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@MATHEMATICS

GATE

Question Paper
i)

ELECTRONICS AND COMMUNICATION (EC) P1

Q.1.

Q.2.

Which one of the following functions is
analytic over the entire complex plane?
1

(a) In(z) (b) e=

1
(o) 1,

The families of curves represented by the
solution of the equation

dy_ (x)
dx Yy

for n = -1 and n = +1, respectively, are
(a) Parabolas and Circles

(b) Circles and Hyperbolas

(c) Hyperbolas and Circles

(d) Hyperbolas and Parabolas

(d) cos(z)

. The value of the contour integral

2
ng[z +l) dz
2mj z

evaluated over the circle | z| =1is

. The number of distinct eigenvalues of the

matrix
2 233
0111
A =
0 0 33
0 00 2
is equal to

. If X and Y are random variables such that

E[2X + Y] = 0 and E[X + 2Y] = 33, then
E[X] + E[Y] =

. The value of the integral J‘ORJ-nSiﬂdx dy, is
x

y
equal to

. LetZbe an exponential random variable with

mean 1. That is, the cumulative distribution
function of Z is given by

Fz(x):{g)—e ifx>0

ifx<0
Then Pr(Z > 2 |Z > 1), rounded off to two
decimal places, is equal to

Q.8.

Q.9.

Consider a differentiable function f (x) on the
set of real numbers such that f (=1) = 0 and
|f'(x)| = 2. Given these conditions, which
one of the following inequalities is necessarily
true forallx e [-2, 2]?

(a) f(x)£%|x+l| (b) f(x)<2[x+1]

1
(© f<Z} (d) f(x)<2|y
Consider the line integral

I(xdy — ydx)

c
the integral being taken in a counter clockwise
direction over the closed curve C that forms
the boundary of the region R shown in the
figure below. The region R is the area enclosed
by the union of a 2 x 3 rectangle and a semi-
circle of radius 1. The line integral evaluates to

YA
3o Ce
24 R
14--- >
[
} | | ) L >
T
(a) 6 + /2 (b) 8+ n
() 12+n (d) 16 + 2n
Q. 10. Consider the homogeneous ordinary

differential equation
2
28V g W5y,
dx* dx

x>0
with y(x) as a general solution. Given that
y(1) = 1 and y(2) = 14 the value of y(1.5),
rounded off to two decimal places, is

ELECTRICAL ENGINEERING (EE) P1

Q.11. The inverse Laplace transform of H(s)

= 25;3 fort =0 is
s“+2s+1
(a) 3te '+ e (b) 3¢”*
(c) 2te '+ ¢! (d) 4te '+ ¢
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Q. 12.

Q.13.

Q. 14.

Q. 15.

Q. 16.

Q.17.

Q.18.

Q. 19.

M is a 2 x 2 matrix with eigenvalues 4 and 9.
The eigenvalues of M? are

(a) 4and 9 (b) 2and 3

() 2and -3 (d) 16 and 81

Which one of the following functions is
analytic in the region |z| < 1?

2 2
() z° -1 (b) z° -1
z z+2

z2 -1 q z2 -1

© z—-0.5 (d) z+j0.5

If f = 2x°+ 3y*+ 4z, the value of line integral

I grad f- dr evaluated over contour C formed

by the segments (-3,-3,2) —» (2,-3,2) —> (2,6,
2) > (2,6,-1)is .
011
The rank of the matrix, M = |1 0 1
110

is

Consider a 2 x 2 matrix M = [v; v,], where,
v; and v, are the column vectors. Suppose

ML = {“lﬂ
uy

where u] and u] are the row vectors.

Consider the following statements:
Statement I : u{v; =1and u,v, =1
Statement II : 1] v, =0 and uy v, =0

Which of the following options is correct?
(a) Statement I is true and statement II is
false
(b) Statement II is true and statement I is
false
(c) Both the statements are true
(d) Both the statements are false
3,.2
The closed loop line integral qs Z+z+8 dz
z+2
[2=5
evaluated counter—clockwise, is
(a) +8jn (b) —8jn
(c) —4jn (d) +4jn
If A =2xi +3yj + 4zk and u =x2+y2+zz,
then div(uA) at (1, 1, 1) is .
The probability of a resistor being defective
is 0.02. There are 50 such resistors in a circuit.
The probability of two or more defective
resistors in the circuit (round off to two
decimal places) is

Q. 20.

Q.21.

Q.22.

Q. 23.

Q. 24.

Q. 25.

MECHANICAL ENGINEERING (ME) P1

110
Consider the matrix P={0 1 1|. The
0 01
number of distinct eigenvalues of P is
(@0 (b) 1
(c) 2 (d) 3

A parabola x = yz with 0 < x <1 is shown in
the figure. The volume of the solid of rotation
obtained by rotating the shaded area by 360°
around the x-axis is

)

2

X=Yy

/;1

=Y

0

0
(a) Z

(c) n

T
(b) 2
(d) 2n

dy 2,0 it y(0 _3
7 +7x7y =0, if y(0) 77

For the equation ——
x

then the value of y(1) is

7 13 7 37
a) = b) =
(a) 3¢ (b) 3¢
(C) 36_7/3 (d) 36—3/7
7 7

The lengths of a large stock of titanium rods
follow a normal distribution with a mean (u)
of 440 mm and a standard deviation (c) of
1 mm. What is the percentage of rods whose
lengths lie between 438 mm and 441 mm?

(a) 81.85% (b) 68.4%

(© 99.75% (d) 86.64%

Evaluation of '[4 dx using a
2

2-equal-segment trapezoidal rule gives a
value of

The set of equations

x+y+z=1
ax—ay +3z=5
5x -3y taz=6
has infinite solutions, if a =
(a) -3 (b) 3
(c) 4 (d) —4
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Q. 26.

Q.27.

Q. 29.

Q. 30.

Q.31.

A harmonic function is analytic if it satisfies
the Laplace equation.

If u (v, y) = 2x°~ 2y°+ 4xy is a harmonic
function, then its conjugate harmonic
function v (x, y) is

(a) 4xy — 22+ 2y2+ constant

(b) 4y2— 4xy + constant

(c) 2%~ 2y2+ xy + constant

(d) —4xy + 2y2— 24"+ constant

The variable x takes a value between 0 and
10 with uniform probability distribution.
The variable y takes a value between 0 and
20 with uniform probability distribution. The
probability of the sum of variables (x + )

being greater than 20 is
(@ 0 (b) 0.25
(c) 0.33 (d) 0.50

. The value of the following definite integral

J- (xInx)dx is
1
decimal places)

. (round off to three

MECHANICAL ENGINEERING (ME) P2

In matrix equation [A] {X} = {R},

4 8 4 2
[A]=|8 16 —4|[X]=41
4 -4 15 4
32
and [R]: 16 ;.
64
One of the eigenvalues of matrix [A] is
(a) 4 (b) 8
(c) 15 (d) 16

The directional derivative of the function
f(x,y)=x*+y* along a line directed from

(0, 0) to (1, 1), evaluated at the point x = 1,
y=1is
@ 2

(© 242

d
The differential equation d_y+ 4y =5 is valid
x

(b) 2
(d) 42

in the domain 0 < x <1 with y(0) = 2.25.

The solution of the differential equation is
@ y=e*+5 (b) y=€ " +125

(©) y=e*+5 (d) y=e"+1.25

Q. 32.

Q. 33.

Q. 34.

Q. 35.

Q. 36.

An analytic function f(z) of complex variable
z = x + iy may be written as f(z) = u (x, v)
+ iv(x, y).

Then, u(x, y) and v(x, y) must satisfy

(a)al:ﬁanda—u=@
ox oy oy Ox
ou ov ou ov

(b) ox ayandy T oy
ou Oov ou Ov

(c) a—x=—@and@:a
ou ov ou ov

(d)a:—@and@:_a

If x is the mean of data 3, x, 2 and 4, then the
mode is

. I - L - A
Given a vector ==y i+x°j+z°k) and 71
as the unit normal vector to the surface of

the hemisphere (xz +yP 2t =122 0), the
value of integral J (Vxii)efi dS evaluated on
the curved surface of the hemisphere S is

T s
a) —— b) —
@ -2 ®) 2

(c) g (d) =

A differential equation is given as

2

x? d—y—Zxd—y+2y =4.
dx? dx

The solution of the differential equation in

terms of arbitrary constants C;and C, is

C
@ y=Cx*+Cox+2 (b)y=—3+Cox+2
X

C
(© y=Cux?+Cyx+4 (d)y=—3+Cox+4
X

The derivative of f (x) = cos(x) can be
estimated using the approximation

f'(x) — f(x+h)—f(x—h)‘
2h
The percentage error is calculated as

Exact value — Approximate value <100,
Exact value

The percentage error in the derivative of f (x)
atx = %radian, choosing h = 0.1 radian, is

(@ <0.1%
(b) >01%and <1%
() >1%and <5%
d) >5%
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Q. 37.

Q. 38.

Q. 39.

Q. 40.

Q. 41.

The probability that a part manufactured by
a company will be defective is 0.05. If 15 such
parts are selected randomly and inspected,
then the probability that at least two parts

will be defective is (round off to two

decimal places).

CIVIL ENGINEERING (CE) P1

Which one of the following is correct?

(@) hm(sinélxj _5and hm(tanx] .

x—0\ sin 2x x>0\ X

(b) lim sin4x
x—0\ sin 2x

(©) lim ( s 4"} =
x—0\ sin 2x

(d) 1

i . ta
i sin4x 5 and hm( nxj:Oo
x—0\ sin 2x -0\ X

For a small value of h, the Taylor series

x—0 X

_1and lim(tanszl

oo and lim[tanszl

x—0 X

expansion for f(x +h) is

(@) f(x)+hf(x)+ f"(x)+ f'”(x)+...oo

(b) f(x)=hf' (x)+ f"(x) f"'(x)+...oo

(c) fO)+hf’ (X)+ f"( )+

2 3
@ f(x)—hf'(x)+%f"<x>—%f"‘<x>+...oo

The probability that the annual maximum

f"'(x)+...oo

3
flood discharge will exceed 25000 "
s

, at least

once in next 5 years is found to be 0.25. The

return period of this flood event (in years,

round off to 1 decimal place) is

Which one of the following is NOT a correct

statement?

(a) The function ¥/x, (x > 0), has the global
maximaatx =e

(b) The function ¥x, (x > 0), has the global
minima atx =e

(¢) The function x° has neither global minima
nor global maxima

(d) The function |x| has the global minima at

x=0

Q. 42. A one-dimensional domain is discretized

Q. 43.

Q. 44.

Q. 45.

Q. 46.

into N sub—domains of width Ax with node
N. If the time scale
is discretized in steps of At, the forward-

numbersi=0,1, 2, 3....,

time and centered space finite difference
approximation at i" node and n' time step,

for the partial differential ZU_B_
t

equation is

1 -
@ 0,1 g (1) L 0., =20 4o,
At ( Ax)z

+1 1
(b) 0" — 0" -B Ui+1(n)_20i(”)+vi71(n)
At 2Ax

© oM —p D) i 0., =20 4o, ®
At ( AX)Z

(d) o~ =B U'+1(n) - Zvi(n) +0;4"
2At 2Ax

Consider two functions: x=yln¢ and

y = ¢Iny. Which one of the following is the

correct expression for 8_\;/?
ox
Iny xIn¢
a) T (b) T
InglIny -1 IngIny -1
Ind Iny

© InglIny -1 (d) Indplny-1
Consider the ordinary differential equation
2
2 d_y —2x d_]/
dx dx

y(1) = 0 and y(2) = 2, the value of y(3) (round
off to 1 decimal place), is

+2y =0. Given the values of

CIVIL ENGINEERING (CE) P2

Euclidean norm (length) of the vector

[4—2—6]"andis
(@) V12 (b) <24
(c) 48 (d) /56

The Laplace transform of sin & (a t) is

b
@ s> —a® (b) s +a®
s s
d
(©) s% —a? @ s% +a?
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Q. 47.

Q. 48.

Q. 49.

Q.52.

The following inequality is true for all x close
to 0.

X xsinx
2—-—x<
3 1-cosx

<2

What is the value of lim xsmx ?
x—01—cosx

@@ 0 (b) 1/2
(c) 1 (d) 2
What is curl of the vector field
2x2yi +52% ) — 4yzl€ ?

(a) 6z +4xj— 2x°k

(b) 6zi —8xyj + 2x2yl€

(@
(d)
The probability density function of a

—14zi + 6] +2x°k
—14zi - 2x%k

continuous random variable distributed
uniformly between x and y (for y > x) is
1 1
(@) (b)
x—y y—x
(c) x—y (d) y-x

. Consider the hemi-spherical tank of radius

13 m as shown in the figure (not drawn to
scale). What is the volume of water (in m’)
when the depth of water at the centre of the
tank is 6 m?

=

6m
(a) 78 (b) 156 &
(c) 3% = (d) 468
. An ordinary differential equation is given
below.
d
(%} (xInx)=y

The solution for the above equation is
(Note: K denotes a constant in the options)

(@ y=Kxlnx (b) y = Kxe*
(c) y=Kxe™* (d) y=Klnx
2 3 4
The inverse of the matrix |4 3 1 ]|is
1 2 4
100 -4 -9 -10 4 9
@ |-15 4 14| ()| 15 -4 -14
5 -1 -6 -5 1 6

Q. 55.

Q. 56.

Q.57.

141

o 4 9] [, 4 9]

5 5 5 5

4 14 4 14

3 _ - _ - P

(©) 5 5| @[3 o o
L1 s L 16

5 5 | | 5 5]

. A series of perpendicular offsets taken from a

curved boundary wall to a straight survey line
at an interval of 6 m are 1.22, 1.67, 2.04, 2.34,
2.14, 1.87, and 1.15 m. The area (in m?, round
off to 2 decimal places) bounded by the survey
line, curved boundary wall, the first and the
last offsets, determined using Simpson’s rule,
is

COMPUTER SCIENCE (CS) P1

.LetU={1,2,....n}.LetA={(x,X)|xe X,XcU}.

Consider the following two statements on
|Al.
L |A|=n2""

w o (n
IL [A]= k—]k(kJ

Which of the above statements is/are TRUE?
(a) OnlyI (b) Only II

(c) BothIand Il (d) Neither Inor II

Let X be a square matrix. Consider the
following two statements on X.

L. X is invertible.

IL. Determinant of X is non-zero.

Which one of the following is TRUE?

(a) Iimplies II; II does not imply L.

(b) Il implies I; I does not imply IL

(c) Idoes notimply IL; II does not imply I.
(d) Iand II are equivalent statements

Let G be an arbitrary group. Consider the
following relations on G:

Ri:Va beG aRbifand onlyif 3 g € Gsuch
thata = g~ ' bg

Ry:Va,beG,aR,bif and onlyifa = b
Which of the above is/are equivalence
relation/relations?

(a) R;and R, (b) R; only
(c) R,only (d) Neither R;nor R,
4 ju—
Compute limJZC—S1
x=>32x° -5x—-3
53
1 b) —
(@) ®) 35
108

(c) — (d) Limit does not exist
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Q. 58.

Q. 60.

Q. 61.

Q. 62.

Q. 63.

Two numbers are chosen independently
and uniformly at random from the set
{1, 2,..., 13}. The probability (rounded off to
3 decimal places) that their 4-bit (unsigned)
binary representations have the same most
significant bit is

. Consider the first order predicate formula

d:Vx[(Vzzlx =2(z=x) v (z=1)) = Fw
w>x)A(Vzzlw= (w=2z)v(z=1)))]
Here ‘a|b’ denotes that ‘a divides b’, where
a and b are integers. Consider the following
sets:

S;-11,2,3,...,100}

S,. Set of all positive integers

S;. Set of all integers

Which of the above sets satisfy ¢?

(a) S;and S, (b) S;and S;

(c) Syand S; (d) S, S,and S,

Consider the following matrix:

1 2 4 8

13 9 27
R =

1 4 16 o4

1 5 25 125

The absolute value of the product of Eigen
values of R is

Suppose Y is distributed uniformly in the
open interval (1, 6). The probability that the
polynomial 3x% + 6xY + 3Y + 6 has only real
roots is . (rounded off to 1 decimal

place)

CHEMICAL ENGINEERING (CH) P1

A system of n homogeneous linear equations
containing #n unknowns will have non-trivial
solutions if and only if the determinant of the
coefficient matrix is
(@1
(90

(b) -1
(d) o

anx| .
1S

The value of the expression lim ¢
T

oIl X
2

Q. 64.

Q. 65.

Q. 66.

Q. 67.

Q. 68.

Q. 69.

(@) »
(c) 1

(b) O

(d) -1

The product of the eigenvalues of the matrix

2 3).
is

o7

one decimal place).

(rounded off to

The solution of the ordinary differential

equation d_y+3y=1, subject to the initial
dx

conditiony = 1atx =0, is

(a) %(I+Ze’X/3) (b) %(5_26-?4/3)

©) %(5—253") (d) %(1+2e—3")

The value of the complex number i

(where | = \/3 ) is

(b) ——=i

1, .
(a) E(l—z) 5

1. 1
c) —=1 d) —(1+:
© 5 @ - (1+0)
If x, y and z are directions in a Cartesian

A

coordinate system and, i J and k are
the respective unit vectors, the directional
derivative of the function u(x, y, z) = X

— 3yz at the point (2, 0, -4) in the direction
(f +}—21€)
~ 7’ is . (rounded off to two
NG

decimal places).

Two unbiased dice are thrown. Each dice
can show any number between 1 and 6. The
probability that the sum of the outcomes
of the two dice is divisible by 4is __

(rounded off to two decimal places).

The
to determine the root of the equation

Newton-Raphson method is used
f(x) = e — x . If the initial guess for the root is
0, the estimate of the root after two iterations
is . (rounded off to three decimal
places).
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Answer Key
Q. No. | Answer | Topic Name Chapter Name
1 (d) Analytic Functions Complex Variables
2 (c) Family of Curve Differential Equation
3 0 Cauchy's Integral Theorem Complex Variables
4 3 Eigen Values Matrix and Determinant
5 11 Random Variable, Mean Probability and Statistics
6 2 Double Integral Calculus
7 0.37 Probability Distribution Function Probability and Statistics
8 (b) Mean Value Theorem Calculus
9 (c) Green's Theorem Calculus
10 5.25 Cauchy Euler Equation Differential Equation
11 () Inverse Laplace Transform Transform Theory
12 (d) Eigen Values Linear Algebra
13 (b) Analytic Function Complex Variable
14 139 Line Integral Vector Calculus
15 3 Rank of Matrix Linear Algebra
16 (c) Matrix Operation Linear Algebra
17 (@) Residue Theorem Complex Variable
18 45 Divergence Vector Calculus
19 0.26 Probability Probability and Statistics
20 (b) Eigen Values Linear Algebra
21 (b) Volume of Solid of Revolution Calculus
22 (c) First Order DE Differential Equation
23 (@) Normal Distribution Probability and Statistics
24 63 Trapazoidal Rule Numerical Analysis
25 (c) System of Linear Equations Linear Algebra
26 (@) Analytic Functions Complex Variable
27 (b) Random Variable Uniform Distribution
28 2.096 | Definite Integral Calculus
29 (d) Eigen Values Linear Algebra
30 (c) Direction Derivative Calculus
31 (b) First Order DE Differential Equations
32 (b) Analytic Function Complex Analysis
33 3 Mode Probability and Statistics
34 (o) Surface Integral Vector Calculus
35 (@) Cauchy Euler Equations Differential Equations
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Q. No. | Answer | Topic Name Chapter Name
36 (b) Error Analysis Numerical Method
37 0.17 Binomial Distributions Probability and Statistics
38 (@) Limit Calculus
39 @) Taylor Series Calculus
40 17.92 | Probability Probability and Statistics
41 (b) Maxima and Minima Calculus
42 (a) Finite Difference Approximation Numerical Methods
43 (d) Partial Differentiation Calculus
44 6 Cauchy Euler Equations Differential Equations
45 (d) Euclidean Norm Calculus
46 (@) Laplace Transform Laplace Transform
47 (d) Limit Calculus
48 (d) Curl Calculus
49 (b) Uniform Distribution Probability and Statistics
50 (c) Volume Volume
51 (d) ODE Differential Equations
52 (0 Inverse of Matrix Linear Algebra
53 68.5 Simpsons Rule Numerical Methods
54 (o) Sets Discrete Mathematics
55 (d) Property of Matrix Linear Algebra
56 (b) Equivalence Relations Discrete Mathematics
57 (c) Limit Calculus
58 0.461 Probability Probability and Statistics
59 (c) Sets Discrete Mathematics
60 12 Eigen Values Linear Algebra
61 0.8 Probability Probability and Statistics
62 () System of Linear Equations Linear Algebra
63 (@) Limit Calculus
64 14 Eigen Values Linear Algebra
65 (d) ODE Differential Equations
66 @) Complex Roots Complex Variable
67 6.53 Directional Derivative Calculus
68 0.25 Probability Probability and Statistics
69 0.566 | Newton Raphson Method Numerical Methods




ENGINEERING
LMATHEMATICS

GATE

Solved Paper
e )

ANSWERS WITH EXPLANATIONS

Option (d) is correct.

In (z) is not an analytic function at z = 0.
1
e? is not an analytic function at z = 0.

is also not an analytic function.
1-z

But cos(z) is analytic over the entire complex
plane.

cos(z) = cos(x +1iy) = cos x cos(iy) — sin x sin(iy)

= cosx coshy —isinxsinhy; u+iv — form.
Where
u(x,y)=cosxcoshy v(x,y)=-sinxsinhy

=—sinxcoshy =—cosxsinhy

ux UX
u, =cosxsinhy v, =—sinxcoshy
u,=v,and 4, =0,

Option (c) is correct.

Given, d_y = —(ﬁ]

dx Yy
For n=-1
dy_ (¥
dx x
L Ay dx
Yy X

On integration
= Iny=-Inx+Inc

= Inyx=Inc= xy=c

This represents the rectangular hyperbola.

For n=1
d_y__x
dx y

= ydy = —xdx
On integration
x* +y* = 2¢; this represents the family of

circles.
= Y+ =k

3.

Correct answer is [0].
2

Li) (z + lj dz

2mj z

1 (2 jl)zdz; 1

I 1

j
M
z = 0 lies inside the unit y J
circle with

f)=(+1)Pz=0
By CIT 1= f'(z,)

:31={§2@2+1flﬂ:31:[2@2+1ym@20:0
Correct answer is [3].

For triangular matrix, diagonal elements are
eigen value

T2l 2

So, eigen values are 2, 1, 3, 2

Distinct eigen values are 2, 1, 3

No. of distinct eigen values is 3

Correct answer is [11].

As E [aX + bY] = aE [X] + DE [Y]

Given, E[2X+Y]=0 and E[X+2Y]=33

2E[X]+E[Y] =0 and E[X]+2E[Y] =33

Adding both

= 3E[X]+3E[Y]=0+33

3 _
-

Correct answer is [2].

E[X]+E[Y] =2 =11

Ly (m, ™) 154
T

T

X

>

"5{

I= J--[Sll’lx Zxdy
0y x
Changing the order of integration

= e (22

x=0 y=0 k=0

X

dx
0

I= _ISiI;x -(x)dx :Esinxdx:cosxﬂz 2
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7.

Correct answer is [0.367].

Given, CDE F (x) = {1 —e ifx20
0 ifx <0
e ifx>0
=F(x)= — PDF
f.(x) = E(x) { A

Where Z be an exponential random variable
with mean 1.

[P(z>2)"P(z>1)] _P[z>2]

el P(z>1) Plz > 1]
P(z<2)=1-¢?= P(z>2)=¢"
Pz<1l)=1-¢'=Pz>1) =¢"'
Required probability = HMz>2]
Plz > 1]
= ﬁ =e¢" =0.367

e

Option (b) is correct.

For f(-1) = 0 condition option C and D are not
preferable.

Now for f'(x) <2

Option (A) f(x) s% [x+1|

l(x+1), x>-1
2
= f(x)= then
—(x+1), x<-1
% x>-1
P2
? x<1
. ~ 2(x+1), x>-1
Option (B) f(x) = {—Z(X 1), x< _1} then

2, x>-1
w3
Option (c) is correct.
Here,

J.(xdy —ydx)= I(—ydx + xdy)

x<-1

By applying Green’s theorem

oM
M=-y; —=—1andN=x;@=1
oy ox
P~y dx+xdy)= [[ (1-(-D)dxdy
cld d R
M N

=2[f, dxdy = 2*(area of region R)

=2[area of rectangle + area of semi-circle]

—2[3x2+ %n(l)z]

=12+~
10. Correct answer is [5.25].
(xZD2 —3xD+3)y:O WhereD:i
dx
For x=¢° xD =6;
Inx=1z x’D* =0(0-1);
where 0= 4
dz

11.

12.

13.

(0(0-1)-30+3)y =0

= (0 -40+3)y =0
AEis m? —4m+3=0
= m=1,3

The solution is ¥ = C,e” +C,e”*

y=Cux+Cyx’ (i)
[x=]
given y(l) =1
= 1=C, +C, ...(ii)
also y(2)=14
= 14 =2C, +8C, ...(iii)

From (ii) and (iii) C, =-1; C, =2
Putting the value of C; and C,in (i) y = —x +2x°

And y(1.5) = <(1.5) + 2(1.5)°
= y(1.5)=5.25
Option (c) is correct.
5+3 s+1+2
H(s)=— = 2
s7+2s+1  (s+1)
s+1 2
=
(s+1)* (s+1)
H(s) =+ —
s+1 (s+1)

So, h(t)y=¢" +2te”
Option (d) is correct.
Given, Eigen values of M, , , are A = 4, 9.
= Eigen values of M? are A2 ie., 42, 9%
So, Eigen values of M” are 16 and 81.

(frequency shift)

Option (b) is correct.
Given, region is |2 < 1.
z -1

f(z)= ; has singularity at z = — 2 which
z+2

lies outside |z| =1.

2
z5 -1, .. .
is analytic in region |Z| <1
z+2

SO,f(Z) =
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14. Correct answer is [139].
f=2x"+3y* +4z
grad f—1g+]g+k F
oy Oz
=6x" i+6yj+4k

-~ [grad f.dr =[ (6x* i +6yj +4k)(dxi + dyj + dzk)

= I(6x2dx +6ydy +4dz)

(2,6,-1)
= I (6x7dx +6ydy +4dz)

(-3,-3,2)
Equation of segment formed by (-3,-3,2) and
(2,6,-1)

x=>5t-3;
= dx = bdt

y=9t-3
= dy = 9dt

z=-3t+2
= dz = -3dt
and t=0tol

1
= j(é(st —3)2 -5dt +6(9t —3)9dt + 4(-3dt)
= [ (30(25¢> — 30t +9)dt + 54(9¢t — 3)dt — 124t

= [ (750¢> —900¢ + 270)dt + (486t —162)dt —12dt

o*—.»—- ot_,._.

j (750> — 414t +96)dt =139
0

15. Correct answer is [3].
011
For Matrix M=|1 0 1
110

110
Interchanging Row Ryand R;; (1 0 1
011

1 10
R, > R, —R,|0 -1 1
01 1
1 10
R, > R, +R,|0 -1 1

0 0 2

With no. of non-zero row in Echelon form = 3
Rank of M =3

16. Option (c) is correct.
p

[V
L 1

Let M=[v, o,] {
q
{ I
w X
MM =
N p 7 10
01
up+vg ur+uvs 10
=
wp+Xxq  wWr+xs 01
up+tog=1
= ulTvl= 1
ur+ovs=0
wp+xq=10
= uZTvlz 0
wr+xs=1
= uzTUZZ 1

.. both statements are correct.
17. Option (a) is correct.

3 2
FOI' I: ﬂdz
s z+2
22+72%+8
z)=——
fz) z+2

f (z) has singularity at z = -2 which lies inside
the curve |z| = 5.

3 2
So, [Res f(Z)]Zrz = }Ln—]z [(z + 2)%J =4

Using Cauchy’s residue theorem.
3 2
gsﬂdz = 2mjx 4 = 87j

T zZ+2
18. Correct answer is [45].

Given A = 2xi +3yj +4zk and

u=x>+y*+z°

V.(uK)=(Vu).K+u(V.K) (i)
Vu =6_ui+6_uj+6_uk
ox oy oz
= Vu =2xi+2yj+2zk
(Vut).A = (2xi + 2y +22k).(2xi + 3yj + 4zk) -«(if)

=  (Vu).A=4x*+6y>+82
. oA

= va-Ay, yj+aAZk

ox oy

= VA=2+3+4=9
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AN 2 2 2 7
= uw(V.A)=(x"+y +z°)9 ...(ii) - y :Eé?ﬁ
Substitute the values of (ii) and (iii) in (i) 7

T S 2 2 2.2, .2 7
Div(u.A)=4x"+6y" +8z" +(x" +y" +z")9 y(1)=§e3
2 2 2
=(13x" +15y +17 =45
(132 +15y +172') (111) 23. Option (a) is correct
19. Correct answer is [0.26]. Given, p=440mm
Pdefective =0.02 c=1mm
n = 501 being large Poisson Distribution 7 XK
A=np=1 c

Let X be the number of defective registers.
P[X>2]=1-P[X<2]
=1-{P(X=0)+P(X=1)}

e\ et e

:1—{0—!+1—! S f(x)= - 3 2 A 0 1 2 3

438 — 440
-1

—1-2¢ P(Z = ~2) = 2.28%

=0.26
441-440

20. Option (b) is correct. Z(x=441) = =1

Clearly, this is an upper triangular matrix. Eigen
values are same as the diagonal elements of the
matrix. i.e,, 1, 1, 1. Distinct eigen values is 1.
So, number of distinct eigen values is 1.

P(Z=1)=84.13%

So, the required percentage of rods lying
between 438 mm and 441 mm.
P(Z =1)—-P(Z = -2) = 84.13% — 2.28% = 81.85%

21. Option (b) is correct.
24. Correct answer is [63].

Given, ¥ =x;0<x<1

. 4-2
As Rotation is about x axis. Lety=f(x)=x% withn=2=h= — =1
1 1 27
V:J.nyzdx:nj.xdx:n{%} :g x 2 3| 4
N ! 0 y=f(x) | 8 |27 | 64
22. Option (;) is correct. . vo | v | w
; Y . =2
Given, dr 72ty =0:y(0) = 7 According to trapezoidal rule
4
h
[ 72 ax [t =2 )+ 2y Y )
y 2
’ _1L Loyl _
= lny:—7%+c (i) _2{y1+y2 23/1}—2{(8+64)+2(27)}—63
At x=0, 25. Option (c) is correct.
1 1 1|« 1
3 S
y= - putting in (i) Given,|a -a 3| y|=|5
3 - 5 3 al|lz 6
= c=ln(;j ...(ii) {11
Substituting the value of ¢ from (ii) in (i) This form is AX=B, where A=|a —-a 3|;
x’ 3 5 -3 a
Iny=-7—+In| =
- ! 3 (7j 1

3 ;7x3 = /B: 5
= ln(%)=—7x— Dzy:e3 X=1y
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1 1 111 Variable x values = 0<x<10
So, augmented matrix [A|B]=|a -a 3|5 Variable y values = 0<y <20
5 -3 alé Variable x and y together constitute a rectangle
R R _aR OPAC.
27 T With PQ: x+y =20
R, > R, -5R, haded 50
_ shaded area
1 1 1 1 Preq:P[(x+y)>20]:m:%:0.25
[A|B]=|0 -2a 3-a5-a 28. Correct answer is [2.096].
0 -8 a-5 1 By applying ILATE Rule
R, >R, - 4R, e t1
_ I=({Inx.|xdx| —|—.(|xdx)dx
Lo e fe ) L)
[A|B]=|0 —2a 3-a | 5-a o2 12) el y
0 0 112—11—12 542 —20 =(1n67—ln(1)?]—j(z)dx
L 1
For infinite solutions .
2 2 2 2
p(A|B) = p(A) < No. of unknowns - e__{x_} _ e__e_+l —2.097
g —a-12=0and 5220 = 0 2 [4) 2 4
= a=4,-3anda = 4. 29. Option (d) is correct.
So, a=4 Given, [A][X] = [R]
26. Option (a) is correct. (4 8 4727 32
Letw =f(z) =u(x,y) +iv(xy) =8 16 4| 1]=|16
be analytic function
o 4 4 15)[4] |64
For real part; u = 2x* - 2y* +4xy - R
. . 4 8 412 2
Using Milne Thomson Method.
ou =8 16 4| 1|=16|1
o~ rdy =exy) 4 -4 154 |4
¢,(z,0) = 4z (D) v [A]X]=A[X]
and ou =-4y+4x =¢,(x,y) So, one of the eigen value is
A=16
¢, (2, 0)=4z () 5, Option (c) is correct.
f2)=[[o(2, 0)~ig, (2, 0)]+c Given, f(x,y)=x"+y’
From (i) and (ii) Direction vector; a = (1,1)-(0,0)= i+]
= I[4z —idz]dz+c=4(1 —i)J'z dz+c Let the point Q (x, y) = (1,1)
_a1-i) é e The directional derivative of f(x,y)at point (1, 1)
B . 5 5 . i _ - - i+ ]
=201 -y 20y = Phon =),
z) = (2x* =217 +4xy )+i(4xy —2x* + 2% +¢ .
f@)=( y* +dxy )+ i(dxy Y +0) (i) 242
=(21+2])—=—=2«/§
So, v=4dxy-2x*+2y*+c 2 42
27. Option (b) is correct. 31. Option (b) is correct.
y . dy
A G , =L =5:
ZOP (10, 20) wven x + 4y 5,0 <x<1
(10, 10) Equation is in the form of cdl_y+ P(x)y = Q(x)
X
(20,0) HereP=4and Q =5

>

0 10 o\ X IF = e * = gt
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32.

33.

34.

General solution y.e** = IS.e“dx +c

4x 5 4x

£ =—=e"+c
Y 4

=
Atx = 0; y = 2.25 putin (i)

2.25:g+c:>c:1
Using the value of c in (i)
yet* = ZE“ +1 = y=125+e™

Option (b) is correct.

Given, f(Z) = u(x,y)+iv(x,y) is an analytic
function.

Then u(x, y), v(x, y) satisfies the Cauchy-Riemann
equation as

M0 gng 2

ox Oy oy  Ox

Correct answer is [3].

ou ov

Given, mean = x
3+x+2+4
x=2tTeT=
4
=4x=9+x=> 3x=9
= x=3
Therefore, the data is 3, 3, 2,4. And as mode is
the value which occur in the data maximum
number of times. So, mode is 3.

Option (c) is correct.

. “_1 3% 3% 37
leen,u—g(—y 1+x°j+z k)

7k
"_ a a a Y . 2 2\ 1.
=>Vxu= > @ P —01+0]+(x +y )k
A
3 3 3
Surface, g =x* +y> +z>-1=0
I”\l: V(I) _ 2xi+2yj+22k :xf+y}'+zf<
Véloo  Jl2x) + (2y) +(22)

[+ 4+ =1]
= (Vxﬁ)ﬁ =(x*+y*)z

[ (v xwy.myds = [ z.(x* + ) ds
Let P be the projection of surface on x —y plane.
I(V x i)ds = ”Z.(x2 + yz)%
: P

nk

:,”(xz +y2)dxdy with‘ ﬁ.l%‘: z ..(i)
P

35.

36.

Where P=x2+y2 =1
Using polar coordinates in (i);
x =7rcos0;
y=rsin®;
dxdy = rdrd®
X+ yZ =2
1 2rn
= Hrzrdrde = I
P

r=00=0

Option (a) is correct.
Given, (x’D?-2Dx+ 2)y =4,

where; 4 =D
dx
This is Euler Cauchy’s DE.
Let x=e
= logx =z;
xD=6
x’D* =0(0-1)
where 4 _ 0
dz

Substitute the values from (ii) in (i)
[6(6-1)-20+2]y=4

= [0°-30+2]y=4
= f(8)y=Q(2);
Q(z)=4
AE=m>-3m+2=0
= m=1,2
Yo =Ce* +C,e°
Q(z)
as Yo =7
f(e)():a
1
=~ 4%
TP 3042
Put 0 = 0 then,
4
So, Y :E
= Ypr =2
Y=Yer T Yn
= Clx2 + Cyx + 2

Option (b) is correct.
Given, f(x)=cosx
Exact value

f’(x) = —sinx

Jr%MO:FET(Q?

(i)
(i)
[ x =€
[-a=0]
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f’(x) atx=g

/()3

Approximate value

p() L= 1)

~ cos(x+0.1)—cos(x—0.1)

2(0.1)

sin x sin(0.1))

(cosxcos(0.1)—

—(cos(0.1) cos x +sin x sin(0.1))

2(0.1)

—sin x sin (0 1) sin x sin (0.1)

0.2
—2sinxsin (0.1)
N 2(0.1)

f’[gj =-0.49916

Error = exact value — Approximate value
= —0.5 - (-0.49916)
=-0.000 84

~ -0.00084

% Error x100% = 0.168%

0.1% < 0.168% < 1%
37. Correct answer is [0.17].
Given, n=15p=0.054g=1-p=09
Px>2)=1-P(x<2)
=1-{Px=0+P(x=1)}
_1 {ISC PO 15 15C pl 14}
(using binomial distribution)
=1-{¢" +15pg™}
=1-{0.95" +15(0.05)(0.95)"“}
=1-{0.46+0.37}
=1-0.83=0.17
38. Option (a) is correct.

Given, lim [ sin4x j

-0\ sin 2x
Ay sin4x A
=lim i =—=2
x-0| sin2x 2
2x
2x
lim 20X _
x—0 X

39. Option (a) is correct.
Taylor series expansion for small & of f(x+h)

40.

41.

42.

h3

fGx+1)= f(x)+hf (x)+—f (x)+—f ()t
Correct answer is [17.92].
Uncertainty =1-4"
= 0.25=1-4°
= 3> =0.75
=  b5logg =10g(0.75)
-0.1249

5
g =0.9442
p=1-q
0.0558

logg =

L

p= % = T =17.92 years

Option (b) is correct.
1

Let Yy=x" x>0
Taking log on both sides.
= logy = logx
x
log x
fl =52
x
x[lj log x
| x 1-logx
x
fx) 2 2
fx)=0= 1_1‘;*‘” -0
= 1-logx=10
= logx =1
= x=e
x? -1 —(1-logx)(2x)
" x & —-3x+2xlogx
f(x)= . -
x x
—3e+2elog.e -—e
flo="""280 =2
e? e

Therefore, y = 3x is maximum at x = e as with f
(x) maximum y will be maximum
Option (a) is correct.
2
Given, — % _ = 6—2
ot = oOx

Putting time derivative with a forward
difference and a spatial derivative with a
central difference we obtain

@™ o) [ o) 20" +f)
At ( Ax)z
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43. Option (d) is correct. 45. Option (d) is correct.
Taking partial derivative of both equations w.rt. x. 4
1:a_wln¢+£@:>1_a_\vln¢:£@ (1) A=|-2
ox ¢ Ox ox ¢ Ox -6
¢ Oy 0 1 oy wyod . 2 2 2
0=—Lilny—*=-—"F="" -..(id) Norm A =|A]=4/(4) +(-2)" +(-6)" =+/56
e orm A = A= "+ (2 + (6] =56
o6 46. Option (a) is correct.
Comparing the value of vy a
¢ Ox L{sinh(at)} = —5—
0 10 * !
1-Y1n o= Y 47. Option (d) is correct.
ox Iny ox
Here
= 1oL W, OV, o . x*
Iny ox ox ngg 2—? =2
= 1=|-—+np|¥ lim (2) = 2
Iny ox #0
Leinol 5 So, by Squeeze theorem
= 1= —1+In¢lny oy . x sinx
Iny ox lim =2
=0\ 1-cosx
_Iny _% 48. Option (d) is correct.
IngIny-1 ox . — . . A
) Given, A =2x’yi+5z%j—4yzk
44. Correct answer is [6].

Given, differential equation is

2
xzj—z—Zxd—y+2y =0;

dx
y(1) =0,
y(2)=2
Let x=e°
= logx =1z
4 _pd_
dx dz

xD =0; x’D? =0(0-1)
then DE [0(6-1)-20+2]y =0
— [0*-30+2]y=0

AE 5> m*-3m+2=0=>m=1,2

Solution —>y=Ce +Ce*”
y=Cux+Cyxx’
Given y1)=0
y(2)=2
From (i) and (ii)
C,=-1,C, =1
y=-x+x

y(3)=-3+(3)* =6

49.

50.

)

...(ii)

N
curlA=VxA-= R
ox oy 0Oz

2x*y 52 —4yz
= (~4z-10z)i - (0—-0)] + (0 —2x%)k
VxA =—14zi - 2x°k
Option (b) is correct.
PDF of uniform distribution in [x, y] is
1

fH=y-x

0 otherwise

x<t<y

Option (c) is correct.
13

V = [ nrdh
7
AN
16 rnI \ Ly /
By Pythagoras theorem
=R -1

13 13 13
So, V =nj(R2—h2)dh =7{R2h—?}
7

- n{lBZ (13-7) —%(133 -7° )} 7

= 396n
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51. Option (d) is correct.

Given, Z—Z(xln x)=y

d_y: dx

vy (xlnx)
flo_g

y (xlnx)

lnx:t:ldx:dt

Putting
x
= 1ny=j1dt+1nk
t
= Iny=Int+Ink = In kt
Taking antilog Y =kt
y=klnx
52. Option (c) is correct.
2 3 4
Given A=(4 3 1
1 2 4

|A|=2(12-2)-3(16-1)+4(8 -3) =5

10 -4 -9]

10 15 5
[Mjlixj=Minorsof A=| 4 4 1
-9 -14 -6
10 -15 5
Cofactorsof A=|-4 4 -1
-9 14 -6
[ Cij = (1) j Mij]
Adjoint of A = (Cofactors of A)T =(-15 4 14
5 -1
o 4
5
Adj(A _
-1 — J( ) = A—l = 3 _4
|A] 5
4 1
5

53. Correct answer is [68.5].

d
Area =A 25{(% +Y,)+4 (Y + Y+ Y5
—_—

odd terms

+2(y, +y, +..)}
—

even terms

=g{(1.12 +1.15) +2(2.04 + 2.14)

+4(1.67 +2.34 +1.87)}

=2{34.25} = 68.5 m>

54.

55.

56.

57.

Option (c) is correct.
Given, U={1,2,....... n}
A ={(x,X)|x e Xand X c U}

No. of non—-empty subset of
X=C(n,1)+C(n,2)+....+C(n,n)

No. of elements in A = Zn:kC(n,k) = Zn:k (Zj
k=1 k=1

By combinational Identity

Zn:kC(n,k) =n2""

k=1

.. both statements are correct.

Option (d) is correct.

If matrix X is invertible.

This means det(X) = 0.

And this is true otherway around.

So, I and II equivalent statements

Option (b) is correct.

Given, G be an arbitrary group. Consider two
relations R; and R,.

R,:Va,beG,aR,bif and only if 3¢ € G such
thata = ¢7'bg.

This statement is reflexive as a = g'ag can be
satisfied by g = ¢, identity e always exists in a
group.

This is also symmetric as aRb = a = g_lbg

for some g = b= gag™" = (g’1 )71 ag™

¢ " will always exists for every & €G.

Transitive : aRb and bRc = g= gl’lbgland

b=g,"'cg, for some §:8,€G

_ _ -1
a=g; 132 1ngg1 z(gzgl) €8281
8:€G,8,€6=>4,8¢€G
as group is closed so aRb and bRc = aRc
= So, it is transitive.

i.e. R; is equivalence relation.
R, is not equivalence it need not be reflexive,
"+ aR,a = a = a"'Va which is not true in a group.
Option (c) is correct.
Given, lim —);1 —81 - (gj form
=3 2x" —5x—3 0

4x° 108

Applying LH Rule lim

=>34x-5 7
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58.

59.

60.

61.

Correct answer is [0.461].
To represent 4 — digit binary number, we need
to represent 1 to 13. In which 7 numbers have
MSB ‘0" and 6 have MSB 1"
Required Probability

= Both MSB1 + Both MSB0

13 13 13 13
= 0.5029 ~ 0.503

Option (c) is correct.

“For each prime “x’, there exists prime ‘w” where
w>x".

5;:{1,2,3...} being a finite set fail to satisfy the
¢ because when x = 97 there is no w exists.

S, and S; are infinite sets, so for every x we can
find w.

.5, and S; satisfy the ¢.

Correct answer is [12].

We know that product of eigen values
= determinant of matrix.

Given matrix R can be written as

1 2 22 2°
1 3 3% 3
1 4 4> 4
15 5 5
Rz_Rl} Rs_Rl} R4—R1wehave
1 2 22 23
|0 3-2 -2 3-2°
o 4-2 42-22 £
0 5-2 5°-2* 5°-2°
15 19
=(3-2)-(4-2)-(5-2)|1 6 28
17 39
R; > R;-R;, R, >R, - R,
1 5 19
=1-2-3/0 1 9 =1-2-3-1‘l 9‘
0 2 20 2 0
=1-2-3-2=12

Correct answer is [0.8].
1
—— 1<y<
PDFof Y=f(y)=16-1  Y=°
0  otherwise

Given, 3x* +6xY +3Y +6 polynomial in x has
only real roots.
For real roots D > 0

62.

63.

64.

65.

b* —4ac>0
(6Y)" —43.(3Y+6)>0
=36Y*-36Y-72>0
= Y -Y-2>0
= (Y+1)(Y-2)=0
Y e (-0, -1]N[2,0)
=Y €[2,6), as for (-, -1] f(y) = 0

-+ y is uniformly distributed function.

1
f(y)=g, 1<y<6

6
1 1 6 4
PReq —!gdy—§y|2 —E—O.S

Option (c) is correct.

A system of n homogeneous linear equations
containing n unknown will have non trival
solution if and only if < |A| =0.

Option (a) is correct.

I
tanx| |80 B
lim = =
xag X E
2

Correct answer is [14].
Product of eigen values of matrix = | A|

o
A=

07
|A|=14-0=14

Option (d) is correct.

dy .
——+3y =1
dx+ Y ®
From(iP=3Q=1

Given,

For d_y+ Py=6
dx
IF _ eIde _ e3x
Solution of DE y.e* = Il.e“

= esx—€3x+c
Y- 3
1 3 .
= y :§+c.e ...(ii)
At x=0,y=1
1 :1+c:>c =%
3 3

Substitute the value of ¢ in (ii)

y =%+§.e’3" =y =%(1+Ze’3")
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66. Option (a) is correct.

67.

68.

-1

2L o oion(

1

.1 .
z$=—2(1—z)

L
2

Correct answer is [6.53].

Given, u(x,y,z) = x* -3yz

Vi =2xi — 3z}' - 3yl€

Vil 4 = (41 +12])
ejoak
D.D.(u) = Vu(Z,OA).]T
A A i+ j 2k
= (4 +12j). ==
J6
_4+12_16

NGENG
Correct answer is [0.25].
Given, Two unbiased dice are thrown.
Total number of outcomes are 36.
Events where sum of the outcomes of the
two dice is divisible by 4 = [(1, 3) (3, 1), (2, 2),
(2,6) (6,2) (3,5) (5,3) (4, 4) (6, 6)] = Favourable
outcomes = 9

69.

Probability
_ No. of favourable outcomes i B l 025
total outcomes 36 4
Correct answer is [0.566].
Given,
f(x)=e™—x and x, =0
fx)=-e"-1
Newton Raphson method, the iteration
formula.
x
Xpp1 =Xp = fr( Tl)
F(x)
First iteration
_ f (xo)
xl - xO ’
f'(x)
1 1
x,=0———=-—=0.5
= T T2
Second iteration
_ f(x)
Xy, =X —=
f (xl)
05 S0
£ (035)
=05- 0.107 =0.566
-1.607



