Mathematics (MA)

GATE?
General Aptitude (GA)
Q.1 - Q.5 Carry ONE mark Each

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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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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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?

08 Hill 1
cE 06 _ ]
A - . . -
GE) £ os5}h Horizontal cross-sections |
e 1 at various altitudes (h)

<
e - 0.4 B S
=8 .|
E) % 0.3F 4
= L
T D o2k -
O i L 'l 'l 1 1 L ]
0 0,2 0.4 0.6 0.8 1.0
Distance (in km)
P Q

(A |P
B |Q
© |R
D) |s
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o~

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

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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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)

(©)

both (i) and (ii)

(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?

fO)=1lx+2]—|x—1]]

(A) | P
(B) |Q
©) |R
D) | S

Page 7 of 53
Organizing Institute: [IT Kanpur



Mathematics (MA)

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?

Opaque
cylinder

(A |P
B |Q
© |R
D) |s
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USEFUL DATA

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

Q.11 |Letf, g:R*—> R bedefined by
flx,y) =x? — %xy2 and g(x,y) = 4x* — 5x%y + y?
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

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

(B) Z is homeomorphic to W

©) Y is homeomorphic to W

(D) X is NOT homeomorphic to W
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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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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).

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
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Q15 |LetDh={z€ C: |z|]<1}and f:D — C be defined by
ZS Z7 Z9 Z11
_ 3 - —_
f@) = 2-252 + g =or g =1
Consider the following statements:
P: f has three zeros (counting multiplicity) in D .
Q: fhasonezeroin[[lz{ze C:%< |z| < 1}.
Then
(A) | Pis 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
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Q.16 | Let V' © R be a non-measurable set with respect to the Lebesgue measure on R.

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

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
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Q.18 | Consider R? with the usual Euclidean metric. Let

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
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QI | et M= [‘1L _03].

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
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Q.20

Let C[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
X ={f € €014 dulfon ) 2 5).
Let f1, f> € C[0, 1] be defined by f;(x) = x and f,(x) = 1 — x for all 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
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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
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Q.22 | LetT: R* - R* be a linear transformation and the null space of T be the
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)?
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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}.

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
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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 - Rdefined by f(x,y) = x? — y?

Q.25 | Consider the following Linear Programming Problem P:

Minimize 3x; + 4x,
subject to X1 — Xy <1,
X1 + Xy = 3,

x120, x220.

The optimal value of the problem P is
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Q.26 | Let u(x,t) be the solution of

- =0, xE(~0,), >0,

u(x,0) =sinx, x € (—o0,0),
Ju

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

[ee]
n
1—Z—z2 Z““Z' a ER

n=0

for all z in some neighbourhood of 0 in C.

Then the value of a4 + as is equal to
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Q.28 | Letp(x) = x3 — 2x + 2. If g(x) is the interpolating polynomial of degree less than
or equal to 4 for the data
x -2 -1 0 1 3
q(x) | p(=2) [ p(-1) | 25 | 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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Q.30 | If forsome a € R,

4 X 1
flf_x—xz+y2 dydx:f

NE

asecBH 1
f — drd@,
secO r

B

then the value of a equals

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

and the norm [I£1l, = (2,1f ()12 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

" t, 0<t<?2, ,
y+4y={22<t<ooand 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)
and y = (¥1,¥2,¥3, ¥a)-
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 =

0 0 1 0 0 1
some a € R, then the value of « is equal to

3 -1 -2 1 0 O
0 2 4]and1= 0 1 0| If 6M™t=M?—6M + al for
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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

_ _[i O
G, =<S,T, >, whereT; = [O i]’
G, =<S,T, > where T, = [6 —Oi ,
_ _J0 1
G; =< S§,T; >, where T; = [1 ol
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,)

(C) ([ o
2@ ={[y 1]}

(D) Z(G,) isisomorphicto Z(G5)
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Q.37 | Let#? ={(xq, xp, x3,...) : x, ER foralln € N and Y, x2 < oo}.
1
For a sequence (x;, x,, X3,..) € €2, define ||(xy, x3, X3, ...)|l2 = Gy x2)2.
Let S: (€%, 1Ill2) = (% IIllz) and T = (€%, 1-112) = (€%, [I°]l2) 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
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Q.38 | Let
Coo = {(x1, x5, x3,...) 1 x; € R, i €N, x; # 0 only for finitely many indices i}.
For (x1, x5, X3,...) € Coo, let||(xy, Xz, X3, ...)|[0 = sup{|x;| : i € N},
Define F, G : (coo, |Illeo) = (co0. II-ll0) bY
1 1
F((xl, X2y ey Xppy wen )) = ((1 + 1)x,, (2 + E) X2, eee) (n + Z) Xy ven ),
X1 Xy Xn
G((x1, X2, ey Xy o ) = , . o |,
1+1 1 1
2+ 5 n+ n
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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Q.39 | Consider the Cauchy problem
Ju N Ju .
Xox Y dy w
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

Organizing Institute: [IT Kanpur
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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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Q.41 | Let ¢ and o be two linearly independent solutions of the ordinary differential
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: ¢'()¢'(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
power series f(z) = Yo—¢anz™, Whereay =a; = land a, = 2% 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) P is TRUE

(B) Q is TRUE

(C) Q is FALSE

(D) P is FALSE
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Q43 | LetQbean open connected subset of C containing U = {z e€C:|z| < %}

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

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

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

S = Z[x]/<2’x3) and S, = ZZ[x]/<x2)

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
2 : 1
£.06) = {n (x —n), foe[n,n+ﬁ]
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|fu(x)| > 0asn—> o

x €R
B) | flfa(Oldx > 0asn -
(©) m({xER:Ifn(x)|>%})—>0asn—>oo
D) | m{xeR:|f(x)] >0} > 0asn— o
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Q.48 | Define the characteristic function yy of a subset E in R by
(1, ifx€E
XE(x)_{O’ 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
O = ) EHa, 1 0
n=1
Consider the following two statements:
P: f € LP[0,1] foreveryp € (1, 2).
Q: f eLo,1].
Then
(A) P is TRUE
(B) Q is TRUE
(C) Q is FALSE
(D) P is FALSE
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Q.49 |Letx(t), y(t), t € R, betwo functions satisfying the following system of
differential equations:

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 - o

(D) Ifa=1, B = 1.01, then |x(t)| + |y(t)| > 0 ast - o
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Q50 |For h>0,and e, B, vy €R, let
afla—h)+Bf(a) +vyf(a+2h)
Dpf(a) = 6h
be a three-point formula to approximate f'(a) for any differentiable function
f:R—>Randa € R.
If D, f(a) = f'(a) for every polynomial f of degree less than or equal to 2 and
forall a € R, then
A |a+2y= -2
(B) a+2—-2y=0
©) a+2y=2
D) |a+28-2y=1

Page 43 of 53

Organizing Institute: [IT Kanpur



GATE:

Mathematics (MA)

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

f(xx)
X =x,——) k=0,1,2,..
k+1 k f’(xk)
for an initial guess x.
If x;, € (¢, b) for some k > 0, then which of the following statements is/are
correct?

(A) X1 > €

(B) X1 < €

(©) Xier1 < Xg

(D) £
For every n € ({,xy), o) >1
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Q.52 | Let f:R? - R be defined by

x2 + y?2’

2x%y
fl,y) = { Y2+ 2 (x,¥) # (0,0)
0, (xy)=(0,0)

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 -

)

Sk

©) 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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Q53 | LetC[0,1] ={f:[0,1] » R : f iscontinuous} and

doo (f,9) = sup{ |f (x) — g(x)|: x € [0, 1]} for f, g € C[0,1].
For each n € N, define £,:[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
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) | PisTRUE
(B) P is FALSE
(C) Q is TRUE
(D) | QisFALSE
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Q.55

Let C be the curve of intersection of the cylinder x? + y2 = 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

Q.56

Let 2 = {(xq, x2,%3,...) : X, ER foralln € Nand Y-, x2 < o}.

For a sequence (x4, x5, X3, ... ) € £2, define
1

had 2
Gy 225, = (Z x%)

n=1
Consider the subspace M = {(xl, X, X3, .. ) € £%: Z,‘lez—z = }
Let M+ denote the orthogonal complement of M in the Hilbert space (¢, ||-]l,).
Consider (1, L 1) € 2.
3

2 4

If the orthogonal projection of (1, % % i, ) onto M+ is given by

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

nan) \4’ 42743’
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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 |IQ |[R |S
1|13 8| 12| 9| 20
@210 7| 5|20 10
O
x| 13| 3)19] 5|12 50
Q4| 4] 9| 7|15 30
5|14 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 o is the

product of g; and o,, where g, is a 4-cycle and g, is a 3-cycle in Sg. If ; 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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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
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 A4, then a;; + ay; + az; + m

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

(yr(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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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).
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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

Page 53 of 53

Organizing Institute: [IT Kanpur



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




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




