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ENGINEERING
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GATE

Solved Papers
2022

CIVIL ENGINEERING (CE) P1

Consider the following expression:

z=sin (y + it)+ cos(y - it)

where z, y, and t are variables, and i=+-1
is a complex number. The partial differential
equation derived from the above expression
is

2 2 2 2
@ 22,92 g ) 22_0Z_
o oy o' oy’
© Z-i%Z-0 @ Z.i% g
ot oy ot oy

For the equation

3/2

613—]3/+x[d—yJ +xy =0

dx dx

the correct description is

(a) an ordinary differential equation of order
3 and degree 2.

(b) an ordinary differential equation of order
3 and degree 3.

(c) an ordinary differential equation of order
2 and degree 3.

(d) an ordinary differential equation of order

3 and degree % .

. The matrix M is defined as

ol

and has eigenvalues 5 and — 2. The matrix Q
is formed as

Q=M’-4M*-2M

Which of the followingis/are the eigenvalue(s)
of matrix Q ?
(@) 15

(c) -20

(b) 25
(d) -30

Q.4.

Consider the following recursive iteration
scheme for different values of variable P with
the initial guess x; = 1:
X, :%[xn+£], n=12,3,4,5

For P = 2, x5 is obtained to be 1.414, rounded-
off to three decimal places. For

P = 3, x5 is obtained to be 1.732, rounded-off
to three decimal places.

If P =10, the numerical value of x5 is

(round off to three decimal places).

. The Fourier cosine series of a function is

given by:

f(x)=>f, cosnx

n=0

For f(x) = cos'x, the numerical value of (f, +
fs) is (round off to three decimal places).

. Let max {a, b} denote the maximum of two

real numbers a and b.

Which of the following statement(s) is/are
TRUE about the function

f(x) =max{3 —x,x—1}7?

(a) Itis continuous on its domain.

(b) It has a local minimum at x = 2.

(¢) Ithas alocal maximum at x = 2.

(d) Itis differentiable on its domain.

. Consider the differential equation

dy B
I —4(x+2) Y

For the initial condition ¥y = 3 at x = 1, the

value of y at x = 1.4 obtained using

Euler’s method with a step-size of 0.2 is
. (round off to one decimal place)

. A set of observations of independent variable

(x) and the corresponding dependent
variable (v) is given below.

X 5 2 4 3

y | 16 | 10 | 13 | 12
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Q. 10.

Q.11

Q.12.

Q.13.

Q. 14.

Based on the data, the coefficient a of the

linear regression model
y=a+ bx

is estimated as 6.1.

The coefficient b is

to one decimal place)

. (round off

Chemical Engineering (CH)

. The value of (1 + i)lz, where i =+/-1, is

(a) —64i (b) 64i

(c) 64 (d) —64
x 1 3

Givenmatrix A=y 2 6|, the ordered pair
3 57

(%, y) for which det(A) = 0is

(@ (L1) (b) (1,2)

(c) (22) (d) 21)

Let f(x) =e M , where x is real. The value of

ﬂ atx = —1is

dx

(a) —e (b) e

(c) 1/e (d) -1/e

The value of the real variable x = 0, which
maximizes the function f(x) = x“¢ " is

(@ e (b) 0

(€ 1/e (d) 1

The partial differential equation

w_(1)c
ot \n?/) ax*

where, t = 0 and x € [0,1], is subjected to the
following initial and boundary conditions:
u(x, 0) = sin (nx)
u@©,t)=0
u(l,t)=0
The value of t at which
u05,4) 1 i

u(0.5,0) e

(@1 (b) e

(0 =

The directional derivative of f (x, y, z) = 4x* +
2y* + z* at the point (1, 1, 1) in the direction of

(rounded off

@ 1
e

the vector 9=1—k is

Q.15.

Q. 16.

Q.17.

Q.18.

Q. 19.

to two decimal places).

Consider a sphere of radius 4, centered at

the origin, with outward unit normal 7 on
its surface S. The value of the surface integral
(2xi+ 3y +4zk ) .
J“[ AXit oY)+ azk Jﬁ dA is
: 4n

(rounded off to one decimal place).
The Z—y =xy’ +2y+x—4.5with the initial
x

condition y (x = 0) = 11is to be solved using a
predictor-corrector approach. Use a predictor
based on the implicit Euler’s method and a
corrector based on the trapezoidal rule of
integration, each with a full-step size of 0.5.
Considering only positive values of y, the
value of y at x = 0.5 is (rounded
off to three decimal places).

CIVIL ENGINEERING (CE) P2

Let y be a non-zero vector of size 2022 X 1.
Which of the following statement(s) is/are
TRUE?
T. . .
(a) yy is a symmetric matrix.
(b) yTy is an eigenvalue of ny.
(¢) yy" has a rank of 2022.
(d) ny is invertible.

A pair of six-faced dice is rolled thrice. The

probability that the sum of the outcomes in

each roll equals 4 in exactly two of the three

attempts is . (round off to three decimal

places)

Consider the polynomial f(x) = -6 +

11x — 6 on the domain S given by 1 < x < 3.

The first and second derivatives are f’(x) and

().

Consider the following statements:

I. The given polynomial is zero
boundary points x = 1and x = 3.

II. There exists one local maxima of f(x)
within the domain S.

III. The second derivative f'(x) > 0
throughout the domain S.

at the

IV. There exists one local minima
within the domain S.

of f(x)

The correct option is:
(a) Only statements I, Il and III are correct.
(b) Only statements I, Il and IV are correct.
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n

Q. 20.

Q.21.

Q.22.

Q. 23.

Q.24.

(c) Only statements I and IV are correct.
(d) Only statements I and IV are correct.

P and Q are two square matrices of the same

order. Which of the following statement(s) is/

are correct?

(a) If P and Q are invertible, then [PQ]™" =
Qlrt

(b) If P and Q are invertible, then [QP]" =
rtQt

(c) If P and Q are invertible, then [I’Q]f1 =
P'Q.

(d) If P and Q are not invertible, then [PQ]_l

—_qglp!

2 3 4
J'(x_x_+x__x_+...\dxisequalto
SRR

(a) (1+x){log(1+x)—1}+constant

(b) ! -+ Constant
1+x
1
(c) - + Constant
1-x
1
(d) - >+ Constant
1-x
The function (x, y) satisfies the Laplace
equation
Vif(xy) =0

on a circular domain of radius r = 1 with its
center at point P with coordinates x = 0,y =
0. The value of this function on the circular
boundary of this domain is equal to 3.

The numerical value of f(0, 0) is:

@ o0 (b) 2

(c) 3 (d) 1

ELECTRICAL ENGINEERING (EE)

Consider a 3 X 3 matrix A whose (i, j)th
element, a;; = (i — j)3. Then the matrix A will
be
(a) symmetric (b) skew-symmetric
(d) null

¢" denotes the exponential of a square matrix
A. Suppose A is an eigenvalue and

(c) unitary

v is the corresponding eigen-vector of matrix
A.
Consider the following two statements:

. ; A
Statement 1: ¢" is an eigenvalue of ¢".

Q. 25.

Q.27.

Q. 28.

Statement 2: v is an eigen-vector of e

Which one of the following options is correct?

(a) Statement 1 is true and statement 2 is
false.

(b) Statement 1 is false and statement 2 is
true.

(c) Both the statements are correct.

(d) Both the statements are false.

Let f(x)= J-; e'(t-1)(t-2)dt. Then f(x)
decreases in the interval

(@) x e (1,2)

(b) x € (2,3)

(c) xe(0,1)

(d) x € (0.5,1)

10 0
. Consider amatrix A={0 4 -2]|.
01 1

The matrix A satisfies the equation 6A™ = A
+ cA + dI, where ¢ and d are scalars and I is
the identity matrix.

Then (c + d) is equal to

(@ 5 (b) 17

(c) -6 (d) 11

Let, f(x, y, z) = 4x” + 7xy + 3xz”. The direction
in which the function f(x, y, z) increases most
rapidly at point P = (1, 0, 2) is

(@) 20i+77 (b) 20i+7]+12k
(d) 20i

Let R be a region in the first quadrant of
the xy plane enclosed by a closed curve C
considered in counter-clockwise direction.
Which of the following expressions does not
represent the area of the region R?

&
@ [Jdxy "

(©) <.f>C ydx

(c) 20i+21k

(b) §_xdy

(@) 2§ Gy -y
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Q. 29.

Q. 30.

Q. 31.

Q. 32.

Q. 33.

Let E(x, y,z)= 2x% +5yj+3zk . The value

of J‘”V(%'E)dv, where V is the volume

enclosed by the unit cube definedby0 <x <1,
0<sy<Tl,and0=z<1,is

@ 3 (b) 8
(c) 10 ) 5
COMPUTER SCIENCE (CS)

Consider the following two statements with
respect to the matrices A B C,x, and
D

mXn/ nxXm’ nxn

nxn*

Statement 1: tr(AB) = tr(BA)
Statement 2: tr(CD) = tr(DC)
where tr() represents the trace of a matrix.
Which one of the following holds?
(a) Statement 1 is correct and Statement 2 is
wrong.
(b) Statement 1 is wrong and Statement 2 is
correct.
(c) Both Statement 1 and Statement 2 are
correct.
(d) Both Statement 1 and Statement 2 are
wrong.

The number of arrangements of six identical
balls in three identical bins is

The value of the following limit is
T
xl—g}rl_ezﬁ
Consider solving the following system

of simultaneous equations using LU
decomposition.
X, +x,-2x, = 4
X, +3x,-x, =7
2x,+x,-5x, = 7
where L and U are denoted as
(L'll 0 O \ (Ul‘l U12 UIS\

L=LL21 L, OJ/ U=L0 Uy Uy
Ly Ly Ly 0 0 U

Which one of the following is the correct
combination of values for L;, , Us;, and x; ?

1
@) L,=2U;= _E/xl =-1

(b) L, =2, Uy =2,x =-1

(© L,= % U,=2,x=0
1 1
@, = —5 U ==5% =0
Q. 34. Which of the following is/are the

eigenvector(s) for the matrix given below?

(-9 -6 2 —4)

-8 6 -3 -1

20 15 8 5

32 21 7 12

@ (-1 (b) (1)
1 0

0 -1

1 0
(©) (-1 CUNSI
0 1

2 -3

2 0

Electronics Communication (EC)

Consider the two-dimensional vector field
F(x,y)=xi+yj, where ; and J denote the
unit vectors along the x-axis and the y-axis,
respectively. A contour C in the xy- plane,
as shown in the figure, is composed of two
horizontal lines connected at the two ends
by two semicircular arcs of unit radius. The
contour is traversed in the counter-clockwise
sense. The value of the closed path integral

SEF (x,y)~(dx7+ dy})

Q. 35.

is

(0,2)

A

(0,0 z (4,0) e
\
(@ 0 (b) 1
(c) 8 + 2= (d -1
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Q. 36.

Q. 37.

Q. 38.

Q. 39.

Consider a system of linear equations Ax = b,

where
S SN

This system of equations admits
(a) a unique solution for x

(b) infinitely many solutions for x
(c) no solutions for x

(d) exactly two solutions for x

Consider the following partial differential
equation (PDE)

*f(x,
(BN

where a and b are distinct positive real
numbers. Select the combination(s) of values
of the real parameters & and n such that

Flop)=e

is a solution of thegiven PDE.

1 1
® "
(b) &=—=,n=0

a
() £€=0,n=0

1 1

Consider the following wave equation,

2 2
ot Ox

Which of the given options is/are solution(s)
to the given wave equation?

@ flxt)=e " e
(®) f(x,t)=e " +05e"
© f(x,t)=e "™ +sin(x+100¢)
(d) f(x,t)= /00t | pio0s(iooss)

The bar graph shows the frequency of the
number of wickets taken in a match by a
bowler in her career. For example, in 17 of her
matches, the bowler has taken 5 wickets each.
The median number of wickets taken by the
bowler in a match is (rounded off to
one decimal place).

—(x+100¢)

(x-+1000¢)

25
20
17
[ | a -
4

3 5 6 8 9 10
Number of wickets in a me ltch

N 00

Q. 40.

Q. 41.

Q. 42.

Q. 43.

A simple closed path C in the complex plane
is shown in the figure. If

—
C Z —
where i = \/—_1 , then the value of A is
(rounded off to two decimal places).

dz =—inA,

Im(z)

( ' (0,0) (f,o)
C

The function f(x) = 8 log,x — x* + 3 attains its
minimum over the interval

[1,e]atx =

(Here log,x is the natural logarithm of x.)

(a) 2 (b) 1
() e

Re(z)

@ 1te 1+e

Let a, B be two non-zero real numbers
and v,, v, be two non-zero real vectors of
size 3 X 1. Suppose that v; and v, satisfy

olv, =0, viv, =1, and ©,0, =1 Let A be
the 3 X 3 matrix given by:
A =aw,0; +Bo,0, +
The eigenvalues of A are .
(b) O, +B,a—p

@ 0,0,
© 0,%P Gp (@ 0,0, Jai P

Consider the following series:

For which of the following combinations of ¢,
d values does this series converge?
@c=1,d=-1 (b)c=2d=1

() c=05d=-10 (d) c=1,d= -2
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Q. 44.

Q. 45.

Q. 46.

Q. 47.

Q. 48.

The value of the integral
_” 3(x2 +y° )dxdy,
D

where D is the shaded triangular region
shown in the diagram, is (rounded off to
the nearest integer).

(0,4)

...............................

(0,0)

(0, _4)

...............................

MECHANICAL ENGINEERING (ME) P1

The Fourier series expansion of x° in the
interval —1 < x < 1 with periodic continuation
has

(a) only sine terms

(b) only cosine terms

(c) both sine and cosine terms

(d) only sine terms and a non-zero constant

10 2k+5
3k-3 k+5

the value of k is
(@ 8

If A= |: :| is a symmetric matrix,
(b) 5

(d) 1+ \1/;561

(c) —0.4

The limit

. (x*+ax+2n®)
=lim| ————
i\ x —m+2sinx
has a finite value for a real a. The value of o
and the corresponding limit p are
(@A) a=-3n,andp=n
(b) o = —2m,and p = 27
(c) a=mandp=rn
(d) o =2m,and p = 3n

Solution of V*T = 0in a square domain (0 < x
<1land0 <y < 1) with boundary conditions:
Tx,00=xTO,y) =y, Tx,1) =1+ x T, y)
=1+yis

@ T, y) =x—xy +y

(b) T(c,y) =x +y

Q. 49.

Q. 52.

Q. 53.

() T, y) = —x+y
(d Tx,y) =x+xy +y

Given a function ¢ = %(xz +y° + zz) in three-

dimensional cartesian space, the value of the
surface integral

g{;ﬁsﬁ'v@ds,

where S is the surface of a sphere of unit
radius and 7 is the outward unit normal
vector on S, is
(a) 4rn

4n
(c) 3

(b) 3n
(d) 0

. The value of the integral

Sﬁ[ 6z jdz
2z —3z2° +722 -3z +5

evaluated over a counter-clockwise circular
contour in the complex plane enclosing only
the pole z = i, where i is the imaginary unit, is
@ (-1+in b) 1+in
() 20-i)= (d 2+i)n

. The system of linear equations in real (x, y)

given by

involves a real parameter o and has infinitely

many non-trivial solutions for special value(s)

of a.. Which one or more among the following

options is/are non-trivial solution(s) of (x, v)

for such special value(s) of a?

(@ x=2y=-2

(b) x=-1y=4

() x=1Ly=1

dx=4y=-2

Let a random variable X follow Poisson

distribution such that
Prob(X = 1) = Prob(X = 2).

The value of Prob(X = 3) is

off to 2 decimal places).

(round

Consider two vectors:

a=>51+7]+2k

a=>3i—]+6k
Magnitude of the component of a orthogonal
to b in the plane containing the vectors a
and bis (round off to 2 decimal
places).
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Q. 54.

Q. 55.

MECHANICAL ENGINEERING (ME) P2

Given f e Fdx = \/E
If a and b are positive integers, the value of
J"” e—a(x+b)z dx iS

—0

@ Jmu b) =
©) bma d) p |
a

Iff(x) =2In (\/e7 ), what is the area bounded
by f (x) for the interval [0, 2] on the x-axis?

@ L (b) 1
2

(0) 2 (d) 4

. F(t) is a periodic square wave function as

shown. It takes only two values, 4 and 0, and
stays at each of these values for 1 second
before changing. What is the constant term
in the Fourier series expansion of F(t)?

F(t)
S i 4 i i I P
1 1 1 I 1 1 I
I 1 1 I 1 I I
1 1 1 [} 1 I I
-3 -2 -1 0 1 2 3
t (seconds)
@1 (b) 2
(9 3 (d) 4
Q. 57. Consider a cube of unit edge length and sides

parallel to co-ordinate axes, with its centroid
at the point (1, 2, 3). The surface integral

J' F.4dA of a vector field F =3xi +5y}+6zl€
A

over the entire surface A of the cube is
(a) 14 (b) 27
(c) 28 (d) 31

. Consider the definite integral

2

I(4x2 +2x + 6)dx.
1

Let I, be the exact value of the integral. If the
same integral is estimated using Simpson’s
rule with 10 equal subintervals, the value is
L. The percentage error is defined as e = 100
x (I, = I)/1,. The value of e is

(a) 25 (b) 35
(c) 1.2 (d) 0

Q. 59.

Q. 60.

Q. 61.

A polynomial ¢(s)=a,5" +a, "'+ +a;s+a,
of degree " >3 with constant real coefficients
a,,8,_1,---8 has triple roots at s = —c . Which
one of the following conditions must be
satisfied?

(@) ¢(s)=0at all the three values of s

satisfying s’ +c° =0

2
(b) (p(s):O,d(P—(s)zo, anddL,gs)zoms:—c
ds s
2 4
(©) (p(s):O,%gs):O, andd(’%gs):Oats:—c
2
(d) ¢(s)=0,and d*o(s) =0ats=-o

SZ

For the exact differential equation,

du _ —xu
dx  2+x%u’

—xu?

which one of the following is the solution?
(a) u® + 2x* = constant
(b) xu* + u = constant

(c) %xzuz +2u = constant
1 _
(d) Eux +2x = constant

A manufacturing unit produces two products
P1 and P2. For each piece of P1 and P2, the
table below provides quantities of materials
M1, M2, and M3 required, and also the profit
earned. The maximum quantity available
per day for M1, M2 and M3 is also provided.
The maximum possible profit per day is
3

M1 | M2 | M3 | Profit per
piece )
P1 2 2 150
P2 3 1 2 100
Maximum quantity 70 | 50 | 40
available per day
(a) 5000 (b) 4000
(c) 3000 (d) 6000
Q. 62. A is a 35 real matrix of rank 2. For the set of

homogeneous equations AX = 0, where 0 is

a zero vector and X is a vector of unknown

variables, which of the following is/are true?

(a) The given set of equations will have a
unique solution.
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(b) The given set of equations will be satisfied

by a zero vector of appropriate size.

Q. 64.

(c) The given set of equations will have
infinitely many solutions.
(d) The given set of equations will have many

respectively, then |p| is

(in integer).

Givenz = x + iy, i = J=1. C is a circle of

radius 2 with the centre at the origin.

If the contour C is traversed anticlockwise,

i ] then the wvalue of the integral
but a finite number of solutions
Q. 63. If the sum and produgct of eigenvalues of % C(z—i)(lTéli)dZ is (round off to
a 2 X 2 real matrix Lﬂ Z} are 4 and -1 one decimal place).
Answer Key
Q. No. Answer Topic Name Chapter Name

1 (a) Formulation of PDE Partial Differential Equation
2 (a) Order and Degree Differential Equation

3 (a, 0 Eigen Value Matrix
4 [3.162] Iteration Method Numerical Analysis
5 [0.125] Coefficient Value Fourier Series

6 (a, b) Local Minima Maxima and Minima

7 [6.4] Euler's Method Numerical Analysis

8 [1.9] Straight Line Curve Fitting

9 (d) Complex Number Complex Number
10 (b) Matrix Matrix
11 (@) Differentiation Calculus
12 (@) Maxima and Minima Calculus
13 [1] Laplace Transform Integral Transform
14 [4.24] Directional Derivative Vector Differentiation
15 [192] Gauss Divergence Theorem Vector Integration
16 [0.875] Euler's Method, Trapezoidal Rule Numerical Analysis
17 (a, b) Eigenvalues Linear Algebra
18 [0.019] Probability Probability and Statistics
19 (b) Local Maxima and Minima Calculus
20 (a, b) Matrix Algebra Linear Algebra
21 (@) Indefinite Integrals Calculus
22 () Laplace Equation Partial Differential Equation
23 (b) Matrix Algebra Linear Algebra
24 () Eigenvalues and Eigenvectors Linear Algebra
25 (a) Increasing Decreasing Function Calculus
26 (a) Eigenvalues And Eigenvectors Linear Algebra
27 (b) Vector Calculus Calculus
28 () Vector Calculus Calculus
29 () Vector Calculus Calculus




ENGINEERING MATHEMATICS SOLVED PAPER - 2022

11

30 () Matrix Algebra Linear Algebra

31 [7] Probability Probability And Statistics

32 [-0.5] Limits Calculus

33 (d) LU Decomposition Linear Algebra

34 (a,c d) Eigenvalues And Eigenvectors Linear Algebra

35 (@) Vector Calculus Calculus

36 (c) Solution of Linear Equations Linear Algebra

37 (a, b) Partial Differential Equations Partial Differential Equations
38 (@ ¢) Wave Equations Partial Differential Equations
39 [4] Median Probability And Statistics

40 [0.5] Cauchy’s Integral Formula Complex Analysis

41 (b) Absolute Maximum And Minimum Calculus

42 (a) Eigenvalues And Eigenvectors Linear Algebra

43 (b, d) Convergence Tests Complex Analysis

44 [512] Multiple Integrals Calculus

45 (a) Ezt;zlti r’?eries for Even and Odd Fourier Series

46 @) Symmetric Matrix Matrix

47 (@) Limits Limits and Continuity

48 (b) Boundary Value Problems Partial Differential Equations
49 (a) Gauss Divergence Theorem Application of Vectors Calculus
50 (@) Residues Theorem Complex Number

51 (a, b) Solution of Linear Equations Matrix

52 [0.18] Poisson Distribution Probability Distributions

53 [8.32] Orthogonal Vectors Vectors

54 (b) Beta and Gamma Functions Definite Integral

55 (c) Area Bounded Definite Integral

56 (b) Value of Constant Fourier Series

57 (@) Application of Vectors Vector Calculus

58 (b) Error and Approximation Numerical Analysis

59 (b) Maxima and Minima Differential Calculus

60 (c) Exact Differential Equation Differential Equation

61 (b) Graphical Method Linear Programming

62 (b, c) Homogeneous Equations Matrix

63 [2] Eigenvalues and Eigenvectors Matrix

64 [0.2] Residues Theorem Complex Number
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ANSWERS WITH EXPLANATIONS

CIVIL ENGINEERING (CE) P1 3. Options (a, c) are correct.
1. Option (a) is correct. Given, pp— F 3}
z = sin (y + i) + cos (y — it) ...(0) 4 2
z = f (y, t) then Differentiating partially with Then, M* =M x M
respect to t both sides, _
P 1 3|1 3
z . N e ) =
E:zcos(yﬂt)ﬂsm(y—zt) 4 2114 2
Again differentiate M3 9]
2 =
—ZZ = sin(y +it) —i? cos(y —it) |12 16
ot 3 )
. . ) . M’ =M"xM
=sin (y + it) +cos (y —it)  ...(ii) ] ]
Partial differentiate with respect to y both sides, 1139 {1 3} B [49 57}
S—Z = cos(y +it) —sin(y —it) 12 1e][4 2 76 68
Yy
o _ . Q=M>-4M?*-2M
Again differentiate partially
) . {49 57} ~ [52 36} B {2 6}
2—§ = —sin(y +it) — cos(y —it) 76 68| |48 64| |8 4
Yy
= —[sin(y +it)+cos(y —it)]  ...(iii) _ |49 57| |54 42| |5 15
From (ii) and (iii), we have 76 681 156 68| 120 0O
Fz_ oz s 15
oy* ot Eigenvalue = A-M|=0 | =0
20 A
oz 0%z B
WJr@?_O = (-5-A)(-1)-15x20=0
2. Option (a) is correct. = 5h+1*=300=0
It is an ordinary differential equation. - A2 +50-300=0
3
4’ dy)2 2 — 15— 300 =
_zmzy:_x(d_yjz = 22+20%-154-300 =0
dx x = A% +20)-15(%+20)=0

As squaring both sides, we get L (—15)(h+20)=0 . a=15,-20

(dgy 9 \? > dy ’
L_3+ x*y J =x*| =L Another method
dx dx
Given A; =5 A, =-2
d’y ’ dy dy ¥ 3 2
— +x4y2+2.x2y—=x2 — Q=M -4M"-2M
dx’ dx’ dx

Qi =(5)° —4(5)* -2x5
Order is 3 and degree is 2
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=125-100-10 =15
Qhy = (-2)° - 4(-2)* -2x(-2)
=-8-16+4=-20
Correct ans (a) and (c)

4. Correct answer is [3.162].

Given, x; = 1 Initial Value

If P=10
1 10
Y1 =75 xn+z ...(0)
Put n=1

%, :l(xl+m} :1[1+Ej Y
2\ ) U

2
n=2

= —sz 10\ _1 [5 5+ ;(;] 3.6590
Xy .

n=3
X5+ 10\ L [3 659 + 10 ] =3.1959
L X5 3.659

n=4

:l{ Xy +— 10\ L [3 196 + 10 j =3.162

Xy 3.196
Hence, at P = 10 the numerical value of
Another method

When X = X1 = Xn =0

=)
0==|o+—
2 ©

(0* +P)

o0

j— 2(1):

= 2002 = 0 + P

02 -P=0 = =P = w=+P

AtP=10
o =+/10 = 3.162
5. Correct answer is [0.125].
2
a4 2.2 | 1+cos2x
f(x)=cos™ x [COS x} {—2 }

= %[1 +c0s% 2x + 2€os ZxJ

4

1 [1+M+2c052x}

1 |[1+cosd4x 1
+| ———+—cos2x
8 2

1 1 cosd4x 1
+ +Ec052x

f(x) :§+Ocosx +%COSZX+OCOS3X
1
+§cos4x +0cos5x +

Coefficient of
f(4) +f5) ==+0= 8 =0.125

Options (a, b) are correct.

For finding intersection point
3—x=x-1
Atx=2
s0, 3 —x and x — 1 intersects at x = 2

3—-x x<2
f(x)=<x-1 x>2
1 x=2

Check for continuity
f@27)=f(2")=f(2)
It is continuous in its domain
Check for differentiability

-1 x<2
f(x)z{1

x>2

It is not differentiable. For maxima and minima

3-x
x_
- +
2 2

It has local minima at x = 2
Correct answer is [6.4].

We have by Euler's method
Yt = Ynanf (s Yn) (i)
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Put n=0 3
=2°(2) =2°(-1)’ =20 =-64
Y1 = Yo +f(x0, Yo)
At x =x+a 10. Option (b) is correct.
=1+02=12 x 13
i =3+ 02f(1,3) =3 + 02 [4(1+2)-3] [Al=0 =1y 2 6/=0
Y =3+02[9] =3+ 18 =48 357
Put n=1 R, >R, —2R,
Yo =y + hf (xy, pp) .. (i) R; - R; -5R,
=12+02 y-2x 0 0]=0
=14 3-5¢ 0 -8
Yy, = 48 + 02 (1.2, 4.8)
= 48 + 0.2[4(1.2+2) — 48] = x(0-0)-1[-8(y-2x)-0]+3(0-0)=0
=48+ 02[12.8—4.8] = 8y—16x=0
Hence,y = 6.4atx =14 y=2x=
8. Correct answer is [1.9]. y=t=2x=
y = a + bx straight line ...(4) Yy
. o 5 =X = t(say)
Normal equation of straight line 2
3y =an+bsx (where 1 = 4)...(ii) ; %:t = y=2tandx =t
> xy =aZx+bix’ ... (iii) Ordered pairis (x, y) = (1, 2)
Givena = 6.1 11. Option (a) is correct.
2 —X| -X
X y X Yy f(x)= e‘ . e , xisreal value
5 16 25 80
2 10 04 20 x| = —x x<0
4 13 16 52 x x>0
3 12 9 36 ff N
Differentiate with respect to x
Sx=14 | Zy=51 | 5,2 _54 |Zxy=188 p
df  -x
51 = 4a + 14b ....(i) e ©
188 = 14a + 54b .. (i) " 1
©a=6.1, from (ii) At x = -1 put (E) =-le" =—¢
51 =4 x 6.1+ 14b ) ) abx=-1
— 51 =244 + 14b 12. Option (a) is correct.
= 14b =51-24.4 =26.6 flx)=x%"
b 26.6 _ 19 The necessary condition for maxima and
14 maxima
Chemical Engineering (CH) Y _0ie fix)=0 )
9. Option (d) is correct. dx

1+ =[(1+1)*1° =[(A+i* +20)]°
=[1-1+2i]° [i* =-1]

= (2i)° =2%4¢

= % = f'(x)=x° '(—efx)ﬂfx cex®!

L f)=0 o X e

et e'x
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13.

—x°  —ext e
=>1=—
e e*x X

Correct answer is [1].

Given partial differential equation
u_12%u ()
S

Whenu =u (x, t)

We have by Laplace transform
Lif(t)} = F(S)
L{u(x, t)} =

Taking Laplace Transform both sides

oul 1. |d%u
O ke G ) il
{at} n? {axz}

—_— 2_
su(x, s)—u(x,0) = izﬂ

u(x,s)=u

2
1 d*u -
————su=-u(x, 0)=—sin zx
7% dx* (= 0)
2_ —_—
.'.d—u—nzsu =—msin mx ...(ii)
dx*
This is second order ordinary differential
equations.
CS=CE+PI

(D? = n%s)u = - sin mx

CF= cle““/gx + cze*’“/gx
—T sin X

ST D% = 42 — _2
D® —n“s

PI=

1 sin mtx
T (s+1)

—msin Tx

—7'l?2 TCZS

u=C-F+P-I=cpe */—+c2 T“/;+lm
n (s+1)

... (i)

To evaluate c;, ¢, we are given that
given condition u(0,¢) = 0, u(1,t)=0.
= L{u0,)}=0 and L{u(, t)}=0

= u(0,5)=0 and u(l,s)=0

1 s1n1tx
i (s +1)

TE\/;X+CZe—T[\/gX + =

.. (i)

a(x, s)=cq€

u(0,5)=0
mfxo efm/;XO

Put x=0

0=cqe

..(iv)

14.

cg+c, =0
Put x=1  u(1,8)=0
0= cle”\/; + cze"“/g +%(S::—f)
o™ 4oy =0 (V)

From (iv) and (v)

b_l(x-S) lsmrrx
n (s+1)

Taking L™ both sides
= {ﬂ(x : s)} = %sin nx L7 {H%}

1. -
u(x-t) = —sinmre
T

Given that
{34

1. =« —t

—Sin-—e

i3 2 _1
e

1. =
~sin—e¢°

DN | =

1
(4

=
N | =

et 1

e
1
el e

= t=1

Correct answer is [4.24].

We have by the directional derivative of f at the
point (1, 1, 1) in the direction of v =7 —k is

%:gradf-z; (1)
grad f= Vf= [Sf 8£ \

gradf = (Sxf + 4y}' + Zzlz) at point (1,1, 1)

(grad f) 1, 1) = 8i+4]+2k

~

Direction vector v =i-0j—
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15.

16.

—_ ~

v 1—0] k z—k .
H \/F 7 ...(ii)

Directional derivative of f

A ~

af [ o~ oo [i-k) 8-2 6
—=(8i+4j+2k)| —=|=—F7=—F
el LA A v
af 6
—=-—==3J2 = 424
ds 2 V2
Correct answer is [192].
J-J- (2x§+3y}'+4zi( ﬁc;s
s 4n

We have by Gauss Divergence Theorem,
Relation between surface volume integral and
volume integral

HSF.ﬁd\F” vdideU

where I_j — w
47

= 1 ¢ep (0 d IR
= .”LVFdv:E”_’ivk&(zx)+@(3y)+§(4zy do
_ %jﬂ (2+3+4)do
T 0

1 9
= EX 9% ” vdv =1 volume of sphere.

9 4

= — X —

n(4)’ =64x3=192
s

Hence, _[ L (W} nds=192

Correct answer is [0.857].
Given differential equation

dy

dx
Initial condition y(0) = 1, = 0.5
Givenx; =x,+h=0+0.5=0.5
By Implicit Euler Method

V1= Yo + hflxy, y1)

(?'5 dy = J‘s's (xy? + 2y + x —4.5)dx

=xy® +2y+x—4.5

17.

y(05)—y (0) = J, (o +2y+x-45)dx

0 0.5
-2.5 2

x
fx)
By Trapezoidal Rule

h
y(05) = YO+ [fxo, yo)+ f(x1, 11)]

1+0—25[ -2.5+2]

0.5
1+—x(-0.5
> x(-05)

= 1—%=Z—0.875
2 8
CIVIL ENGINEERING (CE) P2
Option (a, b) are correct.
T
Ya
Let ¥=|Y3
L Y2022 Jp022x1

Then yT :[3/1 Y2 Y3 y2022]1X2022

ylz YiYa Y1l

Y1Ys3
Yol y% Yal3 YaYoox
WT =| Y3l .
.. 2
| Y2021 © Y

T _
For ¥ =I2;]a02x2022

Clearly z; = z; for all i,j of the matrix so
ny is symmetric matrix

Option (a) — True

Now ¥y =[yf + 13 + 5+t Yomlia  ...()
Let A be eigen value of yy'. Then

(vy") x=1x

Then y"y(y"x) = My"x) (pre multiplying by ")
(v'yu=2  for yx=u

So eigenvalue of yy' is same as y'y and from
(i) as yTy is (1x1) the matrix is scalar and eigen
value for itself.

Hence yTy is one of the eigen value of ny, and
other eigen values are zero for ny
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18.

19.

Option (b) — TRUE

Also rank of ny = rank of y = rank of yT
=1
Option (c) — False

-+ Y is a non-zero column matrix

As rank of ny is less than 2022, it is a singular
matrix which makes it non-invertible.

Option (d) — False

Correct answer is [0.019].

Experiment: pair of six faced dice is rolled thrice
n(S) =6 X 6 =236

Event: sum of the outcome is 4
E=1{(13),31)(22)}
n(E) =3

For success

n(E)

pZP(E)ZTS)

3 1

T3 12
For failure

1 11
AT
P(exactly two of the three attempts the sum is
4)

*Cp’q

2
(%) B

= 0.019
Option (b) is correct.
For f(x)= x®—6x* +11x -6
f'(x)=3x* —12x +11
f"(x)=6x-12

Here f(1)=1°-6(1)* +11(1)-6
f)=0

f(3)=3>-6(3)* +11(3)-6

f3) =0

so, x = 1, x = 3 are zeros of f(x)
Statement I - True

For stationary point
f'(x)=0
3x* —12x+11=0

20.

21.

124412
2(3)
1 . s
x:2i—3 both lies within [1, 3]
5)-o2+5)
"2+—=|=6|2+—|-12
il 7 5

1
"2+—1[>0
f( \EJ
So x=2+ L ini
0 X =2+—= is a minima
V3

Statement (IV) true

1 1
"2-—|=6|2—-—|-12
oL
f[z ﬁj<0

So x= Z_ﬁ is a maxima

Statement (I) is true
Also for f”(x) = 6x -12
Forf”(x) =0
= 6x-12=0
= x=2

f"(x)<0 forx <2
f7(x) > 0forx > 2
Statement (III) is false
Options (a, b) are correct.

If P and Q are two non-singular or invertible
matrix, then by matrix inverse property

(PQy! =Q'P!

And (QP)' =P'Q"!
Also for singular matrices P and Q, PQ will also
be singular

Option (d) is false

Option (a) is correct.

2 3 4
Aslog (1+x)=x- 42 4
g (1+x)=x >t 32

( 2 3 4
=[x -2 o dx
72 i)
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22,

23.

= Ilog(l +x)dx

Forl+x=u
dx = du

Izjlogu du

= logu-J.du —J[%(J‘du)j du
= logu'jdu—j(%(jdu)j du

= logu- u—jl-udu
u

by parts

by parts

= ulogu-— j du

=ulogu-u

= u(logu-1)

I=(1+x) {log(+x)-1}
(Substituting back u=1+x)

Option (c) is correct.
For f (x, y) satisfying Laplace equation

i R

o’ o
Or in polar coordinates

S +1fr +i2fee =0

r r

For the boundary condition with r = 3,
0<6<2n

fx,y)=3

This is possible only if f(x, y) is a constant
function.

So, flx,y)=3
And f(0,0) =3

ELECTRICAL ENGINEERING (EE)

Option (b) is correct.
all a]Z al3
Given A, ,=|a, 4, 4, | withthe condition

a31 [132 a33

a, =(i-j)
[(1-1¢ @-29° @1-3y
A=|(2-1° (2-2)° (2-3)°
_(3—1)3 (3—2)3 (3—3)3
[0 (-1 (-2
A=|1" 0 (-1
_23 13

24.

25.

0 -1 -8
A=1 0 -1
8§ 1 0

With a;; = —a;; for all values of i & jin Az, itis a
skew-symmetric matrix.
Option (c) is correct.

For exponential of square matrix A

Now with A eigenvalue v eigenvector for A

Av=>\v

Then A%v = A(A U) =A-AMv=AAv= k(?xU) =A%
Similarly A"v=A"v
2 3

So, e*v=0v+Av+—0v+—0+--
2! 3!

2 3
=0+A0+—0+—0+
21 3!
efv=e" v ()
As we know if v is an eigenvector for an

eigenvalue & then e*v=¢"v

N .
Hence from (i) ¢ is eigenvalue and v is
. A
eigenvector fore".

Option (a) is correct.
Let g(t)=¢'(t-1)(t-2),
Clearly g(t) is continuous in open interval.

By second fundamental theorem of calculus

For f(x)= jo" g(t) dt
We get f'(x) = g(x)
fr)y=e (x=1)(x-2)

Now for f(x) to decrease in an interval
f'(x)<0
ie e'(x-1)(x-2)<0
= (x-1)(x-2)<0 -+ e" > 0forall x.
It's clear for (x - 1) (x-2) <0
x e(1,2)

So, f(x) decreases in interval (1, 2).
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26.

27.

28.

Option (a) is correct.

For given matrix A, the characteristic equation
is given

|A-AI| =0

1-» 0 0
=0 4-1n -21=0

0 1 1-2
= (1-A 0

( >\ . k\
= ([1-){E-2)1-1)-(-2)D)} =
= (1—%){x2—5x+4+z}=0
= (1-2)(A>=51+6)=0
= A2 -5L+6-A*+502—61=0
= B -6M2+11A-6=0

So, by Clayley-Hamilton Theorem, we have
A’+6A%+11A-6=0
= A’+6A’+11A=6 ()
As itis given
6A™ = A’ +cA+dl
= 6=A’+cA*+dA ..(ii)
[On multiplying by matrix A on both sides.]
Comparing (i) & (ii)
c=-6,d=11
ct+d=-6+11=5
Option (b) is correct.

As we know gradient of a scalar field function,
points in the direction of greatest increase of
function. This direction is steepest ascent.

Vf—%l+—f}+é

Vf = (8x +7y+32%)i +7x] + 6xzk

Putting (1, 0, 2)
(Vf), =(8x1+7x0+3x2)i+7x1j+6x1x2k

(Vf), = 20i +7]+12k

So, (20i+ 7}' +12k) is the direction in which
f (x, y, z) increases most rapidly at P (1, 0, 2).

Option (c) is correct.

As we know ”f(x,y)dA for f(x,y) =1 becomes
R

J‘]{" dx dy

" dA = dxdyin cartesian plane

= Area of the bounded region R.

Option (a) is true

As per Green's theorem

dQ dP
iSPdHQ dy =E(E_Ej‘m

For (_]Sxdywitth 0, Q=x
C

ngd ”(d—x—@]dzx =jRjdA

= Area of the bounded region R.
Option (b) is true
For(j)ydx withP=y,Q =0

C

L [ S

= —(Area of the bounded region R)
Option (c) is false

1
For E{I.D(xd]/—ydx) withP=-y, Q=x
C

%(fp(xdy—ydx) J-J‘(dx d( y)\\

- %Lf(l-(-l))dA:LjdA

= Area of the bounded region R.
Option (d) is true
29. Option (c) is correct.
V4

al (0,0,1) D

E
(1,1, 1)

cl©,1,0
© Y

0,1, 1)

F
1,0,1)

B(1,1,0)

For E =2x% + 5y +3zk

vE_de d5y+@
dx dy dz
=4x+5+3

- VE=4x+8
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30.

31.

32.

[ V-Edv:j j J£(4x+8)dxdydz

z=0 y=0 x=0

j ([sz + SxJ‘:)dy dz
0 y=0

I
| e— i —

1
[ 10dydz
y=0

z=0

10 j (1y1;) =

S0, '['V”(V-E)dv =10

COMPUTER SCIENCE (CS)

Option (c) is correct.

For any two real or complex matrices
Pm X n/ Qn Xm

Trace (PQ) = Trace (QP)

On this basis tr (AB) = tr (BA)

tr (CD) = tr (DC)

So both the statements are correct.
Correct answer is [7].

Here all six balls are identical and all three bins
are also identical

So total number of arrangements is only about
grouping these six balls in different count. This
could be

(6/ Or O)r (51 1/ O)r (4r 1/ 1)/ (4r 2'/ O)/ (3/ 3/ 0)/ (3/ 1/ 2)/
22,2),

So possibly 7 different arrangements.

Correct answer is [-0.5].

. 0 .0
For x - 0" function takes ——i.e — form

1-1
So applying L Hospital rule
11
lm 2V gy Lk
x—0" 1 1 L5 x—0" 2
0-2-—-—=e
2 Jx

o5
2

33. Option (d) is correct.

For given set of simultaneous equation

31 32

Ax=B
1 1 -2 1 0 Ofluy up
For A=|1 3 -1|= l21 1 0} 0 wuy
2 1 -5 .1 1( 0 0

By Guess elimination method for A

R, >R, -1R,
11 -2
02 1

2 1 -5
R, - R, —2R,
11 =2
0 2 1
0 -1 -1

R; >R, —(%} R,

-2
0 2 -1

1
So U=

Similarly, L =

As Ax=B
= LUx=b
= Ly=0b for

Ux =y

. lzl = 1
. l31 = 2
vt Ly =-1

Uz
Uns
Usz
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34.

0 0
1 1 0

~

W
Yo |=|7
_1 7
2 — 1|LYs
2

By forward substitution

yi=4y=3 %"~
Again
11 2||x 4
0 2 1||x,|=|3
00 2|lsl |1
2 2
By back substitution
x;=-1
X, =2
x =0
-1 -1

So L, =——,Usps =—,x; =0
2T 5 TN

Options (a, ¢, d) are correct.
Let the given matrix be A, then we know
Ax =)x where A = eigenvalue and
X = eigenvector
Option (a)
-9 6 2 —4||-1
-8 6 -3 -1||1

Ax =
20 15 8 5 0
32 21 7 12 1
-1 -1
1
= =1
0
1 1

Ax=2Xx withi=1
Option (b)
-9 -6 2 4| |-1
-8 6 -3 -1||0
Ax =
20 15 8 5 |-1
32 21 7 12)|0

35.

= is not equal to Ax for any real value

-7
-5
12
25
Option (c)
-9 -6
-8 -6
Ax =
20 15
32 21
-3 -1
0 0
= =3
6 2
6 2

-2
-3
8

Ax=xx withA =3

Option (d)

-9 -6
-8 -6
Ax =
20 15
32 21
0
3 1
= = 3
-9 -3
0 0

-2
-3
8

Ax=2Xx withA=3

Electronics Communication (EC)

Option (a) is correct.

For the given F(x,y)=xi+y]

P=xQ=y

By Green'’s theorem

C.")F(x y)(dxz +dy]) ”[——d—Iy)J dx dy

-1
5
12

-1
5
12



88

Oswaal GATE Year-wise Solved Papers ENGINEERING MATHEMATICS

36.

37.

Alternative:
For F(x,y) = xi+ y}'

2 2
F(x,y) = % + y? could be potential fuction

L df - df ~
So that F :—fi +—f j, which makes the field
dx dy

conservative

GF(dxi+dyj)=0
C

Option (c) is correct.
For system of linear equation Ax = b
[A|b] will be
1 2 3 i1
L 2 -3 3]

For rank of A -~ Row 1 = —-Row 2

The rows are linearly dependent.
rank A =1

For rank of [A|b], second order minor

1
=3x1-(-1)1=4=0
-1 3

rank of [A|b] = 2
So, we have rank of A # rank of [A|Db]

Hence system of linear equation has no solution
for x.

Options (a, b) are correct.
For given f(x,y)=e~""
6f (&+ny)
——=C-e
ox s

2
o°f = g2 el
ox?

Also, g ne&m
oy

ﬂ — nZ e(éxmy)
ayz
For given PDE
L&) T f(y)
2 2 -
0x oy

f(x,y)

= g &2 &) 4 nze(ﬁﬁny) = &)
e e ()

This is a general equation of ellipse.

= af&+bn’ =1

38.

g’ . n’ __
)

Both option (a) and (b) satisfies this equation.

Options (a, c) are correct.
Option (a) : f(x,t)= (10007 o (xsl00n?

azg(i’t) — ¥ +200x-10000° (=2 +200¢)
X

) e—xz +200 £x~10000£> ~x%-200£x-10000£

+e

(_zx _ 20002 _ Ze—xz—ZOOtx—wOOOtZ

2
% = I (220000¢ + 200x)°
-20000e™* 2.+200x¢-10000*
o R0INNE (90000¢ - 200x)?
—20000¢* ~200xt-10000¢*
. . aZf azf . .
Substituting the values of = and - in given

equation, we get

S F01) _ 100008 FO)
tZ

ox?
Option (a) is satisfied
Option (b): f(x, )= " 4 0.5¢ ¢

32f(x,t) — o0 () 51000t
ox* '

2
B iCTY f; (5 _ 100006 + 5000006 ™
X

- ’f
Substituting the values of —and o I

given equation, we get
2 2
TIED 10000 7L

ot ox*

.. Option (b) is not satisfied
Option (c): f(x,t)=e "™ +sin(x +100¢)

O f(x,t
% =e """ —sin(x +100t)

2
t . .
% =10000¢™*"™" —10000sin(x + 100¢)

2 2
8_]2‘ and ﬂ in

Substituting the values of >
Ox ot

given equation, we get
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2 2
t ox
Option (c) is satisfied

Option (d) f(X, t) — eleOn(—lOOxH) +ej100n(100x+t)

azf(x, t) _ 1000“2].20(%37{,100(—100x+f) +100072 200" 100(100x +t)

e
ox* J
62f(325,t) _ nzjzg()enl 100(-100x+1) nzjz()genjl()U(lUOxH)
ot
o o o
Substituting the values of 3 J: and a—t{
X

given equation, we get
2 2
ot Ox
.. Option (d) is not satisfied.

39. Correct answer is [4].

Total number of matches played is given by

sum of the frequency

N=>f
=5+7+8+25+20+17+8+4+3+2+1
N = 100 {even value}

No. of Frequency | Cumulative
wickets Frequency
0 5 5

1 12

2 20

3 25 45

4 20 65

5 17 82

6 8 90

7 4 94

8 3 97

9 2 99

10 1 100

For N being even

th th
1\; term + (% + 1) term}

Median = 1{
2

= %(50th term + 51* term)

:%{4+q

40.

41.

Correct answer is [0.5].

z

2
For g(z)= =1 we have polesatz=1,z=-1

Here z = 1 lies outsides the contour and z = -1

lies inside the contour.

z

S0, f(2) = ——

within C.

is analytical in C and z, = -1 lies

By Cauchy’s Integral formula
¢4ﬂfldz=2nif@0)
z-2z,

= ¢ ?1 dz = 2mi f(-1)

z—(-1)

Given gS 2

ZZ

dz=—i A

1

—iTEA=—iTE'l
2

1
Hence, A= 5= 0.5

Option (b) is correct. logex
For f(x)=8log, x—x*+3

_8

fi(x)=—-2x+0,

x
f(x) is not defined at x = 0, which is not in [1,e]

For f'(x) = 0,

§—2x=0
X

= 8=2:
= 4=
orx==2

x=-2isnotin[l,¢e),x =2isin[1,e]
Checking f (x) at end points and critical points
with [1, e]
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fd)y=8log,1-1*+3=2
f(e)=8log,e—¢®+3 =361
f(2) = 8log,2-2% + 3 = 4.54
Here, f(x) =
42. Option (a) is correct.
a d
Let v, =|b|, v,=|e
¢ f
d
Loy =[a boc]le |=ad+be+cf
f

(given)

ad+be+cf =0 (i)

2 is minimum at x = 1.

T —_—
v, v,=0

a
Now, v,".v, =[d e f]|b|=da+eb+fc
c
v, v, =0 [from (i)]
Given, A =q (A z)lT + B’Uz 'UZT (11)
Then Av, =o' v, +B 0,0, v,
(post multiplication by v;)
T T
= Av =av, (v, v;)+Bv,(0, v;)
= Av, =av, {o]v, =1, v)v, =0}
So a is an eigenvalue with v; as eigenvector.
Again A = q0,0, +Bv, -0,
Av, =a.v,0,v, +B0, -0, -0V,
(Post multiplication by v,)

Av, = ocvl(vlTvz)+sz(vavz)

Av, =Bv,
So, B is an eigenvalue with v, as eigenvector.

Also A will be a singular matrix so, zero could
be an eigenvalue.

43. Options (b, d) are correct.
d

= n
For series Z—n

n=1
@c=1d=-1

Series % n'
; 1)1

Z_

n=1M1

is of the form Zip with p <1, therefore
series diverges. "
b)) c=2d=1

Series Z—

Ratio test

p=lLm

n—»00

n+1
n
a

(n+l)'g

= hm 2n+l

n—»o0

1lm
2 n—ow

n+1

n

p :% with 0 = p < 1, the series converges.
() c=05d=-10

0 2"

n=1

Ratio test

n+l

p=1lm

n—m n

a

2n+1 nl(]

(n+ 1)10 2"

10
_n
(n+1j

=lim

n—>m

=2lim

n—o

p=2
With p = 2, the series diverges.
(d)c=1,d==2
o > 1
Series =) —
Z ln zl 2

is of the form Zn_ with p > 1, therefore
l n

series converges.
44. Correct answer is [512].

For the given triangular region
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y
44
©,4)
L%
3
©,0) *
x=0 "4\\ x=4
\.+
(0,-4)
(4,-4)

1= 3?4 VJ:.X (x* +y*)dydx

x=0 y=-x

=512
MECHANICAL ENGINEERING (ME) P1
45. Option (a) is correct.

Given f(x) = x* (odd function) -1 < x < 1

f2) = (x)° = = = f(x)

f(=x) = - f(x)
We have by Fourier series for odd function
la, =0| |a, =0] b, =7|

f(x)= Z b, sinmmnx
n=1

fuf(x)dx = Zjoaf(x)dx

if f(x)is even function

T pae—o

if f(x)is odd function

Only sine terms are present.

46.

47.

Option (a) is correct.
Symmetric Matrix:

If a square matrix A is said to be Symmetric
Matrix

IfAT=A |AT = Transpose of A|

Given | 10 2k+5
Ve B=13k_3 k45
[ 10 3k-3

= A =
2%k+5 k+5

From equation (i)

Al =A
10 3k-3] [ 10 2k+5
2k+5 k+5| |3k-3 k+5

Equating elements of both matrices, we get

3k-3=2k+5
3k-2k=5+3
k=8

Option (a) is correct.

{xz +ocx+2n2}

Given p=lm .
X—Tm+2sinx

X—>n

For x = =, the denominator becomes zero, thus
for p to have a finite value. The numerator must

also be zero for x = nt
At x=1 +an+21°=0
= on+3n°=0

= on=-31 Soo=-3m

Now,

=lim

X—>T

x? =3nx +21°
xX—m+2sinx

[%} Indeterminant form

By LHospital Rule.
. 2x -37 2n—-37 -7
p=lm = = =T
xor| 14+2cosx | 1+2cosm 1-2
Thus, p=n
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48. Option (b) is correct. where Residue]_, = lim(z—i)f(z)
Option (a) T(x,1)=x-x+1=1#1+x

6z

‘ lim(z—i
Option (b) T(x,y)=x+y }g}(z l)2z4—323+7zz—32+5
T(x,1)=x+1 satisfy 2 )

. ~ lim 6z° —6zi [9 form}.
Option (c) T(x,y)=—-x+y =i 2z —=32° +722 -32z+5 [0
T(x,1) = —x+1 not satisfy By LHospital Rule
Option (d) T(x,y) =x+xy+y - hm{ 122 —6i } _ 12i-6i
T(x,1)=x+x+1=2x+1#1+x not satisfy =082 92" +14z -3 8i° —9i* +14i -3

49. Option (a) is correct. 61 _ 6i
8(—i)—9(-1)+14i -3 —8i+9+14i-3

Given, ¢ zl(x2 +y*+2%)
2 6i _ i

T 6460 i+l

= opr 0P~ OO ~ 1/ = . R
Vo=—i+—]+— k==(2xi+2yj+2zk
i ox 8]/] 0z 2( My e ) ] 45 6z dz

2z —32° +722 —3z+5

:Zni( i j_2n(—1): —2m(i—1)

VoorityjikoF

We have by Gauss Divergence Theorem i+1) (@+1) (@+D)x(@i-1)
§p,n-Vods =[] div.Fav =[[[ V.Fav _ 2n(i-1) _ 2m(i-1)
-1 -1-1

= va V.VedV = HIV V(x? + y}' + zlz)dV

__2ni-1) _ x(i—1)
= [[[ a+1+1av =3[[[ 14V =3x Volume  of -2
sphere  51. Options (a, b) are correct.
4 For Non-Trivial solution, |[A| =0
= 3x=n(l)’=4n
3 2 5-2a
o

=0 = 2-a(5-20)=0

Here V is the closed region bounded by the

surface S. S is the surface area of sphere of unit
radius = 2-50+20’ =0 =20’ -50+2=0

50. Option (a) is correct. = 20" —40-a+2=0 =2a(a-2)-1(a-2)=0

Let f(z)=2z" -3z +7z" -3z+5 = (@-2)2a-1)=0 - a=2,a=1

Here, f(i)=2i" —3i° +7i% ~3i+5 . 2
= 2(1)=3(=i)+7(<1)=3i +5 Fora =2, A{z J
=243i-7-3i+5

2 1
Thus, [x y]{2 1}:[O,O]
=0

z = iis a singular point Xty =0=>x+y=0=>x=-y
62 Option (a) satisfy this condition.

dz
Thus, qaZz“—3z3+7zz—32+5 2 4

For o(:l A=
2

=2mi [| residue]|,_ | 1

1
2
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52.

53.

2 4
Thus, [x y]| 1
2

1 =[0, 0]

2x+%y:0 and4x + 1y =0

-1
=x="Y
Thus, y = -4x
Correct answer is [0.18].
GiventhatP(X =1) =P (X = 2)
We have by poison distribution

—m r

e"-m
7!

p(r) = wherer =0,1,2,3...

PX=1)=P(X=2)

e"m _e"m’
ROET
2
m
= = = m* =2m

n
1

= m-2m=0 = m(m-2)=0 =>m=0,2
Thus, m = 2 (Because m cannot be zero)

P(xzs):% 8

=—¢2=0.18
6

Correct answer is [8.32].

Given ;= 5i+7]+2k

b=23i—]+6k

S

a
Magnitude of a orthogonal to b in place of a
and b =|a||sin6|

We have

cos0 =

_ 5x3+7x-1+2x6 20

J78Ja6 786

cos0

54.

55.

56.

cosO = = 0=70.495°

20
V78 46

la]sin6 | = |V78 sin(70.495°)

=832
MECHANICAL ENGINEERING (ME) P2

Option (b) is correct.

Given that [~ e dx =+/x ..(0)

Find the value of [~ ¢ dx

0 " 2
we have I a0 gy

Ietx/E(x+b):t

= Jadx=dt
dt
dx=—
Ja
Thus, Jm et At = 1 j " ¢4t from equation (i)
o \/E \/E -

Lz
= —A/TT —
Ja
* en(x+b)zdx:\/£
e a

Option (c) is correct.

Sk

Given, f(x)=2log(e*)= % x 21og(e")

We have, area bounded by f(x) with in the

interval [0, 2] on x-axis.

f(x)=xlog,e=x

> = Prane| 2|
Therefore, jo f(x) x—jox X = > 0

RS I |
2 2

Option (b) is correct.

We have Fourier Series Expansion

ft)= a?o+ ZLZ,, cosnt + b, sinnt (i)
n=1



94

Oswaal GATE Year-wise Solved Papers ENGINEERING MATHEMATICS

57.

58.

. . . ..a
Constant term in Fourier Series is E" .

12 1¢2
where 4, = 7j0 fitydt = [ fwya

where [ = 1 and period [0, 2]

12
a, :I-[U f()dt= 1 x Area under the curve
with in [0, 2]
= 1x4=4

4
Constant Term = b 2. 2
2 2

Option (a) is correct.
Given, F =3xi+ Sy}' +6zk
We have by Gauss’s Divergence Theorem,

Relation between surface integral and volume

integral
ijF~dK=IIJVdiV E-dV (i)
divF=§~F={if+;}+if(} -(3xi +5y ] +62k)

0 0 o I T )
= 5 B0+ 5, BN+ (62 (ii=]j=kk=1)

divF=3+5+6=14

Here V is the closed region bounded by the

surface S.

[ F-dA=[ F-ndA=[[[ 14dV

= 14 X Volume of cube
= 14x (1) =14 [volume of a cube = 4]
Option (b) is correct.

Here the function f(x)=4x*+2x+6 is a
polynomial of degree 2 and the simpson's 1/3™
Rule also uses a second degree polynomial for

approximation.

The value of I, and I will be same.
iel =1

Then we have

Percentage Error e =

59.

60.

61.

Exact Values(I,) — Estimated Value (I,)
Exact Values(I,)

x 100

I -1
Thus, e:{ ¢ "} x100=0
IE
Option (b) is correct.

Since ¢(s) has triple roots at s = —o, (s + 0)3 will
be one of its factors and ¢(-c)= 0

There will be an inflection point on the curve of
¢(s) (Just like in the case of x3), hence, the first
and second order derivative at s = —c will be
Zero.

Option (c) is correct.

Given Differential Equation

du  —xu’

A 2+x%u

It can be written as
xudx+(2+x"u)du =0 ..(i)

within is in the from

Mdx + Ndu =0 ...(ii)
where M = f,(x,u) and N = f,(x,u)
Comparing M =xu*> and N=2+x"u
We check the condition of exactness
M _oN
ou Ox
M _ (i)
ou
and ﬁz 0+2xu (V)
ox
From (iii) and (iv), we have M_N which is
ou Ox

exact differential equation.

SOIUtion J.Take uas M dx +J.Take only x terms N du = C

constant not contain x
xZ
= jxuzdx+J2du =c = u27+2u =c

Option (b) is correct.

Formulate given as an Linear Programming

problem
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Profit Maximize z = 150x; + 100 x, (i)
..(if)
..(iii)
..(iv)

2x; + 3x, =70

2x; + x, = 50

2x, <40

All x;, x, = 0 (Non Negative Quantity)
By Graphical Method

Convert all inequalities in equalities
2x1 + 3x, =70 ..(ii)
...(iii)
..(iv)

2x; + x, = 50
and 2x; =40
X1,%y = 0

From equation (ii) 2x; + 3x, = 70

X1 0 35
X, | 2333 | 0

From equation (iii) 2x; + x, = 50

X 0 25
X, | 50 0

From equation (iv) 2x, = 40

X

2
\ (0, 50)
50
N
»%
40 o
30
5,20 -
20 @ %=20
5 (20,10)
(0,20) 101 (35,0)
0 10 50 o

25,00 () M
Coordinate of B is the intersecting point of line
Iand II
2x; + 3x, =70
2%, + xy, =50

62.

63.

Therefore, 2x; + x, = 50

= 2%, + 10 = 50
2, = 40
= xl = 20

Coordinate of point B (20, 10)
Put x, = 20 in equation

2x1 + 3x, =70, we get

2x; +60 =70
= 2x; =10
Thus, x; =5
Hence, C (5, 20)
Bounded Regain OABCDO
Maximize z = 150x; + 100x,
At A (25,0), z =150 x 25 + 100 x 0 = T3750
At B (20, 10), z = 150 x 20 + 100 x 10 = 34000
At C (5,20),z = 150 x 5 + 100 x 20 = 32750
AtD (0, 10), z = 150 x 0 + 100 x 20 = 32000
80 profit maximum per day is 4000
Options (b, c) are correct.
Given p(A) = 2
In homogeneous equation AX =0 - B=0
where A is the Coefficient matrix.

Homogeneous equations have a solution.

Because P(A)=p(C)=2< No of unknowns

Infinite many solutions including a zero vector

of appropriate size.
Correct answer is [2].
We have by the properties of eigenvalues

1. The sums of the eigenvalues of Matrix =
Trace of the Matrix

= 4=3+gqg
g=1
2. The product of the eigenvalues of the
Matrix A = The Determinant of A
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3 p‘
P q

= —1=‘

= 3q—p2=—1
g =1, then 3—p2=—1

y
/ z =i
x
F

pPP=3+1=4
= pZ ==+2 bz=-4i
Thus, [p| =2 We have by Cauchy’s Residue Theorem,
64. Correct answer is [0.2]. J-C f(2)dz = 2ni [Residues f(2)]..,
1 1
Given, — | ———4d . . . .
ven 2n L (z—1)(z+4i) “ ® where Residues[f(z)],_; = I}Ll}(z —-i)f(z)
Poles : Taking denominator of f(z) equal to two 1 1 1 1
I L lim(z i) =g ] 1L
(z—i)(z+4i)=0..z=1,—4i 2 (z—i)(z+4i) =i\z+4i/ i+4i 5i
and C is the circle of Radius 2. z = + i will lies . L .[ 1 5
219 (z—i)(z + 4i)

inside the circle.

a1 o 1,
27 \ 5i 5x2n 5



