2+i%
2 4 2 4
(©) 4+1in2-i% @ 4-Lin24iZ
2 4 2 2

Q.27 |f g e C with |a| <1, then the value of

(1_|a|2)j dz|
4 r|z+a|2’.

where T is the simple closed curve |z| = 1 taken with the positive orientation, is

Q.28 Consider C[-1,1] equipped with the supremum norm given by
]l =sup{l f(t)|:te[-1 1]} for feC[-1, 1]. Define a linear functional T on C[-1,1]by

0 1
T(f)=_[ f(t)dt—jf(t)dt for all f eC[~11]. Then the value of |[T| is
0

-1

Q.29 Consider the vector space C[0,1] over R. Consider the following statements:

P: If the set {t f, t*f,, t3f3} is linearly independent, then the set {f,, f,, f,}is linearly

independent, where f, f,, f,eC [0,1] and t" represents the polynomial functiont ~ t", ne N
1

Q: IfF: C[0,1] — R is given by F(X) =Ix(t2)dt for each x € C[0,1], then F is a linear map.

0

Which of the above statements hold TRUE?

(A) Only P (B) Only Q (C) BothPand Q (D) Neither P nor Q

MA 6/12
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Q.30  Using the Newton-Raphson method with the initial guess x(®) = 6, the approximate value of the
real root of xlog,, X =4.77, after the second iteration, is

Q.31 Let the following discrete data be obtained from a curve y = y(x):
x: 0 025 0.5 0.75 1.0
y: 1 0.9896 0.9589 0.9089 0.8415

Let S be the solid of revolution obtained by rotating the above curve about the x-axis between
x=0and x = 1 and let V denote its volume. The approximate value of V, obtained using

. , 1 .
Simpson’s 5 rule, is

Q.32 The integral surface of the first order partial differential equation
0z 0z
2y(z-3)—+(2x-2)—=y(2x-3
y( )ax ( )ay y( )
passing through the curve x>+ y*=2x,z2=0 is

(A) X*+y*—2°-2x+42=0
(B) X*+y* -2z -2x+82=0
(C) X*+y* +12°-2x+162=0

(D) x> +y*+12°—2x+82=0

Q.33 d2%p
The boundary value problem, 2
X

+Ap=X; ¢(0)=0and ?j—¢(1) =0, is converted into the
X

§ 0<é< x

1
integral equation ¢(X) = g(x)+1jk(x,§)¢(§)d§, where the kernel k(x,$) = {x x< E<1
J ,

Then g(%) is
dy

2
If y, (x) = x is a solution to the differential equation (1— XZ)%— 2xd— +2y =0, then its
X X

Q.34

general solution is

(A) y(X)=cx+c, (x In |1+ x2|—1)

g

(C) y(X) =c,x+¢, gln |1— x2|+1j

:

MA 7112
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B X)=cXx+c,| In
(B) y(x) =cx+c, 1o x

1+x

1-x

(D) y(x)=cx+c, gln
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Q.35

Q.36

Q.37

Q.38

Q.39

2
The solution to the initial value problemc;szJr 2%+5y =3e'sint, y(0)=0 and %(0) =3,

is

(A) y(t) =e'(sint + sin 2t)
(B) y(t) =e™'(sint + sin2t)
(C) y(t) =3e'sint

(D) y(t) =3e'sint

The time to failure, in months, of light bulbs manufactured at two plants A and B obey the
exponential distribution with means 6 and 2 months respectively. Plant B produces four times as
many bulbs as plant A does. Bulbs from these plants are indistinguishable. They are mixed and sold
together. Given that a bulb purchased at random is working after 12 months, the probability that it
was manufactured at plant A is

Let X, Y be continuous random variables with joint density function
fX,Y (X' Y) = {

e’(l-e™) if 0<x<y<ow
e*(1l-e”) if O<y<x<w

The value of E[X +Y ]is

Let X =[0,2) U (,2) be the subspace of R, where R is equipped with the usual topology. Which
of the following is FALSE?

(A) There exists a non-constant continuous function f: X — @

(B) X is homeomorphic to (—0,—3)U[0, )
(C) There exists an onto continuous function f :[0,1] — X, where X is the closure of X in R

(D) There exists an onto continuous function f :[0,1] — X

2 0 -3
Let X =|3 -1 -3|. Amatrix Psuchthat P"*XP is a diagonal matrix, is
0 0 -1

1

1

1

e
o R K

111
(A) |0 1 (B)

110
11 1 -1 1
Oy 0 -1 1

1
©0 1 1
11 0 1 1 0

MA
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Q.40 Using the Gauss-Seidel iteration method with the initial guess
{xl(o) =3.5,x9 =2.25,x{¥ :1.625}, the second approximation {xl(z), X2, x;2>} for the solution
to the system of equations
2X =X, =7
=X +2X, =X, =1
—X, +2%,=1,
is

(A) x? =5.3125, x{) =4.4491, x? =2.1563
(B) x{ =5.3125, x{?) =4.3125, x{”) =2.6563
(C) x? =5.3125, x{? =4.4491, x{? =2.6563

(D) x? =5.4991, x{? =4.4491, x{*) =2.1563

Q.41 The fourth order Runge-Kutta method given by
h .
U, =U, +E[K1+2K2+2K3+K4], j=012,..,

is used to solve the initial value problem (;—l:=u , u(0) = a.

If u(l) =1 is obtained by taking the step size h =1, then the value of K, is

Q.42 A particle P of mass m moves along the cycloid x = (6 —sing) and y = (1+ cosH),
0 <6 <2m. Let g denote the acceleration due to gravity. Neglecting the frictional force, the
Lagrangian associated with the motion of the particle P is:

(A) m(1 — cos9) 82 — mg (1 + cos )
(B)ym(1 + cos6) 8% + mg (1 + cos6)
(C)ym(1 + cos ) 8% + mg (1 — cos @)
(D) m(6 —sin @) 6% — mg (1 + cos )

Q.43  Suppose that X is a population random variable with probability density function
f(x: 0) = {Hx“ if 0 <.x <1
0 otherwise,
where 6 is a parameter. In order to test the null hypothesis H,: 0 = 2, against the alternative
hypothesis H,: 6 = 3, the following test is used: Reject the null hypothesis if X; > % and accept
otherwise, where X, is a random sample of size 1 drawn from the above population. Then the
power of the testis

MA 9/12
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Q.44  Suppose that X;, X5, ..., X;, is a random sample of size n drawn from a population with probability
density function
x -X
—e? if x>0
f(x; 0) =46
0 otherwise,
where 0 is a parameter such that 8 > 0. The maximum likelihood estimator of 6 is

2% 2%
(A) = (B =
n n-1
> X 2 X,
(€)= (D) —=
2n

Q-45 y N X 2

Let F be a vector field defined on R? \ {(0,0)} by E(x, y)= IgY: —— .

Let

v, a:[0,1] = R? be defined by

y(t) = (8cos2nmt, 17sin2rmt) and a(t) = (26 cos2rmt, —10sin 2mt).

If 3IE-dF - 4IE-dF = 2mm, thenm s
a y

Q.46 Letg:R3 - R3bedefinedby g(x,y,2z) = 3y + 4z, 2x — 3z, x + 3y) and let
S={(x,y,2)ER3: 0<x<1,0<y<10<z<1}If

'”J'(Zx+ y-2z)dxdydz = aj”z dx dy dz,
then « is o °

Q47 LetT,,T,: R>— R3 be linear transformations such that rank(T;) = 3 and nullity(T,) = 3. Let
T; : R3® — R3 be a linear transformation such that 5 o T; = T,. Then rank(T;) is

Q.48 Let IF5 be the field of 3 elements and let IF; X [F5 be the vector space over F5. The number of
distinct linearly dependent sets of the form {u, v}, where u,v € F3; x F3\ {(0,0)} andu # v
is

Q.49 Let IF;,c be the field of 125 elements. The number of non-zero elements a € IF;,5 such that

a’ = ais

Q50 The value of ﬂ Xy dx dy, where R is the region in the first quadrant bounded by the curves
R

y=x% y+x=2andx=0is

MA 10/12
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Q.51 Consider the heat equation
ou 0%u
at  9x?’
with the boundary conditions u(0,t) = 0, u(m,t) = 0 for t > 0, and the initial condition

u(x,0) = sinx. Then u(g, 1) is

0<x<m, t>0,

Q.52 Consider the partial order in R? given by the relation (xy,y;) < (x,,v,) EITHER if x; < x, OR
if x; = x, and y; < y,. Then in the order topology on R? defined by the above order

(A) [0,1] x {1} is compact but [0,1] x [0,1] is NOT compact
(B) [0,1] x [0,1] is compact but [0,1] x {1} is NOT compact
(C) both [0, 1] x [0, 1] and [0,1] x {1} are compact

(D) both [0, 1] x [0, 1] and [0,1] x {1} are NOT compact.

Q.53 Consider the following linear programming problem:

Minimize: X, +X, +2X,
Subject to
X, +2X, =24

X, +7X; <5
X, —3X, +5X, =6
X, X, 20, X, is unrestricted

The dual to this problem is:

Maximize: 4y, +5Yy,+6Y,
Subject to
Y1 +Ys<1
2y1 +Y, _3y3 <1
7y, +5y,=2
and further subject to:

(A) ¥,20, y,<0 and y,is unrestricted
(B) y,20, y,>0 and vy, is unrestricted
(C) y,20, y,<0 and vy, is unrestricted

(D) y,=0, y,<0 and vy, is unrestricted

MA 11/12
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Q.54 et X =CY[0,1]. Foreach f e X, define
p(f):=sup {|f(t)|: te[0,1]}
p,(f)=sup {|f'(t)|: te[0,1]}

P, (F)=p,(f)+p,(F).
Which of the following statements is TRUE?

(A) (X, p,) isaBanach space

(B) (X, p,) is a Banach space

(C) (X, p,) is NOT a Banach space

(D) (X, p;) does NOT have denumerable basis

Q.55 If the power series Y- a,(z + 3 — i)™ converges at 5i and diverges at —3i, then the power series

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

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

END OF THE QUESTION PAPER

MA 12/12
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Section (Q. No. Key / Range | Marks Section (Q. No. Key / Range | Marks

GA 1 A 1 MA 24 B 1
GA 2 B 1 MA 25 B 1
GA 3 D 1 MA 26 A 2
GA 4 C 1 MA 27 1.99t0 2.01 2
GA 5 1300 to 1300 1 MA 28 1.991t0 2.01 2
GA 6 D 2 MA 29 B 2
GA 7 B 2 MA 30 6.07 to 6.09 2
GA 8 180to 180 2 MA 31 2.81to02.83 2
GA 9 D 2 MA 32 A 2
GA 10 B 2 MA 33 -0.29to -0.27 2
MA 1 C 1 MA 34 D 2
MA 2 0.49to0 0.51 1 MA 35 B 2
MA 3 C 1 MA 36 0.92t00.94 2
MA 4 2.2t02.22 1 MA 37 3.99t04.01 2
MA 5 0.46 t0 0.48 1 MA 38 D 2
MA 6 0.69to0 0.72 1 MA 39 A 2
MA 7 C 1 MA 40 B 2
MA 8 A 1 MA 41 1.01t0 1.03 2
MA 9 C 1 MA 42 A 2
MA 10 D 1 MA 43 0.86 t0 0.88 2
MA 11 C 1 MA 44 C 2
MA 12 1.99t0 2.01 1 MA 45 6.99to 7.01 2
MA 13 B 1 MA 46 74.99t0 75.01 2
MA 14 D 1 MA 47 1.99t0 2.01 2
MA 15 C 1 MA 48 3.99t04.01 2
MA 16 B 1 MA 49 3.99t04.01 2
MA 17 80.99 to 81.01 1 MA 50 0.36t0 0.38 2
MA 18 B 1 MA 51 0.36t0 0.38 2
MA 19 7.99 to0 8.01 1 MA 52 D 2
MA 20 4.24t0 4.26 1 MA 53 A 2
MA 21 3.99t04.01 1 MA 54 D 2
MA 22 D 1 MA 55 A 2
MA 23 B 1
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MA:MATHEMATICS

Duration: Three Hours Maximum Marks:100
Please read the following instructions carefully:

General Instructions:

1. Total duration of examination is 180 minutes (3 hours).

2. The clock will be set at the server. The countdown timer in the top right corner of screen will display
the remaining time available for you to complete the examination. When the timer reaches zero, the
examination will end by itself. You will not be required to end or submit your examination.

3. The Question Palette displayed on the right side of screen will show the status of each question using
one of the following symbols:

1 You have not visited the question yet.

You have not answered the question.

You have answered the question.

You have NOT answered the question, but have marked the
question for review.

You have answered the question, but marked it for review.

The Marked for Review status for a question simply indicates that you would like to look at that
guestion again. If a question is answered and Marked for Review, your answer for that question
will be considered in the evaluation.

Navigating to a Question

4. Toanswer a question, do the following:

a. Click on the question number in the Question Palette to go to that question directly.

b. Select an answer for a multiple choice type question. Use the virtual numeric keypad to enter
a number as answer for a numerical type question.

c. Click on Save and Next to save your answer for the current question and then go to the next
guestion.

d. Click on Mark for Review and Next to save your answer for the current question, mark it
for review, and then go to the next question.

e. Caution: Note that your answer for the current question will not be saved, if you
navigate to another question directly by clicking on its question number.

5. You can view all the questions by clicking on the Question Paper button. Note that the options for
multiple choice type questions will not be shown.

MA 1/14
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Answering a Question

6. Procedure for answering a multiple choice type question:
a. To select your answer, click on the button of one of the options
b. To deselect your chosen answer, click on the button of the chosen option again or click on the
Clear Response button
c. To change your chosen answer, click on the button of another option
To save your answer, you MUST click on the Save and Next button
e. To mark the question for review, click on the Mark for Review and Next button. If an
answer is selected for a question that is Marked for Review, that answer will be considered
in the evaluation.

e

7. Procedure for answering a numerical answer type question:
a. Toenter a number as your answer, use the virtual numerical keypad
b. A fraction (eg.,-0.3 or -.3) can be entered as an answer with or without ‘0’ before the decimal
point
c. To clear your answer, click on the Clear Response button
To save your answer, you MUST click on the Save and Next button
e. To mark the question for review, click on the Mark for Review and Next button. If an
answer is entered for a question that is Marked for Review, that answer will be considered
in the evaluation.

o

8. To change your answer to a question that has already been answered, first select that question for
answering and then follow the procedure for answering that type of question.

9. Note that ONLY Questions for which answers are saved or marked for review after answering will be
considered for evaluation.
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Paper specific instructions:

1. There are a total of 65 questions carrying 100 marks. Questions are of multiple choice type or
numerical answer type. A multiple choice type question will have four choices for the answer with
only one correct choice. For numerical answer type questions, the answer is a number and no choices
will be given. A number as the answer should be entered using the virtual keyboard on the monitor.

2. Questions Q.1 — Q.25 carry 1mark each. Questions Q.26 — Q.55 carry 2marks each. The 2marks
questions include two pairs of common data questions and two pairs of linked answer questions. The
answer to the second question of the linked answer questions depends on the answer to the first
question of the pair. If the first question in the linked pair is wrongly answered or is not attempted,
then the answer to the second question in the pair will not be evaluated.

3. Questions Q.56 — Q.65 belong to General Aptitude (GA) section and carry a total of 15 marks.
Questions Q.56 — Q.60 carry 1mark each, and questions Q.61 — Q.65 carry 2marks each.

4. Questions not attempted will result in zero mark. Wrong answers for multiple choice type questions
will result in NEGATIVE marks. For all 1 mark questions, % mark will be deducted for each wrong
answer. For all 2 marks questions, % mark will be deducted for each wrong answer. However, in the
case of the linked answer question pair, there will be negative marks only for wrong answer to the
first question and no negative marks for wrong answer to the second question. There is no negative
marking for questions of numerical answer type.

5. Calculator is allowed. Charts, graph sheets or tables are NOT allowed in the examination hall.

6. Do the rough work in the Scribble Pad provided.
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USEFUL DATA FOR MA: MATHEMATICS

Notations and Symbols used

The set of all real numbers.
The set of all integers.
The set of all complex numbers.

The set of all positive integers.

e z &5 8§ &

The set of all rational numbers.
Z,: The cyclic group of order n.
Sn:  The group of permutations of the set {1, 2, ..., n}.
Xt Transpose of the matrix X.
Re(z): Real part of the complex number z.
Im(z): Imaginary part of the complex number z.
A- Closure of the set A.
A" Interior of the set A.
(a): Ideal generated by an element a
P(E): Probability of the event E.
E[X]: Expectation of the random variable X.
Var(X): Variance of the random variable X.

log x: Natural logarithm of the positive real number x.

MA 4114
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Q. 1-Q. 25 carry one mark each.

Q.1  The possible set of eigen values of a 4 x 4 skew-symmetric orthogonal real matrix is
(A) {£i3 (B) {£i, £1} ©) {13 (D) {0, i}

Q.2 The coefficient of (z — m)? in the Taylor series expansion of
sinz
f@=z=7" 2%
-1 ifz=m

around 7 is
1 1 1 1
(A) 5 (B)—3 © < (D) —=
Q.3 Consider R? with the usual topology. Which of the following statements are TRUE for all A,B <
R2?
PAUB= A U B.
QANB=A4nB.

R:(AUB) = A°UB".
S(ANB)=A"NnB".

(A) P and R only (B) P and S only (C) Q and R only (D) Q and S only

Q4 Let f: R — R be a continuous function with f(1) = 5and f(3) = 11. If g(x) = fff(x + t)dt
then g'(0) is equal to

Q.5 LetP bea2 x 2 complex matrix such that trace(P) = 1 anddet(P) = —6. Then, trace(P* — P3) is

Q.6 Suppose that R is a unique factorization domain and that a, b € R are distinct irreducible elements.
Which of the following statements is TRUE?

(A) The ideal (1 + a) is a prime ideal

(B) The ideal {a + b) is a prime ideal

(C) The ideal (1 + ab) is a prime ideal

(D) The ideal {a) is not necessarily a maximal ideal

Q.7  Let X be a compact Hausdorff topological space and let Y be a topological space. Let f: X — Y be a
bijective continuous mapping. Which of the following is TRUE?

(A) f is aclosed mapbut not necessarily an open map
(B) f is an open map but not necessarily a closed map
(C) f is both an open map and a closed map

(D) f need not be an open map or a closed map

Q.8  Consider the linear programming problem:

Maximize 3
x + Ey
subject to 2x + 3y < 16,
x+4y <18,
x=0,y=0.
If S denotes the set of all solutions of the above problem, then
(A) S is empty (B) S is asingleton
(C) S'is a line segment (D) S has positive area
MA 5/14
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Q.9  Which of the following groups has a proper subgroup that is NOT cyclic?

(A) Zi5 X Zpy
(B) S3

©) Z+)

(D) (@ +)

Q.10 The value of the integral

(o] [ee] 1
f J (—) e /2 dydx
0 Jx Y

Q.11 Suppose the random variable U has uniform distribution on [0,1] and X = —21log U. The density of

Xis
_ e Xif x>0
(A) f0) = {O otherwise
2e %ifx >0
B =
B &) 0 otherwise
LeZifx > 0
(C) f() ={ 2€ x>
0 otherwise
_(1/2  ifx€[0,2]
(B) f(x) = { 0 otherwise
Q.12 Let f be an entire function on C such that |f(z)| < 1001log|z|for each z with|z| > 2. If f(i) = 2i,
then (1)
(A) must be 2 (B) must be 2i
(C) must be i (D) cannot be determined from the given data

Q.13  The number of group homomorphisms from Zs to Zg is

Q.14 Letu(x,t) be the solution to the wave equation

e Tl 0) = cos(5 M 0) =0
axz (xl )_ atz (x; )' u(x, )_COS( 7TX), at (xl )_ .

Then, the value of u(1,1) is

QIS et f(x) = ¥, 220 Then

n

(A) limyo f(x) =0 (B) lim,o f(x) =1
(C) lim, o f(x) =7?/6 (D) lim,_, f(x) does not exist

MA 6/14
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Q.16  Suppose X is a random variable with P(X = k) = (1 — p)*p for k € {0,1,2, ...} and some p €

(0,1). For the hypothesis testing problem
1 1
Hy:p ==Hj: -
0:p =5 Hip * >

consider the test “Reject Hy if X < A or if X > B”, whereA < B are given positive integers. The
type-1 error of this test is

(A)1+27B—-274
(B)1—28+24
(C)1+278 2741
(D)1 —27B 427471

Q.17 Let G be a group of order 231. The number of elements of order 11 in G is

Q.18 Let f: R? - R? be defined by f(x,y) = (e**?,e*™). The area of the image of the region
{(x,y) € R?:0 < x,y < 1} under the mapping f is

A) 1 (B)e—1 (C) e? (D) e —1

Q.19  Which of the following is a field?

@Y e
® "2 12
(C) Q[x]/<x2 3 2)

© R/ ey

Q.20 Letx, = 0. Define x,,,1 = cos x,, for everyn > 0. Then

(A) {x,} is increasing and convergent

(B) {x, } is decreasing and convergent

(C) {x,} is convergent and x,, < lim,, e X;;, < X2,41 fOreveryn € N
(D) {x,} is not convergent

Q.21 Let C be the contour |z| = 2 oriented in the anti-clockwise direction. The value of the integral
fﬁc ze3/% dz is

(A) 3mi (B) 5mi (C) 7mi (D) 9mi

Q.22 Foreach A > 0, let X; be a random variable with exponential density e ~** on(0, ). Then,
Var(log X;)

(A) is strictly increasing in A

(B) is strictly decreasing in A

(C) does not depend on A

(D) first increases and then decreases in A

MA 7114
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Q.23 Let {a,} be the sequence of consecutive positive solutions of the equation tanx = x and let {b,,}
be the sequence of consecutive positive solutions of the equationtanv/x = x. Then

(A) Xr=1 L converges but .77 L diverges  (B) Xm=1 L diverges but Y7 L converges
an by an by,
(C) Both 774 % and Z;‘{’zli converge (D) Both }:7°_4 % and Yo—q % diverge

Q.24 Let f be an analytic function onD = {z € C: |z| < 1}. Assume that |f(2)| < 1 for each z € D.
Then, which of the following is NOT a possible value of(e/) (0)?

(A) 2 (B) 6 (©) ze/? (D) V2 + iv2Z

Q.25 The number of non-isomorphic abelian groups of order 24 is

Q. 26 to Q. 55 carry two marks each.

Q.26 LetV be the real vector space of all polynomials in one variable with real coefficients and having
degree at most 20. Define the subspaces

W1={p€V=p(1)=0, p(%)=0. p(5) =0, p(7)=0},

w=fpevip(3)=0  p® =0 p®=0, p7 =0l

Then the dimension of W; N W, is

Q.27 Letf,g:[0,1] — R be defined by

1
f(x) = ix ifx = Zforn EN
0 otherwise
and
1ifxeQnl0,1]
0 otherwise.

glx) = {
Then
(A) Both f and g are Riemann integrable
(B) f is Riemann integrable and g is Lebesgue integrable

(C) g is Riemann integrable and f is Lebesgue integrable
(D) Neither f nor g is Riemann integrable

Q.28 Consider the following linear programming problem:

Maximize x+3y+6z—w

subject to S5x +y+6z+7w < 20,
6x + 2y + 2z + 9w < 40,
x>0 vy=202z=20 w=0.

Then the optimal value is

Q.29 Suppose X is a real-valued random variable. Which of the following values CANNOTbe attained
by E[X] and E[X?], respectively?

(A)Oand 1 (B)2and 3 (C) 2and? (D) 2and 5
2203
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Q.30  Which of the following subsets of R? is NOT compact?
(A) {(x,y) ER?: -1 <x <1, y =sinx}

B) () ER?: 1<y <1, y=x"—x*—1)
(©) {(x,y) €ER?: y =0, sin(e™¥) = 0}
(1 )
(D){(x,y) ER?>: x>0, y= Sln(;)}ﬂ{(x,y) ERZ: x>0, y= ;}
Q.31  Let Mbe the real vector space of 2 x 3 matrices with real entries. Let T: M — M be defined by

T([xl X2 x3])_[_x6 X4 xl]
X4 X5 Xel)  Lx3 X5 x3I

The determinant of T is

Q.32 LetH be a Hilbert space and let {e,, : n > 1} be an orthonormal basis of £. Suppose T: H - H
is a bounded linear operator. Which of the following CANNOT be true?

(A)T(e,) =e  foralln =1
B)T(e,) =e ;g foralln>1

(C) T(e,) = /"nien foralln > 1

(D)T(e,) =e,_qforalln=2andT(e;) =0

Q.33 The value of the limit

2

2—7’1
lim —
n—ew ZI;.Ozn+1 2—k2
is
A0 (B) some c € (0,1) ©) 1 (D) o
Q.34 Let f: C\{3i} —» C be defined by f(z) = ;:3 . Which of the following statements about f is

FALSE?

(A) f is conformal on C\{3i}

(B) f maps circles in C\{3i} onto circles in C

(C) All the fixed points of f are in the region {z € C : Im(z) > 0}

(D) There is no straight line in C\{3i} which is mapped onto a straight line in C by f

Q.35 1 2 0
Thematrix A = |1 3 1| can be decomposed uniquely into the product A = LU, where
0 1 3
1 0 O Ur Uz U3
L=|l;;7 1 OlandU=]| 0 up up3|. ThesolutionofthesystemLX = [1 2 2]%is
131 l32 1 0 0 Uss
A1 1 1] B)[1 1 o] © [0 1 1] D) [1 o 1]
MA 9/14
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Q36 |ets= xER:x=>0, X2 xV" < !, Then the supremum of S is
n=1 p

(A) 1 ®)* (©) 0 (D)

Q.37 The image of the region {z € C: Re(z) > Im(z) > 0} under the mapping z ~ e?’ is
(A){w € C: Re(w) > 0, Im(w) > 0} B){w € C: Re(w) > 0,Im(w) >0, |w| > 1}

OCfwecC: |w|>1} DO){weC: Im(w)>0,|w|>1}

Q.38 Which of the following groups contains a unique normal subgroup of order four?

(A) Z, ®PZ, (B) The dihedral group, D,, of order eight
(C) The quaternion group, Qg (D) Z,®87Z,®7Z,

Q.39 Let B be a real symmetric positive-definite n X n matrix. Consider the inner product on R" defined
by (X,Y) = Y!BX. Let A be an n x n real matrix and let T: R™ — R™ be the linear operator defined
by T(X) = AX for all X € R™. If S is the adjoint of T,then S(X) = CX for all X € R™,where C is
the matrix

(A) B1A'B (B) BA'B~! (C) B~'AB (D) At

Q.40 Let X be an arbitrary random variable that takes values in{0, 1, ..., 10}. The minimum and
maximum possible values of the variance of X are

(A)O0and 30 (B) 1and 30 (C) Oand 25 (D) 1and 25

Q.41 Let M be the space of all4 x 3 matrices with entries in the finite field of three elements. Then the
number of matrices of rank three in M is

(A) (3*=3)(3* —3%)(3* -3
(B) 3* —1)(3* - 2)(3* - 3)
(©) (3" -1 -3)(3*-3%)
(D) 3*(3* - D" -2)

Q.42 LetV be a vector space of dimensionm > 2. Let T: V — V be a linear transformation such that
Tl = 0 and T" # 0 for some n > 1. Then which of the following is necessarily TRUE?

(A) Rank (T™) < Nullity (T™) (B) trace (T) # 0
(C) T isdiagonalizable (D) n=m

Q.43 Let X be a convex region in the plane bounded by straight lines. Let X have 7 vertices.
Supposef (x,y) = ax + by + ¢ has maximum valueM and minimum valueN on X and N < M. Let
S={P: PisavertexofX and N < f(P) < M}. If S has n elements, then which of the following
statements is TRUE?

(A) n cannot be 5 (Byncanbe?2
(C) n cannot be 3 (D) ncan be 4
Q.44  Which of the following statements are TRUE?

P: If f € L1(R), then f is continuous.

Q: If f € LY(R) and lim, e f(x) exists, then the limit is zero.

R: If f € L1(R), then f is bounded.

S: If £ € L1(R) is uniformly continuous, then limj, |, f (x) exists and equals zero.

(A) Qand S only (B) P and R only (C) Pand Q only (D) R and S only

MA 10/14
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Q.45 Let u be a real valued harmonic function on C. Let g: R? — R be defined by
21

gxy) = j u(e (x + iy)) sin6 do.
0
Which of the following statements is TRUE?

(A) g is a harmonic polynomial

(B) g is a polynomial but not harmonic
(C) g is harmonic but not a polynomial
(D) g is neither harmonic nor a polynomial

Q.46 LetS ={zeC: |z| =1} withthe induced topology from C and let f: [0,2] — S be defined
as f(t) = e?™t_Then, which of the following is TRUE?

(A) Kisclosedin[0,2] = f(K)isclosedinS
(B) Uisopenin[0,2] = f(U)isopenins$
(C) f(X)isclosedinS = X isclosed in [0,2]
(D) f(Y)isopeninS = Y isopenin[0,2]

Q.47  Assume that all the zeros of the polynomial a, x™ + a,,_1x" ! + --- + a; x + a, have negative real
parts. If u(t) is any solution to the ordinary differential equation

d*u dr 1y du
anm+an_1m+ R alE+a0u = 0,
then lim, ., u(t) is equal to
A0 B) 1 C)n-1 (D) o

Common Data Questions
Common Data for Questions 48 and 49:

Let ¢ be the vector space of all complex sequences having finitely many non-zero terms. Equip cyq with
the inner product (x, y) = Yn—1 X, ¥, forall x = (x,) and y = (y,) incqg. Define f:co9 = Chy f(x) =
Yw=17" . Let N be the kernel of f.

Q.48  Which of the following is FALSE?

(A) f is a continuous linear functional
V[
® Il <%

(C) There does not exist any y € cqq such that f(x) = (x,y) forall x € cyq
(D) N+ # {0}

Q.49  Which of the following is FALSE?

(A) COO * N

(B) N is closed

(C) cqo is not a complete inner product space
(D) coo =N @ N+
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Common Data for Questions 50 and 51:

Let Xy, X,, ..., X, be ani.i.d. random sample from exponential distribution with mean w. In other words,
they have density

1
Ze *Hifx > 0

flx) = u

0 otherwise.

Q.50 Which of the following is NOT an unbiased estimate of u?

(A) Xy

(B) = (X + X5 + -+ X,)
(C)n - (min{Xy, Xy, ..., X, })
(D) %max{Xl,Xz, v, Xn }

Q.51 Consider the problem of estimating . The m.s.e (mean square error) of the estimate

X1 +X2++Xn
n+1

TX) =
is
1

A) u? 12 2 n?
Ak B) n ©) Gk () G’

Linked Answer Questions
Statement for Linked Answer Questions 52 and 53:

LetX = {(x,y) € R%: x? + y2 = 1} U ([-1,1] x {0}) U ({0} x [-1,1]).
Let ny = max{k : k < oo, there are k distinct points py, ..., p, € X such that X \ {py, ..., p } is connected}

Q.52 The value of ny is

Q53 Letqy, ..., qn,+1 bE Ny + 1 distinct points and Y = X \ {qy, ..., Gn,+1}. Let m be the number of
connected components of Y. The maximum possible value of m is

Statement for Linked Answer Questions 54 and 55:

Let W (v, v,) be the Wrénskian of two linearly independent solutionsy; and y, of the equationy” +
P(x)y +Q(x)y =0.

Q.54 The product W (yy,y,)P(x) equals

(A) y201 — 13 (B) y1¥5 — Y21

oo oo moon

©) y1y2 —yay1 (D) y251 — ¥1 ¥

Q.55 Ify, = e?* and y, = xe?*, then the value of P(0) is
(A) 4 (B) —4 (€ 2 (D) -2
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General Aptitude (GA) Questions

Q. 56 — Q. 60 carry one mark each.

Q.56 A number is as much greater than 75 as it is smaller than 117. The number is:

(A) 91 (B) 93 (C) 89 (D) 96
Q.57 The professor ordered to the students to go out of the class.
| | 1l v
Which of the above underlined parts of the sentence is grammatically incorrect?
(A) | |)1 (C) I (D) IV

Q.58 Which of the following options is the closest in meaning to the word given below:

Primeval

(A) Modern (B) Historic
(C) Primitive (D) Antique

Q.59  Friendship, no matter how it is, has its limitations.
(A) cordial

(B) intimate
(C) secret
(D) pleasant

Q.60 Select the pair that best expresses a relationship similar to that expressed in the pair:
Medicine: Health

(A) Science: Experiment (B) Wealth: Peace
(C) Education: Knowledge (D) Money: Happiness

Q. 61 to Q. 65 carry two marks each.

Q.61 Xand Y are two positive real numbers such that 2X +Y < 6 and X + 2Y < 8. For which of the
following values of (X, Y) the function f(X,Y) = 3X + 6Y will give maximum value?

(A) (413, 10/3)
(B) (8/3, 20/3)
(C) (8/3, 10/3)
(D) (4/3, 20/3)

Q.62 If |[4X — 7| = 5 then the values of 2 | X| — | — X] is:
(A) 2,1/3 (B) 1/2, 3 (C) 3/2,9 (D) 2/3,9
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Q.63 Following table provides figures (in rupees) on annual expenditure of a firm for two years - 2010

and 2011.

Category 2010 2011
Raw material 5200 6240
Power & fuel 7000 9450
Salary & wages 9000 | 12600
Plant & machinery 20000 | 25000
Advertising 15000 | 19500
Research & Development | 22000 | 26400

In 2011, which of the following two categories have registered increase by same percentage?

(A) Raw material and Salary & wages
(B) Salary & wages and Advertising
(C) Power & fuel and Advertising
(D) Raw material and Research & Development
Q.64 A firm is selling its product at Rs. 60 per unit. The total cost of production is Rs. 100 and firm is

earning total profit of Rs. 500. Later, the total cost increased by 30%. By what percentage the price
should be increased to maintained the same profit level.

(A) 5 (B) 10 (€) 15 (D) 30

Q.65 Abhishek is elder to Savar.
Savar is younger to Anshul.

Which of the given conclusions is logically valid and is inferred from the above
statements?

(A) Abhishek is elder to Anshul
(B) Anshul is elder to Abhishek
(C) Abhishek and Anshul are of the same age

(D) No conclusion follows

END OF THE QUESTION PAPER
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Read the following instructions carefully.

1. Do not open the seal of the Question Booklet until you are asked to do so by the invigilator.

2. Take out the Optical Response Sheet (ORS) from this Question Booklet without breaking the seal
and read the instructions printed on the ORS carefully.

3. On the right half of the ORS, using ONLY a black ink ball point pen, (i) darken the bubble
corresponding to your test paper code and the appropriate bubble under each digit of your registration
number and (ii) write your registration number, your name and name of the examination centre and
put your signature at the specified location.

4. This Question Booklet contains 20 pages including blank pages for rough work. After you are
permitted to open the seal, please check all pages and report discrepancies, if any, to the invigilator.

5. There are a total of 65 questions carrying 100 marks. All these questions are of objective type. Each
question has only one correct answer. Questions must be answered on the left hand side of the ORS
by darkening the appropriate bubble (marked A, B, C, D) using ONLY a black ink ball point pen
against the question number. For each question darken the bubble of the correct answer. More
than one answer bubbled against a question will be treated as an incorrect response.

6. Since bubbles darkened by the black ink ball point pen cannot be erased, candidates should darken
the bubbles in the ORS very carefully.

7. Questions Q.1 — Q.25 carry 1 mark each. Questions Q.26 — Q.55 carry 2 marks each. The 2 marks
questions include two pairs of common data questions and two pairs of linked answer questions. The
answer to the second question of the linked answer questions depends on the answer to the first
question of the pair. If the first question in the linked pair is wrongly answered or is unattempted, then
the answer to the second question in the pair will not be evaluated.

8. Questions Q.56 — Q.65 belong to General Aptitude (GA) section and carry a total of 15 marks.
Questions Q.56 — Q.60 carry 1 mark each, and questions Q.61 — Q.65 carry 2 marks each.

9. Unattempted questions will result in zero mark and wrong answers will result in NEGATIVE marks.
For all 1 mark questions, % mark will be deducted for each wrong answer. For all 2 marks questions,
% mark will be deducted for each wrong answer. However, in the case of the linked answer question
pair, there will be negative marks only for wrong answer to the first question and no negative marks
for wrong answer to the second question.

10. Calculator is allowed whereas charts, graph sheets or tables are NOT allowed in the examination hall.

11. Rough work can be done on the question paper itself. Blank pages are provided at the end of the
guestion paper for rough work.

12. Before the start of the examination, write your name and registration number in the space provided
below using a black ink ball point pen.
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Notations and Symbols used

R : Set of all real numbers
C : Set of all complex numbers
L : Set of all integers
F . Afield
o : The set of all n-tuples of complex numbers
F" : The set of all n-tuples over F
R xR, x..xR, : Cartesian product of rings R, R,,..., R,
D, f(x,y) : Partial derivative with respect to x.
N (u, %) : Normal distribution with mean  and variance o
E(X) : Expectation of X
Cov(X,Y) : Covariance between X and Y
Sn : The group of all permutations on n symbols
P : The set of all polynomials of degree at most n
Cn : Cyclic Group of Order n
Z(G) : Centre of the Group G
i=v-1
MA 2120
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Q. 1-Q. 25 carry one mark each.

Q.1  The straight lines L :x=0, L,:y=0 and L,:x+y=1 are mapped by the transformation

w=z%into the curves C,, C,and C, respectively. The angle of intersection between the curves at
w=0is

(A) 0 (B) x/4 (C) 72 (D) 7

Q.2  Inatopological space, which of the following statements is NOT always true :

(A) Union of any finite family of compact sets is compact.

(B) Union of any family of closed sets is closed.

(C) Union of any family of connected sets having a hon empty intersection is connected.
(D) Union of any family of dense subsets is dense.

Q.3 Consider the following statements:

P: The family of subsets {Ah =(—l, 1} n=12, } satisfies the finite intersection property.
n n

Q: On an infinite set X , ametric d : X x X — R is defined as d (X, y) :{f ;:; :
The metric space (X,d) is compact.

R: In a Frechet (T,) topological space, every finite set is closed.

S: If f:R— X iscontinuous, where R is given the usual topology and (X, 7) is a Hausdorff
(T,) space, then f is a one-one function.

Which of the above statements are correct?

(A) PandR (B) PandS (C) Rand S (D) Qand S

Q.4  Let H be aHilbert space and S* denote the orthogonal complement of a set S — H . Which of
the following is INCORRECT?

(A) For S,S, <H;S,cS, =S, S, (B) Sc (SY)*
() {0} =H (D) S* is always closed.

Q.5 Let H be acomplex Hilbert space, T :H — H be a bounded linear operator and let T * denote
the adjoint of T . Which of the following statements are always TRUE?

P: WX, yeH, (T, y)=(x,T*y) Q: WX,y e H,(x,Ty)=(T *x,y)
R: VX, y e H, (X, Ty)=(x,T*y) S: WX,y e H,(TX,Ty)=(T*x,T*y)
(A) Pand Q (B) PandR (C) Qand S (D) Pand S

Q6 Let X ={a,b,c} and let I={¢,{a}.{b}.{a,b}, X} be a topology defined on X . Then which of
the following statements are TRUE?

P: (X,3) is a Hausdorff space. Q: (X,3) isaregular space.
R: (X,3) isanormal space. S: (X,3) isaconnected space.
(A) Pand Q (B) Qand R (C) Rand S (D) Pand S
MA 3120
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Q.7

Q.8

Q.9

Q.10

Consider the statements
P: If X isanormed linear space and M < X is a subspace, then the closure M is also a subspace

of X.
Q: If X isa Banach space and an is an absolutely convergent series in X , then an is

convergent.
R: Let M, and M, be subspaces of an inner product space such that M, "M, ={0}.Then
. 2 2 2
vm €My, m, e My my -+ m |7 =m, [+ m, "
S:Let f:X —Y be a linear transformation from the Banach Space X into the Banach space Y .

If f iscontinuous, then the graph of f is always compact.
The correct statements amongst the above are:

(A) PandR only (B) QandR only (C) Pand Q only (D) R and S only

A continuous random variable X has the probability density function

3 -«

—e5, x>0
f(x)=15
0, x<0.
The probability density function of Y =3X +2is
1 -20-2) 2 -2y-2)
= , >2 —e 5 , > 2
@ f(y)=15 y B) f(y)=15 J
0, y<2 0, y<2
3 -lu-2 4 -Ly-2)
— , >2 —-e 5 >2
© f(y)=15 y © f(y)=15 y
0, y<?2 0, y<2

A simple random sample of size 10 from N(z, o) gives 98% confidence interval (20.49, 23.51).
Then the null hypothesis H,: £=20.5 against H, : xz# 20.5

(A) can be rejected at 2% level of significance

(B) cannot be rejected at 5% level of significance

(C) can be rejected at 10% level of significance
(D) cannot be rejected at any level of significance

For the linear programming problem
Maximize Z =X +2X,+3X, —4X,
Subject to 2X +3X, — X, — X, =15
6X + X, + X, —3%X,=21
8%, +2X, +3%;, —4x, =30
X X, X5, X, 20,
X, =4, %=3 %=0,X,=21is
(A) an optimal solution
(B) a degenerate basic feasible solution

(C) anon-degenerate basic feasible solution
(D) anon-basic feasible solution

MA
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Q.11  Which one of the following statements is TRUE?

(A) A convex set cannot have infinite many extreme points.

(B) A linear programming problem can have infinite many extreme points.

(C) A linear programming problem can have exactly two different optimal solutions.
(D) A linear programming problem can have a non-basic optimal solution.

Q.12 Let a=€*""*and the matrix
1a a® & o]
Oa o’ a* o
M=1[00a®a® a'
000 o at
_0 00 0 < |

Then the trace of the matrix | + M +M? is
(A) -5 B) 0 € 3 (D) 5

Q.13 Let V = C° be the vector space over the field of complex numbers and B={(L i), (i,1)}be a given
ordered basis of V. Then for which of the following, B*={f,, f,}is a dual basis of B over C?

B 1@ 2)= @iz), h5n)=5 @ i)
®) f22)=5 @), hinz)=(a+2)
© fl(zl,zz)zé(zl—izz), fz(zl,zz)zé(—iz#zz)

1 . 1,.
(D) fl(Zl, ZZ)=§(21 + Izz) J fZ(Zl, ZZ)ZE(_Izl - 22)
Q.14 LetR =1ZxZxZ and | = ZxZx{0%}. Then which of the following statement is correct?

(A) 1 isamaximal ideal but not a prime ideal of R .

(B) | isaprime ideal but not a maximal ideal of R.

(C) | isboth maximal ideal as well as a prime ideal of R.
(D) 1 is neither a maximal ideal nor a prime ideal of R.

Q.15 The function u(r,d) satisfying the Laplace equation
ou 1lou 1 &u

et T
or° ror r°oé

subject to the conditions u(e,&)=1, u(e®,8)=0 is

0, e<r<e’

jsin n@

2
e—e?

(A) In(e/r) (B) In(e/r?) (©) In(e*/r) ©) Z;(r_e

Q.16  The functional

1

[(y?+(y+2y)y"+kgy'+y*)dx, y(0)=0,y(1) =1 y'(0)=2,y'(1) =3
0
is path independent if k equals

(A1 (B) 2 (€) 3 (D) 4
MA 5/20
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Q.17 If atransformation y =uv transforms the given differential equation

f(X)y"—41'(X)y'+g(x)y =0 into the equation of the form v"+h(x)v =0, then u must be

(A) 1/ 2 (B) xf (C) 1/2f (D) f?

Q.18 The expression ﬁsin(x— y) is equal to

X y
(A) —gcos(x—y) (B) —gsin(x—y)+cos(x—y)
© —g cos(X—y)+sin(x—y) (D) 3—2Xsin(x -Y)

Q.19 The function @(X) satisfying the integral equation

X2

X ‘e X
!e #E)dE = =

is
2 2 2 2

X X
A = (B) x+= © x-= ©) 1+

Q.20 Given the data:

X 1 2 3 4 5
y 1 2 | 3| 4 5

If the derivative of y(X)is approximated as: y’(xk)z%(Ayk +%A2yk —%A?’yk) , then the value
of y'(2) is
(A) 4 (B) 8 (C) 12 (D) 16

100
Q21 If A=|1 0 1/, then AYis
010

(1 0 0] (1 0 0]
(A)|50 1 0 ®)[48 1 0
50 0 1] 48 0 1]
(1 0 0] (1 0 0]
©1[25 1 0 D)|24 1 0
125 0 1] 24 0 1]

Q.22 If y=>) c,x"™ isassumed to be a solution of the differential equation
m=0
X2y" —xy' —3(1+x?)y=0,
then the values of r are

(A) 1and 3 (B) -1and 3 (C) 1and -3 (D) -1 and -3
MA 6/20
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Q.23  Let the linear transformation T :F? — F° be defined by T(x,X,) = (X, % +X,,X,) . Then the

nullity of T is
(A) O B) 1 C) 2 (D) 3
Q.24  The approximate eigenvalue of the matrix
-15 4 3
A= 10 -12 6
20 -4 2
obtained after two iterations of Power method, with the initial vector [1 1 1]T ,is
(A) 7.768 (B) 9.468 (C) 10.548 (D) 19.468
Q.25 The root of the equation xe* =1 between 0 and 1, obtained by using two iterations of bisection
method, is
(A) 0.25 (B) 0.50 (C) 0.75 (D) 0.65

Q. 26 to Q. 55 carry two marks each.

2
Q26 et J'{( 12)4 _(@-2) +4} dz = 4, where the close curve C is the triangle having vertices at
2 (z- z

i, (ﬁj and [b] , the integral being taken in anti-clockwise direction. Then one value of
2 2
ais

(A) 1+i (B) 2+I (C) 3+i (D) 4+i

Q.27  The Lebesgue measure of the set Az{O <x<1: xsin (ZE] > O} is
X

(A) 0 (B) 1 (C) In2 (D) 1-In2
Q.28 Which of the following statements are TRUE?
P: Theset {x e R:|cosx| < %} is compact.

Q: The set {Xx € R:tan x isnot differentiable} is complete.

o 1\Ny2n+l
R:Theset{XeR:Z%
= (2n+1)!

S:Theset {xeR:f(x)=cosx has a local maxima} is closed.

isconvergent} is bounded.

(A) Pand Q (B) Rand S (C) Qand S (D) Pand S
Q.29 If arandom variable X assumes only positive integral values, with the probability
x-1
P(X :x):z(l] ,Xx=12,3,...,
3\3
then E(X) is

(A) 2/9 (B) 2/3 ©) 1 (D) 3/2
MA 7/20
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Q.30 The probability density function of the random variable X is

1 —Xx/A

—e , x>0
f(xX)=<2

0, X <0,

where A > 0. For testing the hypothesis H, :4 =3 against H, :4 =5, a test is given as “Reject
H, if X >4.5”. The probability of type I error and power of this test are, respectively,

(A) 0.1353 and 0.4966 (B) 0.1827 and 0.379
(C) 0.2021 and 0.4493 (D) 0.2231 and 0.4066

Q.31 The order of the smallest possible non trivial group containing elements x and y such that
x'=y*=eand yx=x'y is

(A) 1 B) 2 (S (D) 14
Q.32 The number of 5-Sylow subgroup(s) in a group of order 45 is
(A) 1 (B) 2 (O (D) 4
Q.33 The solution of the initial value problem
y"+2y'+10y=6 o6(t), y(0)=0, y'(0)=0,

where S(t) denotes the Dirac-delta function, is

(A) 2e'sin3t (B) 6e'sin3t (C) 2e'sin3t (D) 6e'sin3t
0 i 0
Q.34 Let a):cosz—”+isin2—”, M= , N= @ ,| and G=(M,N) be the group
3 3 1 0 0 w

generated by the matrices M and N under matrix multiplication. Then

(A) G/Z(G)=C, = (B) G/Z(G)=S, (C) G/Z(G)=C, (D) G/Z(G)=C,

Q.35 The flux of the vector field G =xi + yj + zK flowing out through the surface of the ellipsoid
2 2 2

—2+y—2+z—2:1, a>b>c>0,
a- b® ¢
is
(A) mabc (B) 2zabc (C) 3rabc (D) 4rabc

. o . . . z z .
Q.36  The integral surface satisfying the partial differential equation g— +7° %: 0 and passing through
X
the straight line x=1,y=12 is

(A (x-Dz+2°=y* (B) x**+y*—z°=1
(C) (y—2)x+x*=1 (D) (x-Dz*+z=y

MA 8/20
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Q.37 The diffusion equation

%:a&t—u, u=u(xt), u(0,t)=0=u(r,t), u(x,0)=cosxsin5x
admits the solution

— 36t ] ) — 36t ) )
A = [ sin6x+e™ sin4x | ® = [ sin4x+¢e™ sin6x |
(€) e [sin3x+e15‘sin5x] (D) e [sin5x+e2°‘sinx]

2 2

Q.38 Let f(x) and xf(x) be the particular solutions of a differential equation
y"+R(X)y'+S(x)y=0.
Then the solution of the differential equation y"+R(X)y +S(X)y= f(X) is

(A) y:(—§+ax+ﬂjf(x) (B) y:[x—22+ax+,8jf(x)

©) y=(x+ax+p)f(x) (D) y=0C +ax+p)f(x)
Q.39 Let the Legendre equation (1—x?)y"—2xy’+n(n+1)y =0 have n™ degree polynomial solution

1
y.(X) suchthat y (1)=3.If j(yf(x)+ yfl(x))dx:% ,then n is
)

(A) 1 (B) 2 (€) 3 (D) 4

Q.40  The maximum value of the function f (X, Y, zZ) = Xyz subject to the constraint
Xy+yz+zx—a=0,a>0is

3

(A) a? (B) (a/3)** ©) (3/a)** (D) (3a/2)**

1
Q.41  The functional I(y'z +4y° +8yex)dx, y(0) = —%, y@) =- % POSSESSES :
0

X X

(A) strong minimaon y =— %e (B) strong minimaon y =— ge

X X

(C) weak maximaon y =— %e (D) strong maximaon y =— ge

Q.42 A particle of mass m is constrained to move on a circle with radius a which itself is rotating about
its vertical diameter with a constant angular velocity @ . Assume that the initial angular velocity is
zero and g is the acceleration due to gravity. If @ be the inclination of the radius vector of the

particle with the axis of rotation and @ denotes the derivative of & with respect to t, then the
Lagrangian of this system is

(A) %maz(@'2 +®’ sin? @) + mgacos 6 (B) %ma2 (6% +2wsin @) —mgasin @

(©) %ma2 (6% + 20 cos @) —mgasin 6 (D) %ma2 (6% + wsin 20) + mgasin 6

MA 9/20
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Q.43

Q.44

Q.45

Q.46

For the matrix
2 3+2i -4
M=|3-2i 5 6i |,
-4 61 3
which of the following statements are correct?

P: M is skew-Hermitian and iM is Hermitian
Q : Mis Hermitian and iM is skew Hermitian
R : eigenvalues of M are real
S : eigenvalues of iM are real

(A) PandR only (B) QandR only (C) Pand S only (D) QandS only

Let T:P, > P, be the map given by T(p(x))=f p'(t)dt. If the matrix of T relative to the
1

standard bases B, = B, :{1, X, X%, x3} is M and M/ denotes the transpose of the matrix M , then
M+M'is
[0 -1 -1 -1 -1 0 0 2
-1 2 0 O 0 -1 1 0
(B)
0 2 0 0 1 -1 0
0 0 2 2 0 2 -1

(A)

(2 0 0 -1 0 2 2 2

02 1 0 2 -1 0 0
(D)

01 2 -1 2 0 -1 0

-1 0 -1 0 2 0 0 -1

©

Using Euler’s method taking step size = 0.1, the approximate value of y obtained corresponding to

x =0.2 for the initial value problem % =x*+y?and y(0) =1, is
X

(A) 1.322 (B) 1.122 (C) 1.222 (D) 1.110

The following table gives the unit transportation costs, the supply at each origin and the demand of
each destination for a transportation problem.
Destination

[GATE Maths 2023-2010]

O,
Origin O,
O3

Demand

D,

D,

Ds

D4

Supply

3

4

8

7

60

7

3

7

6

80

3

9

3

4

100

40

70 50

80

Let X; denote the number of units to be transported from origin i to destination j. If the u-v method
is applied to improve the basic feasible solution given by X,= 60, X,,= 10, X,= 50, X,, = 20,
X3, =40 and X,, = 60, then the variables entering and leaving the basis, respectively, are

(A) X, and Xy, (B) X and X (C) X, and X, (D) X33 and X,

MA 10/20
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Q.47 Consider the system of equations
5 -1 1| x 10
2 4 0||lyl=|12].
1 1 5|z -1

.
Using Jacobi’s method with the initial guess [X(O) y© Z(O):' =[2.0 3.0 O.O]T, the

. . T o
approximate solution [x(z) y@ 2(2)] after two iterations, is

(A) [264 -170 -1.12]
(B) [264 -170 1.12]'
©) [264 170 -112]'
(D) [264 170 1.12]

Common Data Questions
Common Data for Questions 48 and 49:

The optimal table for the primal linear programming problem:
Maximize Z =6X% +12x, +12x, —6X,

Subject to X+ X+ X =4
X, + 4X, +X, =8
Xi X, X5y X, 20,
is
Basic variables ( Xg) X, X, X, X, RHS Constants (b)
X, 3/4 0 1 -1/4 2
X, 1/4 1 0 1/4 2
Z; —C; 6 0 0 6 z=148

Q.48 If y, and y, are the dual variables corresponding to the first and second primal constraints, then
their values in the optimal solution of the dual problem are, respectively,

(A) Oand 6 (B) 12and 0 (C) 6and 3 (D) 4and 4

Q.49 If the right hand side of the second constraint is changed from 8 to 20, then in the optimal solution
of the primal problem, the basic variables will be

(A) X, and X, (B) X, and X, (C) X, and X, (D) X, and X,

MA 11/20
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Common Data for Questions 50 and 51:

1
Consider the Fredholm integral equation u(x) = X+ J,J. xe'u(t) dt.

Q.50  The resolvent kernel R(X,t;A) for this integral equation is
xe' Axe' xe'
B

C
1-2 1+ 1 ©

Q.51 The solution of this integral equation is

x+1 X X
(A) (B)l_/12 (C)1+/12

Linked Answer Questions

Statement for Linked Answer Questions 52 and 53:

xXe
1-22

(D)

(D) )

The joint probability density function of two random variables X and Y is given as

- 0<x<10<y<1
f(xyy.s( y°), y

0, elsewhere

Q.52 E(X) and E(Y) are, respectively,

2

3 3 3
A) —and = B) —and =
()5 c ()5 c

Q.53 Cov(X,Y) is
(A) -0.01 B) 0 (C) 0.01

Statement for Linked Answer Questions 54 and 55:

Consider the functions f(z) —ﬂ
(z+1)°

Q.54 The residue of f(z) atits pole is equal to 1. Then the value of & is

(A) -1 (B) 1 (€) 2

3 6
C) —and —
()5 z

and g(z) = smh(z——) a#0.

4 6
D) —and —
()5 c

(D) 0.02

(D) 3

Q.55 For the value of & obtained in Q.54, the function g(z) is not conformal at a point

2(L+3i) @ G+ o &

W = 6 3

iz
(D) e}

MA
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General Aptitude (GA) Questions (Compulsory)
Q. 56 — Q. 60 carry one mark each.

Q.56 Choose the most appropriate word from the options given below to complete the following
sentence:

Given the seriousness of the situation that he had to face, his__ was impressive.
(A) beggary (B) nomenclature (C) jealousy (D) nonchalance
Q.57 Choose the most appropriate alternative from the options given below to complete the following
sentence:
If the tired soldier wanted to lie down, he ___ the mattress out on the balcony.

(A) should take
(B) shall take
(C) should have taken
(D) will have taken
Q.58 If (1.001)'®° = 3.52 and (1.001)*% = 7.85, then (1.001)*# =
(A) 2.23 (B) 4.33 (C) 11.37 (D) 27.64
Q.59 One of the parts (A, B, C, D) in the sentence given below contains an ERROR. Which one of the
following is INCORRECT?
I requested that he should be given the driving test today instead of tomorrow.

(A) requested that

(B) should be given

(C) the driving test

(D) instead of tomorrow

Q.60  Which one of the following options is the closest in meaning to the word given below?

Latitude
(A) Eligibility (B) Freedom (C) Coercion (D) Meticulousness

Q. 61 - Q. 65 carry two marks each.

Q.61 There are eight bags of rice looking alike, seven of which have equal weight and one is slightly
heavier. The weighing balance is of unlimited capacity. Using this balance, the minimum number
of weighings required to identify the heavier bag is

(A) 2 (B) 3 (C) 4 (D) 8

Q.62 Raju has 14 currency notes in his pocket consisting of only Rs. 20 notes and Rs. 10 notes. The total
money value of the notes is Rs. 230. The number of Rs. 10 notes that Raju has is
(A) 5 (B) 6 ©) 9 (D) 10

MA 13/20
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Q.63  One of the legacies of the Roman legions was discipline. In the legions, military law prevailed
and discipline was brutal. Discipline on the battlefield kept units obedient, intact and fighting,
even when the odds and conditions were against them.

Which one of the following statements best sums up the meaning of the above passage?

(A) Thorough regimentation was the main reason for the efficiency of the Roman legions even in
adverse circumstances.

(B) The legions were treated inhumanly as if the men were animals.

(C) Discipline was the armies’ inheritance from their seniors.

(D) The harsh discipline to which the legions were subjected to led to the odds and conditions being
against them.

Q.64 A and B are friends. They decide to meet between 1 PM and 2 PM on a given day. There is a
condition that whoever arrives first will not wait for the other for more than 15 minutes. The
probability that they will meet on that day is

(A) 1/4 (B) 1/16 (C) 7/16 (D) 9/16

Q.65 The data given in the following table summarizes the monthly budget of an average household.

Category Amount (Rs.)
Food 4000
Clothing 1200
Rent 2000
Savings 1500
Other expenses 1800

The approximate percentage of the monthly budget NOT spent on savings is
(A) 10% (B) 14% (C) 81% (D) 86%

END OF THE QUESTION PAPER

MA 14120
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Paper | Question no. |Key
MA 1 D
MA 2 B
MA 3 A
MA 4 A
MA 5 A
MA 6 C
MA 7 C
MA 8 A
MA 9 C
MA 10 D
MA 11 D
MA 12 D
MA 13 C
MA 14 B
MA 15 C
MA 16 B
MA 17 D
MA 18 A
MA 19 C
MA 20 B
MA 21 C
MA 22 B
MA 23 A
MA 24 C
MA 25 C
MA 26 C
MA 27 D
MA 28 C
MA 29 D
MA 30 D
MA 31 B
MA 32 A
MA 33 Marks to All
MA 34 B
MA 35 D
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Paper | Question no. |Key
MA 36 D
MA 37 A
MA 38 B
MA 39 B
MA 40 B
MA 41 B
MA 42 A
MA 43 B
MA 44 Marks to All
MA 45 C
MA 46 A
MA 47 C
MA 48 B
MA 49 D
MA 50 A
MA 51 D
MA 52 B
MA 53 A
MA 54 D
MA 55 A
MA 56 D
MA 57 A
MA 58 D
MA 59 B
MA 60 B
MA 61 A
MA 62 A
MA 63 A
MA 64 C
MA 65 D
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Read the following instructions carefully.

10.

11.

12.

Write your name and registration number in the space provided at the bottom of this page.
Take out the Optical Response Sheet (ORS) from this Question Booklet without breaking the seal.
Do not open the seal of the Question Booklet until you are asked to do so by the invigilator.

Write your registration number, your name and name of the examination centre at the specified
locations on the right half of the ORS. Also, using HB pencil, darken the appropriate bubble under
each digit of your registration number and the letters corresponding to your test paper code (MA).

This Question Booklet contains 20 pages including blank pages for rough work. After opening the
seal at the specified time, please check all pages and report discrepancy, if any.

There are a total of 65 questions carrying 100 marks. All these questions are of objective type.
Questions must be answered on the left hand side of the ORS by darkening the appropriate bubble
(marked A, B, C, D) using HB pencil against the question number. For each question darken the
bubble of the correct answer. In case you wish to change an answer, erase the old answer
completely. More than one answer bubbled against a question will be treated as an incorrect response.

Questions Q.1 — Q.25 carry 1-mark each, and questions Q.26 — Q.55 carry 2-marks each.

Questions Q.48 — Q.51 (2 pairs) are common data questions and question pairs (Q.52, Q.53) and
(Q.54, Q.55) are linked answer questions. The answer to the second question of the linked answer
questions depends on the answer to the first question of the pair. If the first question in the linked pair
is wrongly answered or is unattempted, then the answer to the second question in the pair will not be
evaluated. :

Questions Q.56 — Q.65 belong to General Aptitude (GA). Questions Q.56 — Q.60 carry 1-mark each,
and questions Q.61 — Q.65 carry 2-marks each. The GA questions begin on a fresh page starting from
page 14.

Unattempted questions will result in zero mark and wrong answers will result in NEGATIVE marks.
For Q.1 — Q.25 and Q.56 — Q.60, % mark will be deducted for each wrong answer. For Q.26 - Q.51
and Q.61 — Q.65, % mark will be deducted for each wrong answer. The question pairs (Q.52, Q.53),
and (Q.54, Q.55) are questions with linked answers. There will be negative marks only for wrong
answer to the first question of the linked answer question pair, i.e. for Q.52 and Q.54, % mark will be
deducted for each wrong answer. There is no negative marking for Q.53 and Q.55.

Calculator is allowed whereas charts, graph sheets or tables are NOT allowed in the examination hall.

Rough work can be done on the question paper itself. Additionally, blank pages are provided at the
end of the question paper for rough work.
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Notations and Symbols used
R The set of all real numbers
Zz The set of all integers
C The set of all complex numbers
R {(5...,%,) :x, € [R for 1<i <n)
- p
g The vector space of all scalar sequences { xn} such that Zle.l <o, ]S p<oo
- i=1
Coo Set of all sequences x ={ xn} with finitely many non-zero terms
x" The transpose of the vector x
N(u, 0'2) The normal distribution with mean M and variance o’
Zj Chi-square distribution with n degrees of freedom
P(E) Probability of an event E
P(E|F) Conditional probability of E given F
E ( X ) Expectation of a random variable X
E(X|Y=y) Conditional expectation of X given ¥ =y
exp(x) Exponential of x (that is e*)
<X, }’> Inner product of x and y
’ d
y @D
dx
MA 2120
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Q. 1 - Q. 25 carry one mark each.

Q.1  The distinct eigenvalues of the matrix
1 10
I 1 0
0 0O
are
(A) 0 and 1 (B) 1 and -1 (C)land 2 (D) 0 and 2
Q.2  The minimal polynomial of the matrix
330
330
0 0 6
is
(A) x(x-(x-6)  B) x(x-3) (©) (x-3)(x-06) (D) x(x—06)
Q.3 Which of the following is the imaginary part of a possible value of ln(\/l_') ?
VA 7T T
A) 7 ®B) = <€) — D) —
2 ) 4 8
Q4 Let f:C — < beanalytic except for a simple pole at z=0and let g :C —C be analytic.
Res { f(2) g(2)}
Then, the value of ~=2
Res f(2)
is )
(A) g(0) (B) g'(0) (©) limz f(2) (D) limz f(z) g(2)
Q5 letl= §(2 x>+ y*)dx+e” dy, where C is the boundary (oriented anticlockwise) of the region in
C
the first quadrant bounded by y =0, x* + y* =land x=0. The value of I is
2 2
A) -1 (B) —— ©) = D)1
(A) 3 3 D)
Q.6 The series Z ™" x>0, is convergent on the interval
m=1
(A) (0,1/¢) B) (l/e, €) (©) (0, €) D) (1, ¢)
Q.7  While solving the equation x* —3x+1=0 using the Newton-Raphson method with the initial
guess of a root as 1, the value of the root after one iteration is
(AY 1.5 B)I (C)0.5 D)o
MA 3/20
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Q.8  Consider the system of equations

5 2 1[x] [13
-2 5 2|lx|=|-22].
-1 2 8|x| |14

With the initial guess of the solution [xl(o),xgo), x;O) " =[1, 1,17, the approximate value of the

solution [x, x”, x;"']" after one iteration by the Gauss-Seidel method is

(A)[2, -4.4, 1.6251 B)[2, -4, -3
©[2, 44, 1.625] D) [2, -4, 3"

Q.9  Lety be the solution of the initial value problem
dy 2
—=(y"+x); y(0)=1.
- (750

Using Taylor series method of order 2 with the step size i = 0.1, the approximate value of y(0.1)
is

(A) 1315 (B) 1.415 (C) 1.115 (D) 1.215
Q.10  The partial differential equation
9’ ? ,0°
e 2Ly y-1y Lo E oy

ox dxdy dWy* Tox T dy
is hyperbolic in a region in the XY - plane if

(A)y x#0and y=1 (B) x=0and y#1 (C) x#0andy=#1 (D) x=0and y=1

2
X

Q.11 Which of the following functions is a probability density function of a random variable X ?

@A) £ x(2-x),0<x<2 ®) F) x(1-x), O0<x<l
xX)= XxX) =
0, elsewhere 0, elsewhere
© Flx)= 2xe™" , —l<x<l D) f(x)= 2xe, x>0
0, elsewhere 0, elsewhere

Q.12 Let X|,X,, X, and X ,be independent standard normal random variables. The distribution of

i =%{()(1 *Xz)z +(X3 _X4)2}

is
(A) N(0,1) (B) N(0,2) © X D) Xs

Q.13 For n2>1, let {X n} be a sequence of independent random variables with

P(X”:IZ)ZP(X” t_”)z__l_os P(Xn:O):l_Lz
2n” n

Then, which of the following statements is TRUE for the sequence{ X, } ?

(A) Weak Law of Large Numbers holds but Strong Law of Large Numbers does not hold
(B) Weak Law of Large Numbers does not hold but Strong Law of Large Numbers holds
(C) Both Weak Law of Large Numbers and Strong Law of Large Numbers hold

(D) Both Weak Law of Large Numbers and Strong Law of Large Numbers do not hold

MA 4/20
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Q.14 The Linear Programming Problem:
Maximize Z=x +x,
subject to
x+2x,<20
x+x, <15
x, <6
x,%,20
(A) has exactly one optimum solution (B) has more than one optimum solutions
(C) has unbounded solution (D) has no solution
Q.15 Consider the Primal Linear Programming Problem:
Maximize z=cX+C, X+ +C X,
subject to
ayX +ax, o+ a4, X, < b,
P: 9 a, X, + ayX, +-+a,,x, <b,
aml’xl + amZxZ toet amnxn < bm
X; 20,j=1...,n
The Dual of P is
(Minimize 7z’ =bw,+b,w,+--+b w,
subject to
ayw, T a,w, +oota,w, 2¢
D: { AW, +apW, +:-+a,,W, 2C,
alnwl + a2nw2 tooF amnwm = Cn
w,20,i=1,...,m.
Which of the following statements is FALSE?
(A) If P has an optimal solution, then D also has an optimal solution
(B) The dual of the dual problem is a primal problem
(C) If P has an unbounded solution, then D has no feasible solution
(D) If P has no feasible solution, then D has a feasible solution
Q.16  The number of irreducible quadratic polynomials over the field of two elements F, is
A0 ®B)1 )2 D)3
Q.17 The number of elements in the conjugacy class of the 3-cycle (2 3 4) in the symmetric group S¢ is
(A) 20 (B)40 (C) 120 (D) 216
Q.18 The initial value problem
d
= y+x*, x>0; y(0)=0,
dx
has
(A) infinitely many solutions (B) exactly two solutions
(C) a unique solution (D) no solution
MA 5120
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Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

The subspace P={(x,y,z)e R*: 7= x> +y>+1} is

(A) compact and connected (B) compact but not connected
(C) not compact but connected (D) neither compact nor connected

Let P=(0,1); 0=[0,1); U=(0,1]; S=[0,1], T=R and A = {P,Q,U,S,T}. The equivalence
relation *homeomorphism’ induces which one of the following as the partition of A?

(A) (P,Q,U,S}, (T} (B) {P.T}, {0} (U}, {5}
©) {,,T), {Q.U.S} D) {p.,T}, {Q.U}, (S}

Let x=(x,x,,..)€l*, x#0. For which one of the following values of p, the series ZXiy,.

i=]

converges for every y = (y,, y,,...)€ [P ?

(A1 (B)2 )3 (D)4

Let H be a complex Hilbert space and H ' be its dual. The mapping @: H —> H" defined by
#(y) = f, where f,(x)=(x, y) is

(A) not linear but onto (B) both linear and onto
(C) linear but not onto (D) neither linear nor onto

A horizontal lever is in static equilibrium under the application of vertical forces F, at a distance [

from the fulcrum and F, at a distance [, from the fulcrum. The equilibrium for the above quantities
can be obtained if

(A) Fl, = 2F,, (B) 2F, = F}l, (©) Fl, =FJ, (D) Fl < F[,

Assume Fto be a twice continuously differentiable function. Let J (y) be a functional of the form
.
jF(x,y')dx, 0<x<l1
0

defined on the set of all continuously differentiable functions y on [0, 1] satisfying y(0) =a,
y(1) =b . For some arbitrary constant ¢, a necessary condition for y to be an extremum of J is

oF oF oF oF
A) === B) — = C)—=c D) —=0
()axc ()ay,c ()ayc ()ax

The eigenvalue A of the following Fredholm integral equation
1
y(x) = /1.[ Xt y(t)dr,
0
is

(A)-2 (B)2 4 (D)~-4

MA
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Q. 26 to Q. 55 carry two marks each.

Q.26  The application of Gram-Schmidt process of orthonormalization to
u, =(L1,0), u, =(1,0,0), u, =(1,1,1) yields

L (1.1.0).(1.0,0).(0,0,1)

(A) —= B) ——=(1,1,0), -1,0), —=(LL1)
N f f %
(©) (0,1,0),(1,0,0), (0,0,1) (D) —(1,1,0),——(1,—1,0), (0,0,1)
V2 V2
4 z, iz,
Q.27 Let T:C*—C’bedefinedby T'| z, |=| iz +2, |- Then, the adjoint T of T is given
3 4+ 2, iz
g
by T'| z, |=
<3
g tiz, 2 —iz, + 2 2~ 1%, +24 iz, + 2,
(A)| —iz,+2, (B) | —iz; +z, + 2, (O) |izg, +2,+ 2, D)| z,-iz,
5+ 2,1z 12, iz, 7= 2,7z,

Q.28 Let f(z) be an entire function such that | f(z)|< K |z]|, Vz€eC, forsome K>0.If f(I)=1i,
the value of f (i) is

A1 B) -1 © i D) —i

Q.29 Let y be the solution of the initial value problem
2

Y | yo6cos2x. y(0)=3, Y(O)=1.

Let the Laplace transform of y be F(s). Then, the value of F(1)is

17 13 11 9
A) — B) — C) — D) —
(A) s (B) S © 5 (D)
Q.30 For 0<x<1,let
n
f,(x)=<31+n’

0, if x is rational
and f(x)=Hm f (x).Then, on the interval [0, 1]

if x is irrational

(A) f is measurable and Riemann integrable
(B) f is measurable and Lebesgue integrable
(C) f is not measurable

(D) f is not Lebesgue integrable

MA 7120
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Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

If x, y and z are positive real numbers, then the minimum value of

2 ) ) 1 1 1
X" +8y +27z7°  where  —+—4+-=1
‘ X y z
is

(A) 108 (B)216 (C) 405 (D) 1048

Let T:R“ — R *be defined by
T(x,y,z,w)=(x+y+5w,x+2y+w,— 7+ 2w,5x+ y+27).
The dimension of the eigenspace of T is

A1 B)2 3 (D) 4

Let y be a polynomial solution of the differential equation
(1-x*)y"-2xy'+6y=0.

1
If y(1) =2, then the value of the integral J. yrdx is
-1

1 2 4 8
A) - B) — C) — D) —
()5 ()5 ()5 ()5

The value of the integral
1
I= J. exp(x’)dx
-1

using a rectangular rule is approximated as 2. Then, the approximation error | 1 —2] lies in the
interval

(A) (2¢,3e] (B) (273, 2] (©) (e/8,2/3] (D) (0, e/8]

The integral surface for the Cauchy problem

dz 0Jz
=X,
dx dy

which passes through the circle z=0, x*+y* =1 is

(A) X+ +22° +22x-2yz—1=0
B) x>+ y*+27°+2zx+2yz-1=0
C) x> +y*+27* - 2zx—2yz—-1=0
D) xz+y2+2z2+22x+2yz+1=0

The vertical displacement u(x,?) of an infinitely long elastic string is governed by the initial value
problem
D42
or- ox”
d
u(x,0)=—-x and a—ltl(x,O) 0.

, —oo<x<oo, >0,

The value of u(x,f) at x=2and 1 =2 is equal to

(A) 2 (B) 4 € -2 (D) -4

MA

8/20

Downloaded from www.pkalika.in



Telegram: https.//t.me/pkalika mathematics [ 321]

2011

[GATE Maths 2023-2010]

MA

Q.37

Q.38

Q.39

Q.40

We have to assign four jobs L, IL, IIL, IV to four workers A. B, C and D. The time taken by different

workers (in hours) in completing different jobs is given below:

I

A 5

Workers B 7
CcC 6

D 5

The optimal assignment is as follows:

Job III to worker A; Job IV to worker B; Job II to worker C and Job

I

~ b~ O W

m I1v

2

2
5
7

8

6
7
8

I to worker D and hence

the time taken by different workers in completing different jobs is now changed as:
m Iv

1

A 5

Workers B 7
C 4

D 5

I
3
9
2
7

2

2
3
7

5
3
2
5

Then the minimum time (in hours) taken by the workers to complete all the jobs is

(A) 10 (B) 12 (C) 15

D) 17

The following table shows the information on the availability of supply to each warehouse, the
requirement of each market and unit transportation cost (in rupees) from each warehouse to each

market.

Market
M, M, M, M,
W, 6 3 5
Warehouse W, 5 9 2
W, 5 7 8
Requirement 7 12 17
The present transportation schedule is as follows:

4
7
6
9

W, to M>: 12 units; W, to Ma: 1 unit; W, to M,: 9 units; W, to M3: 15 units; Wi to M,

Supply

22
15
8

W; to M3: 1 unit. Then the minimum total transportation cost (in rupees) is

(A) 150 (B) 149 (C) 148

(D) 147

If 7 [i] is the ring of Gaussian integers, the quotient Z [i]/(3—1) is isomorphic to

(A) Z (B) Z/3Z (C) Z/4Z

RIXT oo R[x]

R [x]

For the rings L =————3 =— ;
(x*=x+1 (x*+x+1)

which one of the following is TRUE?

(D) Z/10Z

T2t

(A) L is isomorphic to M; L is not isomorphic to N; M is not isomorphic to N
(B) M is isomorphic to N; M is not isomorphic to L; N is not isomorphic to L

(C) L is isomorphic to M; M is isomorphic to N

(D) L is not isomorphic to M; L is not isomorphic to N; M is not isomorphic to N

: 7 units and

MA
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Q.41 The time to failure (in hours) of a component is a continuous random variable 7 with the probability
density function

A
—e 0 >0,

F@® =110
0, r<0.

Ten of these components are installed in a system and they work independently. Then, the
probability that NONE of these fail before ten hours, is

(A) e (B) 1-¢7'° (C) 107" (D) 1-10e7"°

Q42 Let X be the real normed linear space of all real sequences with finitely many non-zero terms, with
supremumnorm and 7 : X — X be a one to one and onto linear operator defined by

_ Xy X
T(x,x,,x,...) —(xl,?,:;—z,...].
Then, which of the following is TRUE?

(A) T is bounded but 77" is not bounded (B) T is not bounded but 7! is bounded
(C)Both T and T are bounded (D) Neither T nor 7" is bounded

Q43 Let ¢ =(0,...,0,1,0,..) (e, e, is the vector with 1 at the /" place and O elsewhere) for
i=12,....
Consider the statements:
P: {f(ei )} converges for every continuous linear functional on /2.
Q: {e,} converges in I*.
Then, which of the following holds?

(A) Both P and Q are TRUE (B) P is TRUE but Q is not TRUE
(C) P is not TRUE but Q is TRUE (D) Neither P nor Q is TRUE

Q.44 For which subspace X C R with the usual topology and with {0,1} C X, will a continuous
function f: X — {0,1} satisfying £(0)=0 and JS(1) =1 exist?

(A) X =[0,1] B) X =[-11] € X =R D) 0]z X

Q.45 Suppose X is a finite set with more than five elements. Which of the following is TRUE?

(A) There is a topology on X which is T,

(B) There is a topology on X which is T, but not T,
(C) There is a topology on X which is T, but not T,
(D) There is no topology on X which is T,

MA 10720
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Q.46 A massless wire is bent in the form of a parabola z = r*and a bead slides on it smoothly. The wire
is rotated about z-axis with a constant angular acceleration ¢ . Assume that m is the mass of the
bead, @ is the initial angular velocity and g is the acceleration due to gravity. Then, the Lagrangian
at any time 7 is

(A) m(dr (A+4rt)+r*(w+at)’ +2gr’
21\ dt
m_ dr : 5 ) ) 7_
B) —|| — | A+4r")-r(w+at) +2gr"
2L dt
m_ dr 2 |
O || =1 a+4r)—r (w+at)* —2gr*
(©) S\ 7 (A+4r7)—r( ) —2gr

(D) %{(%j (1+4r)+ri(+at)’ - 2gr2:|

Q.47 On the interval [0, 1], let y be a twice continuously differentiable function which is an extremal of
the functional
) 1
Ji+2y"
7= .[ Ty &
0

with y(0) =1, y(1) = 2. Then, for some arbitrary constant ¢, y satisfies

(A) ¥y (@2-c’x’) =y’ , (B) ¥y (2+x) =%’
©) y*(1-c*x*)=c'x’ (D) y' {1+ x*)=c’x

MA 11/20
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Common Data Questions

Common Data for Questions 48 and 49:

Let X and Y be two continuous random variables with the joint probability density function
2, O<x+y<l, x>0, y>0,

fley) =

0, elsewhere.

Q.48 p(xw%] is
1 1 3
A) — B) — O — D1
oF ®) © = D)
1

Q.49 E(X |Y =5] is

1 1
A) — B) —
()4 ()2 ©) 1 (D) 2

Common Data for Questions 50 and 51:

Z

Let f(2)= T, Z=x+tiy.
8-z
Q.50 Rgs f(2)is
I 1 1 1

A) — — B) — C) —— D) —

(A) P ( )8 © p ( )6
Q.51 The Cauchy principal value of .[ f(x)dx is

% - 23 ®) - =3 © 743 D -3
MA 12/20
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Linked Answer Questions
Statement for Linked Answer Questions 52 and 53:
x n
Let f,(x)= and s, (x)= (x) forxe [0,1].
fa ) {(n=Dx+1}{nx+1} ;f’
Q.52 The sequence {sn}
(A) converges uniformly on [0,1]
(B) converges pointwise on {0, 1] but not uniformly
(C) converges pointwise for x =0 but not for x€ (0, 1]
(D) does not converge for x€ [0, 1]
1
Q53 lim [s,(x)dx=1
0
(A) by dominated convergence theorem
(B) by Fatou’s lemma
(C) by the fact that {sn} converges uniformly on [0, 1]
(D) by the fact that {sn} converges pointwise on [0, 1]
Statement for Linked Answer Questions 54 and 55:
1 11
The matrix A=|2 1 2| canbe decomposed into the product of a lower triangular matrix L and an
1 3 2
upper triangular matrix U as A= LU where
1 0 0 u, U, Up;
L={, 1 0 and U=|0 uy uy
Ly L 1 0 0 uy
Let x, z€R’ and b=[1, 1, 1T .
Q.54 The solution z=[z,, 2, 23]T of the system L z=0b is
@ -l -1 -2 ®I, -1 2 ©1, -1, -2  OIF-L L2
Q.55 The solution x =[x, x,, x,]" of the system U x =z is
A2, 1, -2f ®)[2, L 2T ©[-2 -1 -2 ®O[2 L -2
MA 13/20
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General Aptitude (GA) Questions

Q. 56 — Q. 60 carry one mark each.

Q.56  Choose the most appropriate word from the options given below to complete the following
sentence:
It was her view that the country’s problems had been by foreign technocrats,
so that to invite them to come back would be counter-productive.

(A) identified
(B) ascertained
(C) exacerbated
(D) analysed

Q.57  There are two candidates P and Q in an election. During the campaign, 40% of the voters promised
to vote for P, and rest for Q. However, on the day of election 15% of the voters went back on their
promise to vote for P and instead voted for Q. 25% of the voters went back on their promise to vote
for Q and instead voted for P. Suppose, P lost by 2 votes, then what was the total number of voters?

(A) 100 (B) 110 (C) 90 D) 95

Q.58 The question below consists of a pair of related words followed by four pairs of words. Select the
pair that best expresses the relation in the original pair:
Gladiator : Arena

(A) dancer : stage

(B) commuter : train
(C) teacher : classroom
(D) lawyer : courtroom

Q.59  Choose the most appropriate word from the options given below to complete the following
sentence:
Under ethical guidelines recently adopted by the Indian Medical Association, human genes
are to be manipulated only to correct diseases for which treatments are
unsatisfactory.

(A) similar
(B) most

(C) uncommon
(D) available

Q.60  Choose the word from the options given below that is most nearly opposite in meaning to the given
word:
Frequency

(A) periodicity
(B) rarity

(C) gradualness
(D) persistency

Q. 61 to Q. 65 carry two marks each.

Q.61 Three friends, R, S and T shared toffee from a bowl. R took 1/3™ of the toffees, but returned four to
the bowl. S took 1/4™ of what was left but returned three toffees to the bowl. T took half of the
remainder but returned two back into the bowl. If the bowl had 17 toffees left, how many toffees
were originally there in the bow]?

(A) 38 (B) 31 (C) 48 (D) 41

MA 14/20
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Q.62 The fuel consumed by a motorcycle during a journey while traveling at various speeds is indicated

in the graph below.

120
90
[<3rT)
S =
e
EZ
2% 60
O =
Qo
g §
L=
30
o] ‘ ‘ 1 . ;
0 15 30 45 60 75 90

Speed
(kilometres per hour)

The distances covered during four laps of the journey are listed in the table below

Distance Average speed
Lap (kilometres) | (kilometres per hour)
P 15 15
Q 75 45
R 40 75
S 10 10
From the given data, we can conclude that the fuel'consumed per kilometre was least during the lap
(A)P B)Q (OR DS
Q.63 The horse has played a little known but very important role in the field of medicine. Horses
y
were injected with toxins of diseases until their blood built up immunities. Then a serum was
made from their blood. Serums to fight with diphtheria and tetanus were developed this way.
It can be inferred from the passage, that horses were
(A) given immunity to diseases
(B) generally quite immune to diseases
(C) given medicines to fight toxins
(D) given diphtheria and tetanus serums
Q.64 The sum of n terms of the series 4+44+444+.... is
(A) (4/81) [10™" —9n — 1]
(B) (4/81) [10™ —=9n - 1]
(C) (4/81) [10™' = 9n - 10]
(D) (4/81) [10" - 9n - 10]
Q.65 Given that f(y)=|y |/ y, and q is any non-zero real number, the value of | f(q) - f(—q) | is
(A0 B)-1 O 1 D)2
END OF THE QUESTION PAPER
MA 15120
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Read the following instructions carefully.

1. This question paper contains 24 pages including blank pages for rough work. Please check all pages
and report discrepancy, if any.

|2

Wrile your registration number, your name and name of the examination cenire at the specified
locations on the right half of the Optical Response Sheel (ORS),

3. Using HB pencil. darken Lhe appropriate bubble under each digit of your registration number and the
letters comesponding 10 your paper code.

4. All questions in this paper are of objeclive type.

5. Questions must be answered on the ORS by darkening the appropriate bubble {marked A, B, C, D}
using HB pencil against the question number on the left hand side of the ORS. For each question
darken the bubble of the correct answer. [n case you wish to change an answer, erase the old
answer complelely. More than one answer bubbled against a questior will be treated as an incorrect

TESPORSE.

6. There are a w1al of 65 questicns carrying 100 marks.
7. Questions Q.1 - Q.25 will carry 1-mark each. and questions Q.26 — (.55 will carry 2-marks each.

8 Chestions Q48 - Q.51 (2 pairz) are common dala questions and question pairs ((Q.52, (.53) and
{{}.54, Q.55) are linked answer questions. The answer (o the second question of the linked answer
guestions depends on the snswer to the first question of the pair. 1f the first question in the linked pair
15 wrongly answered or is un-auempted, then the answer 1o the second guestion in the pair will not be
evaluated.

9. Questions Q.56 — (.65 belong 1o General Aptitude (GA). Questions Q.56 — Q.60 will carry 1-mark
cach. and questions Q.61 - Q.65 will carry 2-marks each. The GA questions will begin on a fresh
page slarting from page 13.

10. Un-auempted questions will carry zero marks.

Ll. Wrong answers will carry NEGATIVE marks. For Q.1 — Q.25 aad Q.56 ~ .60. ¥ mark will be
deducted for each wrong answer, For Q.26 - Q.51 and Q.61 - Q.65, 7 mark will be deducted for each
wrong answer. The guestion pairs (Q.52, Q.53), and (.54, ().55) are questions with linked answers.
There will be negative marks only for wrong answer to the first question of the linked answer question
pait ie. for Q.52 and Q.54, % mark will be deducted for cach wrong answer. There is no negative
marking for Q.53 and Q.55

12. Caleulator {without data connectivity) is allowed in the examination hall.
13. Charts, graph sheets or tables are NOT allowed in the exarnination hall.

14. Rough work can be done on the question paper itself. Additionally, blank pages are provided at the
end of the yuestion paper lor rough work.
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Notations and Symbol d

X\Y {xe X xg k)

™ : The ser of all natural numbers

Z : The set of all integers

Z. : The set of all integers modulo #

Q - The set of all rationz] numbers

K : The set of ail real numbers

R’ : The se1 of all n -tuples of real numbers

C : The set of all complex numbers

C10.1] : The set of all complex valued continuous functions on |0.3]

P la.b] : The set of all polynomials of degree at most # defined on [a.8]

GL(2. R} : The group of all 2x 2 real invertible malrices under multiplcalion

3, : The set of all permutations on s symbols

A : Aemating group on / symbels

P{E) : Probability of an event £

PE|F) : Conditional probability of £ given F

E(X) : Expeclaticn of the random variable X

E{(X|¥ =y} :Conditional expectationof X given ¥ =y

MA
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Q-1 - .25 carry one mark each.

Q.1 Let E and £ be any two évents with P{EU ) =08, P(E£)=04and P(E|F)=03. Then

P{F)is
3 4 3 2
(A} — (B) - <)y = D) —
7 ) 5 © 3 @)

.2 Let X have a binomial distribution with parameters # and p , where 7 is an integer greater than 1
and 0< p<]. If P{X =0)=P(X =1), then the value of p is
1 1 1

H
A —— B) —— w -
&) n-1 { }n+l © n+l @

e
1+n=!

Q3 Let w{x.y}=2x(l—y) for all real x and v. Then a function wix, ¥}, so that

Flz)=u{x, v}+ivix, y) is analytic, is

(A) * —(y-1¥ (B) (x=1) - 5
(©) (x=1) + ¥ (D) 2™+ (y—1)°

Q4 Let f{z} be analytic on D={ze{ ]z~ 1]< 1} suchthat f(I)=1. If f(z)= fF{z")for all
z€ D, then which one of the following statements is NOT correct?

(A) F{)=[f(2)) forall ze D (B) f(ﬂzéf{z) forall ze D

() () =[F(DF foralt ze D () (=0

Y~ 0. with

L

Q.5 The maximum number of linearly independent solutions of the differential equation
the condition W0)=1.1is

{A} 4 (B)3 (C) 2 (o1

Q.6  Which one of the following sets of functions is NOT orthogonal (with respect to the I -inner
product} over the given interval?

(A) [sinnx:ne NY, -m<xenm (B) lcosnrine N, —w<xan

L e+
(CJ{IIME:HEN}, —lexel W ine N) —l<x<l

Q7 If fF:ilb2—-K is a nonnepative Ricmann-integrable  function  such  that

z 2
X

_[ 'ﬁ;} dx =‘i-'J-f(I] de =0, then & belongs w the interval

1 1

(M[ﬂ i] (B}[l 2 L D (12
'3 3 11(3,J ©) |1 <

MA LA
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Q.8  Theset X = K with the metric d{x, ) :u— is
l+|,x - _}'|
(A) bounded but not compact {13} bounded but not complete
{C) complete but not bounded {2y compact but not compizie
— i —cos(x’ + 31, ()2 0,0)
Q9  Let flx.yy={(«*+y}"
k, (x, y)={0,0).

Then the value of & for which f{x, ¥)is continuous at (0,0) is
A0 B) l C) 1 (D) E’
{A) { 2 (L] 3

Q.10 Let A and B be disjoint subsets of R and let m* denote the Lebesgue ouler measure on R
Consider the siatemenls.
P:m*(AUBy=m*(A}+m*{B)
(:Both Aand B are Lebesgue measurable
R:One of A and B is Lebesgue measurcable

Which cne of the following is comect?

({AYIf Pis true, then { is true {B)If Pis NOT true. then & is true
{C) If Ristrue, then # is NOT true (I IF Ris true, then P is trug

Q.11 Let f: R ->|0. =} be a Lebesgue measurable function and E be a Lebesgue measurable subset
of R such that jf dm = 0, where m is the Lebesgue measure on R. Then
E

(A) m(E) =0 (B) (xeR: f(x)=0]=E
(O mi[xe E: fix)y#0])=0 (D) m{{xe E: f(x)=0])=0
k1l 2
Q.12 Ifthe nullity of the matrix [ 1 =1 ~2| is [, then the value of £ is
I 1 4
(A) -1 {BY0 ) 1 (D) 2

Q.13 Ifa 3x 3 real skew-symmeiric matrix has an eigenvalue 2i. then one of the remaining eigenvalues
is

1 1
Ay — By —— (Cy 0 (D) 1
( }Zi (B} 2 )

Ma &4
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(.14  For the linear programmiing problem
Minimize z=x-v.subjectto 2x+3y <6, 0<x<3, 0<y<3,

the number of extreme points of its feasible region and the number of basic feasible solutions
respectively, are

{A)Y Jand 3 (B 4 and 4 {C) 3and 5 My dand 5

Q.15 Which one of the following statements is correct?

{A) If a Linear Programming Problem (LPP) is infeasible, then its dual is also infeasible
{B) If an LPP is infeasible, then its dual always has usbounded solution '

{C) If an LPP has unbounded solution, then its dval also has unbounded solution

{D) If an LPP has unbounded solution, then its dual is infeasible

.16 Which one of the following groups is simple?
(A} 5, (B) GL(Z.R) ) Z,xZ, Dy A

Q.17 Consider the algebraic exlension E = QQ (\E. NENE ) of the field J of raticnal mumbers. Then
1E:Q], the degree of £ over (. is

(A)3 (B)4 © 7 ) 8
. o . . @ .
Q.13 The general solution of the partial differential equation ox 3y =x+ ¥ i of the form
1
) 370+ )+ F@)+G(») (B) = xy(x- y)+ Fx)+G(3)
1
(© 3 27(x- 1)+ FRIG0) ) %x:.rm Y)+ F)G()

Q.19  The numerical value obtained by applying the two-point trapezoidal rule to the integral
j Inf+x) .
I

X

0

1 1 1 1
A) —(In2+1 B) — 2dn?2 -~ =2
flz(n +1) t}2 {C) 2(lnz 1} (D) 21112

Q.20 Let {{x), k=0,1,..,n denote the Lagrange's Tundamental poiymomials of degree n for the nodes

x,, X, X, . Then the value of Z!k(x} is
k=0

(A} D (B)1 () X" +1 (D x"-1

A 5rid
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Q.21

Q.22

Q.23

Q.24

Q.25

Let X and Y be normed linear spaces and {7, } be a sequence of bounded linear operators from X

to ¥ . Consider the statements:

P:{| T x|:ne N} is bounded for cach x€ X

Q:{IT:‘": n€ N} is bounded
Which cne of the following is correct?

(AY T Pimplies ¢F, then both X and ¥ are Banach spaces

(B} if #implics . then only one of X and Y is a Banach space
() If X is a Banach space, then P implies

(D} If Y is a Banach space, then P implies

1

Let X = C[0, 1) with the norm |, = | |x()d¥, xe CI[0,1] and Q={7e€ X":|f{=1, where

X’ denotes the dual space of X . Let C(£2)be the linear space of continuous functions on £ with

the noom luﬂ = Suplufs}l, ue C(L2). Then
=0

{A) X is linearly isometric with C{£2})

{B) X is linearly isometric with a proper subspace of C(£})
{C) \here does ol exist a linear isometry from X into C{52)
(D) every linear isometry from X 10 C{£2} i3 onta

Let X = K equipped with the topology generated by open intervals of the form (a,8) and sets of

the form (a,#)(1(}. Then which one of the following statements is comect?

(A) X is mgular (B) X is normal
(Cy X\Qis dense in X (D) Qisdense in X

Let £ ,T and V denote the Hamiltonian, the kinetic energy and the polential energy respectively of

aH
a mechanical system at time !, If H contains ¢ explicitly, then—a—- is equal to
T

df gV o gV av o7 aV a7
Ay —+— B) —-— C) ——— Dy ——-2—
”aﬁ'a: “a: or ”a: of o gt ot

The Euler's equation for the vanational problem; Minimize [ wx)] = J(Q.:: —xy—¥)y dx,

i

{A) 2y -y=2 (B) 2y "+ y =2 {© y+2y=0 (D) 2y"—y=0

Ma
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Q.26 -

Q.26

Q.27

Q.28

Q.29

Q.30

Q.55 carry two marks each.

Let X have a binomial distribution with paramelers # and p. #=3. For testing the hypothesis
2 1 . "
H,: p=§ against H 1 p =§. let a test be: “Reject H, if X = 2and accept H,if X £17. Then

the probabilities of Type I and Type [[ errors respeciively are

20 20 7 20 20 7
A and — B —and — ¢y — and — ~—and—
{ }2? 27 ( }ET 27 © 27 27 ©) 27 27
J ALY dz, where f(z}=sin 2, (:(JSE and Cis the curve |z|=3 oriented
“{z—-1Hz-2) 2 2
anti-clockwise. Then the vaiue of [ is
(A) 47 i (B) O (C) —2mi Dy 47z

Let Z B z" be the Laurent series expansion of the function . 0< |z| < & . Then which

- zsinh z
one of the following is correct?
(A) b, =1, b, -—% b:-%. (B) b, =, b_,=--é—, q:%,
(©) b, =0, b;,=—%. b;%. D) b, =1, b2=—%, bF%.
Under the transformation w = z__—% . the region D = {z& C:| < 1} is ransformed to

(A) {zeC :O<argz < 7}
(B) {zeC:-mz<argz<0

{C) {zeC :{lcarng:% or E{argz{%r]

(D) {zeC :g::argzc.:mr %{nrgz{h}

Let y(x)be the solution of the initial value problem

Y-y +dy-4ay=0, y0=y0)=2 y(0®=0.

Then the value of y{%} 15

e
p-
S
——,
LI E |
|
=
o
-
o
h |-
o,
oh
2]
[FIE |
|
F
o T
-
"
-
|
——
o
ha |

¢ -2] [D]S(Be1+2]
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Q.31  Let ¥{x) be the solution of the initial value problem

Oy exy+y=x, vi)=y)=l.

Then the value of y(e’ti] i8

1 z 1 x 1 = 1 &
A) ={]-¢e* e z C) —+— Dy ——=—
ilz{le] fB}2(1+e} €5+ t124

Q32 Let 7: R'=> R’ be a linear wransformation defined by T{x.¥,2)=(x+ y, y + 2.z ~ x). Then, an
orthonarmal basis for the rnge of T is

Q.33 Let T: R{0,1]— AJ[0,1) be defined by {TpXx)= p (1) + p’{x). Then the matrix representation
of T with respect to the bases {1, x,.x°,x°} and {1,.x,x*} of R[0.1] and £,[0,1] respectively is

000 0120 0210 000
|l 09 B0 0 2 6] (@6 2 00 (|0 01
2 29 0 003 3000 022
0 6 3 360

Q.34 Consider the basis {u,,ir,,u,} of R’ where u, =(1,0.0), u, =(LL0), u, ={L11}). Let
{fi.[..fi} be 1he dual basis of {w,m,u}and f be a linear functional defined by

flabc)=a+h+e. tab.cye RN f=afira,f,+af . then (@, a, @) is
(A) (1.2.3) (B) (1.3,2) (© {2301 D) 3,.2,1)

Q.35 The following lable gives the cost maurix of a transpontaiion problem

4 5 6
3 2 21
| N

The basic feasible solution givenby x,, =3, %, =Lx, =61, =2, x,, =5 is

(A) degenerale and optimal {B} optimal but not degenerale
{C) degenerale but not optimal (D)} neither degenerale nor optimal

MA 4
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Q.36 I z* is the optimal value of the linear progtamming problem
Maximize z = 5x, +9x, + 4x,

subjectto x, + x, + x, =5
4x, +3x,+ 2x, =12
X5, %, 21,
then
{A)0=<7*<10 (B)10<z%< 20 (C) 20<z*<30 (D) 30< %< 40
Q.37  Let G,be an abelian group of order 6 and G,=5,. For j=1,2. let P, be the statement:
“G, has a unique subgroup of order 2. Then
{A) both £ and £, hold (B) neither £ nor P, holds
{C) £ holds but not P, (D) P, hoids but not
Q.38  Lat & be the group of all symmetries of the square. Then the number of conjugate classes in & is
(A4 (B) 5 () & (D} 7
Q.39 Consider the polynomial ring ([ x]. The ideal of (J|x) generated by =3 is

(A) maximal but not prime {B) prime bul not maximal
(C} both maximal and prime {D) neither maximal nor prime
, . 'u ,
Q.40 Consider the wave equalion T = 457, O<x<x, >0, with u{0,7) =u{z.1)=0,
I X

w{x, 0 =sin x and ;f]—u=ﬂ at =0. Then u[if—] is
ar 2 2

(Aa) 2 {B) 1 {C) 0 (D} -1

J41 Lctf:j £ dvt(etinx+x) dy . where Cis the positively onented boundary of the region
X
[

enclosed by }'=l+x:,y=2.x:%.T}mn1}mvalueoffis

| 5 7 3
A) — By — Cy — D -
{}B (}24 {}24 []8

Q42  Let {f,} be a sequence of real valued differentiable functions on [a,#] such that £ (x)— f(x)

as n —>=o forevery x€ [a.b] and for some Ricmann-integrable function £ :{a, 5] — R. Consider
the statements
P f ) converges uniformly
P, :| £/} converges uniformly
[

g:j’;;u}dx—»jf(x)dx

P, . f is differentiable
Then which one of the following need NOT be true

{A) B implies P, (B) F, implies B () F, implies F, (D) £, implies £

MaA Qr2a
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Q.43

Q.44

Q.45

Q.46

Q.47

L] a

Let f {x) == and. g, (x) = ol for x£[0,1) and »e N. Then on the inlerval [{,1].
1+ x l+nx

{AYboth { f,} and {g,} converge uniformly
(B} neither [f,} nor {g_} converpes uniformly
(C) {1 f,} converges uniformly but | g_| does not converge uniformly

(1Y} {g,} converges uniformly but { £} does not converge uniformly

Consider the power sertes Z and Z L. Then

nel '\f’_ ns) M1

(A} both converge on (—1,1] (B) bath converge or [—-1,1)
{C) exactly ane of them canverpes an (—1,1] (D) none of them converges on [=1,1)

Let X =N be equipped with the 1opology generalsd by the basis consisting of sets
A =in.n+l,n+2. . |.neN Then X is

{A) Compact and connegied {B) Hausdor{f and cennected
{C) Hausdorff and compact (D) Meither compact nor connected

Four weighiless rods form a rhombus PORS with smooth hinges at the joints. Another weightless
rod joins the midpeints £ and F of PO and P35 respectively. The system is suspended from
Pand a weight 2W is atlached to R . 1f the angle between the rods P and PS5 is 28 then the
thrust in the rod EF is

() Wian & By 2Wan® (iC) 2Wcor# (D) 4W tan &

1
For a continuous function f{f), 0<r =1. the integral equation y(1) = f {r}+3jr.; y(s)ds has
4]

1
{A) a unique solution if Isf (s)ds=0
a
1
(B) no solution if Isf (s)ds=0
1]
1
(C) infinitely many solutions if ISf{J] ds=0
L[]

1
D) infinitely many solutions if Isf{.r} ds=2{
Q

M A
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Comimon Data Questions
Common Data for Questions 48 and 49

Lat X and ¥ be cominuous random variables with the joint probability density function

ae™, Dexay<es,
(x,y)=
flxy . otherwise.

.48 Thevalweof ais

(A} 4 (B) 2 (Cy 1 {D) D.5
Q4%  The value of E(X |¥ =2)is

(A) 4 (B) 3 (Cy 2 (D) 1

Common Data for Questions 50 and 51:

Let X = N % QQ with the subspace topology of the usual topology on R'and P = {(n,-l—]: HE N} .

n

Q.50  [nthe space X,
{A) Pis closed bul not open {B) P is open but not ctosed
{C) P is both open and closed {12) P is neither open nor closed

Q.51 The boundary of P in X is
(A) an emply sel (B) a singleton sel iy P Dy X

Linked Answer Questions

Statement for Linked Answer Questions 52 and 53:

h
For a differentiable function jf{(x}, the integral If {x)dx is approximated by the formula
i

Bilag £ (0) + a, f ()| + A7 (8, £ 10) + b, £ (R)], which is exact for all polynomials of degree at most 3.

(.52 The valves of @, and & respectively are

1 1 1 1 1 I 1 I
(A — and - — —— and — Cy— and — — and —
2 12 ® 12 2 { 2 12 ©) 12 2
Q.53 The valuesof a, and b, respectively are
1 1 1 | ] 1 1 l
{AY — and — B} — and —— i)y — and — D} — and -~ —
2 2 ( 12 12 2 12 ©) 2 12

MaA 124

Downloaded from www.pkalika.in



Telegram: https://t.me/pkalika_mathematics [ 340] ' [GATE Maths 2023-2010]

2010

Ma
Statement for Linked Answer Questions 54 and 55:
1
Let X =(T0,1] with the inner product {x, y) =I.t(f}y{f}df, x, ¥ C[0,1].
L]
1
X, ={IE X :fr'x{r}d.r =ﬂ}+and X be the orthogonal completnent of X,
f
.54 Which one of the following statements is correct?
(A) Both X, and X, are complete {B) Neither X, nor X, is complete
(€} X, is complete but X is not complete (D) Xg is complete but X, is not complete
Q.55 Let y(1}=r",re[0,[) and x, € X be the best approximation of ¥ Then x (1), te[01], s
4 . 5 6 7 -
{A) -t (B =1 C ) =1 =
5 o © 7 ‘¢ Er
MA 12024
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General Aptitude (GA) Questions

Q.56 — Q.60 carry one mark each,

Q.56  Which of the following options is the closest in meaning to the word below:
Circuitous

(A) cyclic
{B) indirect
{C) confusing
{D¥) crooked

Q.57 The quesiion below consisis of a pair of related words foliowed by four pairs of words. Select the
pair that best expresses the relation in the original pair,
Unemployed : Worker

(A) fallow : land

(B) unaware : sleaper
(C) wit : jester

{IM renovated : house

Q.38 Choose the most appropriate word from the options given below to complete the following
fenlence:
Il we manage to our natural resources, we would leave a better planet for
our children.

(A} aphold
(B) restrain
(C) cherish
{I)) conserve

Q.39 Choose the most appropriate word from the options given below to complete the following
sentence:
His rather casual remarks on politics his lack of seriousness about the subject.

(A masked
(B} belied

(C} betrayed
(D) suppressed

Q.60 25 persons are in a room. 15 of them play hockey. 17 of them play football and 10 of them play
both hockey and football. Then the number of persons playing neither hockey nor football is:

(A)?2 (B) 17 (C) 13 (D) 3
Q.61 — Q.65 carry iwo marks each,

.61 Modern warfare has changed from larpe scale clashes of armies to suppression of civilian
populations. Chemical agents that do their work silenily nppear to be suited to such warfare;
and regretfully, there exist people in milltary establishmenis who think that chemical agents
are useful Lools for their cause.

Which of the following statements best sums up the meaning of the above passage:

{A) Modemn warfare has resulied in civil sirifc,

{B) Chemical agents are useful in modern warfare.

{C} Use of chemical agents in warfare would be undesirable.

{D) People in military establishments like (o use chemical agents in war.

A 13724
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.62 If 137 + 276 = 435 how much is 731 + 6727
{A) 534 {B) 1403 {C) 1623 (D) 1513

.63 5 skilled workers can build a wall in 20 days: B semi-skilled workers can build a wall in 25 days;
13 unskilled workers can build a wall in 30 days. If a tean has 2 skilled, & semi-skilled and
5 unskilled workers, how long will it take to build the wall?
(A} 20 days {B) 18 days {C) 16days {D) 15 days

Q.64 Given digits 2, 2, 3,3, 3, 4, 4, 4, 4 how many distinet 4 digit numbers greater than 3000 can be
formed?
{A) 50 (B) 51 (C) 52 (D) 54

Q.65 Hari (H), Gita {G), irfan (I) and Saira (S) are siblings {i.¢. brothers and sisters). All were bormn on
1* January. The age difference belween any two successive siblings (that 15 born one after ancther)
is less than 3 years. Given the following facis:

i. Har's apge + Gita's age > [rfan’s age + Saira’s age.
ii. The age difference between Gita and Saira is 1 year. However, Gila is not the
oldest and Saira 1s oot the youngest,
tii. There are no twins.
In what onder were they bom (cldest firs1)?
(A) HSIG {B) SGHI (C} IGSH (D} [HSG
END OF THE QUESTION PAPER
M A 14/24
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Space for Rough Work
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