MATHEMATICS

GATE

Question Paper
2016 j)

ELECTRONICS AND COMMUNICATION (EC) P1

Q.1.

Q.3.

Let M* = I, (where I denotes the identity
matrix) and M # I, M*> # I and M® # L. Then,
for any natural number k, M~ equals:

(a) M4k +1 (b) M4k +2

(C) M4k +3 (d) M4k

. The second moment of a Poisson-distributed

random variable is 2. The mean of the random
variableis

Given the following statements about a
function f: R — R, select the right option:

P: If f(x) is continuous at x = x, then it is also
differentiable at x = x,,.

Q: If f(x) is continuous at x = x,, then it may
not be differentiable at x = X,

R: If f(x) is differentiable at x = x,, then it is
also continuous at x = x;,.

(a) Pistrue, Q is false, R is false

(b) Pis false, Q is true, R is true

(c) Pisfalse, Qis true, R is false

(d) Pistrue, Q is false, R is true

. Which one of the following is a property

of the solutions to the Laplace equation:

V=07

(a) The solutions have neither maxima
nor minima anywhere except at the
boundaries.

(b) The solutions are not separable in the
coordinates.

(c) The solutions are not continuous.

(d) The solutions are not dependent on the
boundary conditions.

. Consider the plot of f(x) versus x as shown

below.

Suppose F(x)= J. f(y)dy. Which one of the
-5
following is a graph of F(x)?

5 +5

@ =7 " Bk

1
. The integral —H(x+y+10)dxdy, where D
21 D

denotes the disc: x* + y2 < 4, evaluates
to

. A sequence x[n] is specified as

{ A Hl 1}"{1},@”:22
x[n-1] 1 0(]0

The initial conditions are x[0] = 1, x[1] = 1,
and x[n] = 0 for n <0. The value of x[12]
is

. In the following integral, the contour C

encloses the points 2ri and —2ni is

1 sinz

5 ¢3dz
me. (z—2mi)

The value of the integral is

. The region specified by {(p, ¢, z): 3<p <5,

g < < g, 3 £ z £ 45} in cylindrical

coordinates has volume of
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ELECTRONICS AND COMMUNICATION (EC) P2

Q. 10.

Q.11.

Q.12.

Q.13.

Q. 14.

Q. 15.

Q. 1e.

Q.17.

The wvalue of x for which the matrix
3 2 4

A=|9 7 13 | has zero as an eigen
-6 -4 -9+x

value is

Consider the complex valued function
flz) = 22° + b |z|® where z is a complex
variable. The value of b for which the
function f(z) is analytic is

As x varies from —1 to +3, which one of the
following describes the behaviour of the
function f(x) = -3+ 12

(a) f(x) increases monotonically.

(b) f(x) increases, then decreases and
increases again.
(c) f(x) decreases, then increases and

decreases again.
(d) f(x) increases and then decreases.

How many distinct values of x satisfy the
equation sin(x) = x/2, where x is in radians?
(@) 1 (b) 2

(c) 3 (d) 4 or more

Consider the time-varying vector I = %15
cos(wt) + /y\5 sin(wt) in Cartesian coordinates,
where © > 0 is a constant. When the vector
magnitude |I| is at its minimum value,
the angle 0 that I makes with the x axis (in
degrees, such that 0<6<180)is .

The  ordinary  differential  equation
%:—3x+2, with x(0) = 1 is to be solved

using the forward Euler method. The largest
time step that can be used to solve the
equation without making the numerical
solution unstableis

Suppose C is the closed curve defined as the
circe x* + y* = 1 with C oriented anti-
clockwise. The value of @(xyzdxﬂczy dy)

over the curve C equals

Two random variables X and Y are distributed
according to

(x+y), 0=x<1,0<y<1
fx,y(x,y)={

0, otherwise.
The probability P (X + Y < 1) is .

Q.18.

Q. 19.

Q. 20.

Q.21.

Q.22.

Q. 23.

Q. 24.

Q. 25.

The matrix A= has det

S O N X
oS © v ©
S N = W
S b W N

(A) = 100 and trace (A) = 14. The value of
|a — b is

ELECTRICAL ENGINEERING (EE) P1

The maximum value attained by the function
f(x) = x(x — 1) (x — 2) In the interval [1, 2]
is

Consider a 3 X 3 matrix with every element
being equal to 1. Its only non-zero eigen
value is .

The Laplace Transform of f(t) = e sin(5t) u(t)
is

5 5
@ ——— b
s> —45+29 s> +5
s—2 5
c) ——— d —
(c) s> —4s+29 @ s+5

A function y(t), such that y(0) = 1 and
y(1) = 3¢, is a solution of the differential
equation

A’y dy .

F-’_ZE-*_ y= 0. Then y(Z) 1S

(a) 5¢" (b) 5¢7>

(c) 7¢" (d) 7¢?

The value of the integral
CJ.) 2245 dz over the contour

|z| =1, taken in the anti-clockwise direction,
would be

24mi 4871
(@) (b) R

24 12
(©) E (d) E

Candidates were asked to come to an
interview with 3 pens each. Black, blue, green
and red were the permitted pen colours that
the candidate could bring. The probability
that a candidate comes with all 3 pens having
the same colouris

LetS = Y no" where |a| < 1. The value of a
n=0

in the range 0 < o < 1, such that S = 2a

is
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Q. 26.

Q. 30.

Q.31.

Q. 32.

Let the eigen values of a 2 x 2 matrix A be
1, -2 with eigenvectors x; and x, respectively.
Then the eigen values and eigenvectors of
the matrix A* — 3A + 41 would, respectively,
be

(@) 2,14; xq, x,
(© 2,0;x, x,

(b) 2,14; x;+ xp, X1 — X,
(d) 2,0; x;+xp x; - x,

. Let Abe a4 X 3 real matrix with rank 2. Which

one of the following statement is TRUE?

(a) Rank of AA is less than 2.

(b) Rank of A'As equal to 2.

(c) Rank of A'As greater than 2.

(d) Rank of A'A can be any number between
1and 3.

ELECTRICAL ENGINEERING (EE) P2

. Consider the function f(z) = z + z* where z is

a complex variable and z* denotes its complex
conjugate. Which one of the following is
TRUE?

(a) f(z) is both continuous and analytic

(b) f(z) is continuous but not analytic

(c) f(z) is not continuous but is analytic

(d) f(z) is neither continuous nor analytic

. A 3 X 3matrix P is such that, P® = P Then the

eigen values of P are

(@ 1,1,-1

(b) 1, 0.5 + j0.866, 0.5 —j0.866

(c) 1,-0.5 + j0.866, 0.5 —j0.866

(d)o1,-1

The solution of the differential equation
for t >0, y"(t) + 2y'(t) + y(t) = 0 with initial
Conditions y(0) = 0 and y'(0) = 1, is (u(t)
denotes the unit step function).

(a) teu(t) (b) (¢ - teyu(t)

(€ (e +tehu®) (d) elu(t)

The value of the line integral

J.(nyzdx +2x2y dy +dz) along a path joining
c

the origin (0, 0, 0) and the point (1,1, 1) is

@@ 0 (b) 2

(c) 4 (d) 6

Let f(x) be a real, periodic function satisfying
f(—x) = —f(x). The general form of its Fourier
series representation would be

(@) f(x)=ay+Y."  a cos(kx)
(b) f(x)=", " b sin(kx)

(€) f(x)=ay+Y.,  ay cos(kx)
(d) f(x)=>"7 A,y sin(2k+1)x

Q. 33.

Q. 34.

Q. 35.

Q. 36.

Q. 37.

Q. 38.

o (sin2nt
The value of the integral 2.[_00( j dt is

it
equal to
(@ 0 (b) 0.5
(0 1 (d) 2

Let y(x) be the solution of the differential

2

equation Ty _ 4d_y+ 4y=0 with initial
e dx

. dy
conditions y(0) = 0 and ol 1. Then the
x=0
value of y(1) is .
The line integral of the vector field

F=5xz f+(3x2+2y)}+xzzlg along a path
from (0, 0, 0) to (1, 1, 1) parametrized by
£ 1) is .

3
Let Pz{
1

X PO a x
such thata” + b” = 1, where =P .
y b y

Then S is
(a) acircle of radius /10

1
3}. Consider the set S of all vectors

(b) a circle of radius L

J10

(c) an ellipse with major axis along (%j

(d) an ellipse with major axis along [%}

Let the probability density function of a
random variable, X, be given as:

fr(x)= %e”jxu(x) +ae* u(-x)

where u(x) is the unit step function.
Then the value of 'a' and Prob {X < 0},
respectively, are

1 1
1 b) 4 -
(@) 2,2 ()4,2
1 1
1 d) 4~
(c) 2,4 ()4,4

MECHANICAL ENGINEERING (ME) P1

The solution to the system of equations

PR

@) 6,2 (b) 6,2
(c) -6, -2 (d) 6,-2
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Q. 39.

If f(t) is a function defined for all ¢ > 0, its
Laplace transform F(s) is defined as

() [(;"’esf F(t)dt (b) jo“’ e~ f(t)dt

© [TeMpwd (@ [ e ot

Q. 40. f(z) =u(x, y) + iv(x, y) is an analytic function

Q. 41.

Q. 42.

Q. 43.

Q. 44.

Q. 45.

Q. 46.

of complex variable z = x + iy where i = J-1.
If u(x, y) = 2 xy, then v(x, y) may be expressed
as

(a) -+ yz + constant

(b) X yZ + constant

(c) 2+ yZ + constant

(d) —(x2 + yz) + constant

Consider a Poisson distribution for the
tossing of a biased coin. The mean for this
distribution is p. The standard deviation for
this distribution is given by

(@ Vk (b) 12

(©) u (d) Vp

Solve the equation x = 10 cos(x) using the
Newton-Raphson method. The initial guess
is x = n/4. The value of the predicted root
after the first iteration, up to second decimal,
is

Consider the function f(x) = 2x° - 3x% in the

domain [-1, 2]. The global minimum of f(x)

1S

If y = f(x) satisfies the boundary value
problem y” + 9y = 0, y(0) = 0, y(n/Z):\/Z
theny(n/4)is .

The value of the integral

T sinx .
I dx evaluated using contour

Joxte2x+2
integration and the residue theorem is
(a) —msin(1)/e (b) —mcos(l)/e
(c) sin(1)/e (d) cos(l)/e

Gauss-Seidel method is used to solve the
following equations (as per the given order):
Xy +2xy+3x3=5

2%+ 3x, tx3=1

3x; + 2xy +x3=3

Assuming initial guess as x; = x, = x5 = 0, the
value of x; after the first iterationis

Q. 47.

Q. 48.

Q. 49.

Q.51.

Q.52.

Q. 53.

MECHANICAL ENGINEERING (ME) P2

The condition for which the eigen values of

21
the matrix A = L k} are positive, is

(a) k> 12 (b) k> -2
(c) k>0 (d) k< —-12
The values of x for which the function
f(x)= —xj — 3%~ 40 NOT continuous are
x“+3x-4
(a) 4and —1 (b) 4and 1
(c) —4and1 (d) —4and -1
Laplace transform of cos(w f) is
5 ®
(a) s? + 0 (b) s% + o
s ®
(© 52— @ s% — o

. A function f of the complex variable z = x + iy,

is given as f(x, y) = u(x, y) + v (x, y) where
u(x, y) = 2kxy and o(x, y) = x* — y>. The
value of k, for which the function is analytic,
is

Numerical integration using trapezoidal
rule gives the best result for a single variable
function, which is
(a) linear

(c) logarithmic

(b) parabolic
(d) hyperbolic
A scalar potential ¢ has the following
gradient: Vo= ny + xz} + xyl%. Consider the
integral I c VodF on the curve 7 = xi + yj’ +zk.
The curve C is parameterized as follows:
x=t
y =t and 1<t < 3. The value of the integral
z =3t
is

The value of q.)l_ ( 325 dz along a closed
z

-1) (z-2)
path T is equal to (4 mi), where z = x + iy and
i =+/—1. The correct path T is

A

(@)
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Q. 55.

Q.57.

Yy
A
r
(®) f\\ o
Yy
A
T
© | /.\\‘x
y
r
d | X
(d) 5 i< 5—|—>2

. The probability that a screw manufactured by

a company is defective is 0.1. The company
sells screws in packets containing 5 screws
and gives a guarantee of replacement if one
or more screws in the packet are found to
be defective. The probability that a packet
would have to be replacedis

The error in numerically computing the

integral J‘; (sinx+cosx)dx  using the

trapezoidal rule with three intervals of equal
length between 0 and = is

MECHANICAL ENGINEERING (ME) P3

. A real square matrix A is called skew-

symmetric if

(a A'=A (b) A" =A"
(¢ AT=-A (d A'=A+A"
Lt w is equal to
x—0 e X -1
1

0 b) —
(@) (b) o

4
(0 3 (d) 1

. Solutions of Laplace’s equation having

continuous second-order partial derivatives
are called

(a) biharmonic functions

(b) harmonic functions

(c) conjugate harmonic functions

(d) error functions

Q. 59.

Q. 60.

Q. 61.

Q. 62.

Q. 63.

Q. 64.

Q. 65.

Q. 66.

The area (in percentage) under standard
normal distribution curve of random variable

Z within limits from —3 to +3 is

The root of the function f(x) = +x-1

obtained after first iteration on application of
Newton — Raphson scheme using an initial
guess of x, = 11is

(a) 0.682 (b) 0.686

(c) 0.750 (d) 1.000

The number of linearly independent
210

eigenvectors of matrix A=0 2 0fis__ .
0 0 3

The value of the line integral f F.r’ ds where

. . . 4 .
C is a circle of radius —— units is

Jn
l_z(x,y) = yf + zxj and ' is the UNIT tangent

vector on the curve C at an arc length s from

. Here,

areference point on the curve. i and j are the

basis vectors in the x-y Cartesian reference. In
evaluating the line integral, the curve has to

be traversed in the counter-clockwise
direction.

lim, , Vx*+x-1-xis

(@0 (b)

(c) 12 (d) —o

Three cards were drawn from a pack of

52 cards. The probability that they are a king,
a queen, and a jack is

16 64

(a) 5505 (b) 2197
3 8

© 3 @ Te575
CIVIL ENGINEERING (CE) P1

Newton-Raphson method is to be used to
find root of equation 3x —¢* +sinx = 0. If the
initial trial value for the root is taken as 0.333,
the next approximation for the root would
be .

(Note: answer up to three decimal)

The type of partial differential equation

*P 0P 0*P . oP OP . .
—+—+3—+2———=01s:
ox* ay*  oxdy  ox Oy

(a) elliptic

(c) hyperbolic

(b) parabolic
(d) none of these
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Q. 67.

Q. 68.

Q. 69.

Q.71.

Q. 72.

Q. 73.

If the entries in each column of a square

matrix M add up to 1, then an eigen value of

Mis

(a) 4 (b) 3

(9 2 (d 1

Type II error in hypothesis testing is

(a) acceptance of the null hypothesis when it
is false and should be rejected

(b) rejection of the null hypothesis when it is
true and should be accepted

(c) rejection of the null hypothesis when it is
false and should be rejected

(d) acceptance of the null hypothesis when it
is true and should be accepted

The solution of the partial differential

equation ou_ aaz—u is of the form

ot ox?

(a) Ccos(kt) [Cle(\/"/"‘”C " Cze’(\/"/—“)x }

(b) Cet| €/ e |

(c) Ce [Cl cos(yk / a)x+C, sin(—k / oz)x]
(d) Csin(kt) [Cl cos(fk / a)x +C, sin(—/k / a)x]

. Probability density function of a random

025 if1<x<5
variable X is given below f(x)= {0 loch:w;e
P(X <4)is

3 1
2 b) =
@ 7 ®) 2
1 1
d d) =
© 7 @ 3
The value of jw ! dx + Iw S gxis
0 142 0 x
@ 7 (b)
3n
) = d) 1
(© 5 (d)

The area of the region bounded by the
parabola y = x> + 1 and the straight line
x+y=3is

59 9
10 7
(©) 3 (d) 3

The magnitudes of vectors I, Q and R are
100 kN, 250 kN and 150 kN, respectively as
shown in the figure.

Q. 75.

Q. 76.

Q. 77.

The respective values of the magnitude
(in kN) and the direction (with respect to the
x-axis) of the resultant vector are

(a) 290.9 and 96.0°  (b) 368.1 and 94.7°

(c) 330.4 and 118.9° (d) 400.1 and 113.5°

. Therespective expressions for complimentary

function and particular integral part of the
solution of the differential equation

%+ 321;—32/ =108x” are

(a) [cl +CyX +c58in Bx+ c, COS x/gx}
and [3x4 —12x* +C:|

(b) [czx +¢5sin V3x+ C4 COS x/gx}
and [Sx4 —12x% + c]

(c) [cl +c58in V3x + c4 COS \/§X:| and
[39(4 —12x% + c]

(d) [cl +03X + 5 8in x+ C, COS x/gx]
and [53(4 —12x* +c]

CIVIL ENGINEERING (CE) P2

The spot speeds (expressed in km/hr)
observed at a road section are 66, 62, 45, 79,
32, 51, 56, 60, 53, and 49. The median speed
(expressed in km/hr)is

(Note: answer with one decimal accuracy)
The optimum value of the
flx) = X —dx + 2is

(a) 2 (maximum) (b) 2 (minimum)
(¢) —2 (maximum) (d) —2 (minimum)

function

The Fourier series of the function,
fix) =0, —n<x<0
=T—x, O<x<m
In the interval [-=, ©t] is
flry=T 4 2| oSy cosSx
4 T 12 32
sinx sin2x sin3x
+ + o
1 2 3
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Q. 78.

Q. 80.

Q. 81.

The convergence of the above Fourier series
atx = 0 gives

o) 1 2 n+1 2
D e
n=1 N n=1
il 1 n+1
R
© L7 8“122”1 =1

Xand Y are two random independent events.
It is known that P(X) = 0.40 and P(X U Y°)
=0.7.

Which one of the following is the value of
PXuUY)?

(a) 0.7 (b) 0.5
(c) 04 (d) 0.3
. What is the value of lim ny 52
x—=0 x +y
y—0
(@) 1 (b) -1
(0 (d) Limit does not exist

Consider the following linear system.
xX+2y—3z=a

2x+3y+3z=b

Sx+9y—6z=c

This system is consistent if 4, b and ¢ satisfy
the equation

@7a—-b—c=0 (M)3a+b—-c=0
(¢)3a—b+c=0 (d)7a—-b+c=0

If f(x) and g(x) are two probability density
functions,

X +1 —a<x<0
a
x
f(x)=<-=+1 0<x<a
a
0 . otherwise
X —a < x<0
a
g(x)= kd 0<x<a
a
0 otherwise

Which one of the following statements is

true?

(a) Mean of f(x) and g(x) are same; Variance
of f(x) and g(x) are same

(b) Mean of f(x) and g(x) are same; Variance
of f(x) and g(x) are different

(c) Mean of f(x) and g(x) are different;
Variance of f(x) and g(x) are same

Q. 82.

Q. 83.

Q. 84.

Q. 85.

Q. 86.

Q. 87. lim
Q. 88.

Q. 89.

Q. 90.

Q.91.

Q. 92.

(d) Mean of f(x) and g(x) are different;
Variance of f(x) and g(x) are different

The angle of intersection of the curves x* = 4y

and yz = 4x at point (0, 0) is

(a) 0° (b) 30°

(c) 45° (d) 90°

The area between the parabola = 8y and

the straight line y = 8 is .

The quadratic approximation of f(x) = x’—3x* -5

at the point x = 0 is

(@) 3 —6x-5 (b) -3x* -5
(© 3% +6x-5  (d) 3:*-5
COMPUTER SCIENCE (CS) P1

Let p, g 1 s represent the following

propositions.

p:xe{8,9 10,11, 12}

g : x is a composite number

r: x is a perfect square

s : x is a prime number

The integer x > 2 which satisfies : —=((p = q) A

(=1 v—s)) is

Let a, be the number of n-bit strings that do

NOT contain two consecutive 1s.Which one of

the following is the recurrence relation for a,,?

@ a,=a,,+2a,, (b)a,=a,,+a,,

(c) a,=2a, +a,, (d) a,=2a, +2a, ,

sin(x—4)
x—4

A probability density function on the interval

[a,1]is givenby 1/ x*and outside this interval

the value of the function is zero .The value of

ais

li _

x—4

Two eigen values of a 3 x 3 real matrix P are
(2+4/-1) and 3. The determinant of P is

The coefficient of x'? in (x3 +x 04+ xé-i-...)3
is

Consider the recurrence relation a; = 8,
a, = 6n” + 2n + a,_q- Letagy = K x 10*. The
value of Kis_

A function f: N"— N7, defined on the set of
positive integers N, satisfies the following
properties:

f(n) = f (n/2) if n is even

f(n) = f(n+5) if nis odd

Let R = {il 3j: f(j) = i} be the set of distinct
values that f takes. The maximum possible
size of Ris
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Q. 93.

Q. 9%4.

Q. 95.

Q. 96.

Q. 97.

Q. 98.

Consider the following experiment.

Step 1: Flip a fair coin twice.

Step 2: If the outcomes are (TAILS, HEADS)
then output Y and stop.

Step 3: If the outcomes are either (HEADS,
HEADS) or (HEADS, TAILS), then output N
and stop.

Step 4: If the outcomes are (TAILS, TAILS),
then go to Step 1.

The probability that the output of the
experiment is Y is (up to two decimal
places) .

COMPUTER SCIENCE (CS) P2

Consider the following expressions:

(i) false (ii) Q

(iii)true (iv) PvQ

(v) -QvP

The number of expressions given above that

are logically implied by PA (P = Q)is

Let f (x) be a polynomial and g(x) = f’(x) be its

derivative. If the degree of (f (x)+ f (—x)) is 10,

then the degree of (g(x)—g(—x))is__ .

The minimum number of colours that is

sufficient to vertex - colour any planar graph

is_

Consider the systems, each consisting of m

linear equations in n variables.

I. If m < n, then all such systems have a
solution

II. If m > n, then none of these systems has
a solution

IIL If m = n, then there exists a system which
has a solution

Which one of the following is CORRECT?

(a) I, I and III are true

(b) Only II and III are true

(c) Only Il is true

(d) None of them is true

Suppose that a shop has an equal number

of LED bulbs of two different types. The

probability of an LED bulb lasting more than
100 hours given that it is of Type 1is 0.7, and
given that it is of Type 2 is 0.4. The probability
thatan LED bulb chosen uniformly at random
lasts more than 100 hoursis

Q.99. Suppose that the eigen values of matrix A

are 1, 2, 4. The determinant of (A_l)T is

Q. 100. A binary relation R on NxN is defined as

follows: (g, b) R (¢, d) if a <c or b <d. Consider
the following propositions:

P: R is reflexive

Q: Ris transitive

Which one of the following statements is
TRUE?

(a) Both P and Q are true

(b) Pis true and Q is false

(c) Pisfalse and Q is true

(d) Both P and Q are false

Q. 101. Which one of the following well-formed

formulae in predicate calculus is NOT valid?
@) (Vxp(x)) = Vxq(x)) = Gx—plx v Vxq(x))
(b) (B3x p(x) v 3xg(x)) = 3x (p(x) v 4(x))

(c) 3x (p(x) A q(x)) = (Bx p(x) A Fx 9(x))

(d) Vx (p(x) v 4(x)) = (Vx p(x) v Vx q(x))

Q. 102. Consider a set U of 23 different compounds

in a Chemistry lab. There is a subset S of U

of 9 compounds, each of which reacts with

exactly 3 compounds of U. Consider the

following statements:

I. Each compound in U \ S reacts with an
odd number of compounds.

II. At least one compound in U \ S reacts
with an odd number of compounds.

III. Each compound in U \ S reacts with an
even number of compounds.

Which one of the above statements is

ALWAYS TRUE?

(@) OnlylI

(c) Only III

(b) Only I
(d) None

Q. 103. The value of the expression 13”(mod 17), in

the range 0 to 16, is .
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Answer Key
Q. No. Answer | Topic Name Chapter Name
1 (o) Matrix Linear Algebra
2 1 Poisson Distribution Probability and Statistics
3 (b) Continuity and Differentiability Calculus
4 (@) 2nd Order Equation Solution Differential Equations
5 (©) Functions Calculus
6 20 Double Integration Calculus
7 233 Recursive Relation Numerical Analysis
8 -133.87 Cauchy's Integral Complex Variable
9 4.712 Volume Intergral Vector Calculus
10 1 Eigen Value Linear Algebra
11 0 Analytic Function Complex Variable
12 (b) Increasing/Decreasing Functions Calculus
13 (o) Functions Calculus
14 90° Basics Vector Analysis
15 0.66 Euler Method Numerical Analysis
16 0 Green's Theorem Vector Calculus
17 0.33 Probability of RV Probability and Statistics
18 3 Determinant Linear Algebra
19 0 Functions - Maximum Value Calculus
20 3 Eigen Value Linear Algebra
21 (@) Lapalce Transform Transform Theory
22 (b) 2™ Order Equation Solution Differential Equations
23 (b) Cauchy's Integral Complex Variable
24 0.2 Probability Probability and Statistics
25 0.293 Sequence and Series Calculus
26 (@) Eigen Value Linear Algebra
27 (b) Rank of Matrix Linear Algebra
28 (b) Analytic Function Complex Variable
29 (d) Eigen Value Linear Algebra
30 (@) 2" Order Equation Solution Differential Equations
31 () Line Integral Vector Calculus
32 (b) Fourier Series Transform Theory
33 (d) Definite Integral Calculus
34 7.4 2™ Order Equation Solution Differential Equations
35 4.42 Line Integral Vector Calculus
36 (d) Vector Space Vector Analysis
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Q. No. Answer | Topic Name Chapter Name
37 (@) Probability Density Function Probability and Statistics
38 (d) System of Linear Equations Linear Algebra
39 (b) Laplace Transform Transform Theory
40 (@) Analytic Function Complex Variable
41 (@) Poisson Distribution Probability and Statistics
42 1.56 Newton Raphson Method Numerical Analysis
43 -5 Global Maximum/Minimum Calculus
44 -1 2™ Order Equation Solution Differential Equations
45 (@) Residue Theorem Complex Variable
46 -6 Gauss-Seidel Method Numerical Analysis
47 (@) Eigen Value Linear Algebra
48 (c) Functions Calculus
49 (@) Laplace Transform Transform Theory
50 -1 Analytic Function Complex Variable
51 (@) Trapezoidal Rule Numerical Analysis
52 726 Line Integral Vector Analysis
53 (b) Cauchy's Integral Complex Variable
54 0.41 Probability Probability and Statistics
55 0.1862 Trapezoidal Rule Numerical Analysis
56 (c) Properties Linear Algebra
57 (c) Limit Calculus
58 (b) Harmonic Functions Complex Variable
59 99.7 Normal Distribution Probability and Statistics
60 (c) Newton Raphson Method Numerical Analysis
61 2 Eigen Vector Linear Algebra
62 16 Line Integral Vector Analysis
63 (c) Limit Calculus
64 (@) Probability Probability and Statistics
65 0.360 Newton Raphson Method Numerical Analysis
66 (c) Partial Differential Equation Differential Equation
67 (d) Eigen Value Linear Algebra
68 (@) Error Numerical Analysis
69 (b) Partial Differential Equation Differential Equation
70 (@) Probability Density Function Probability and Statistics
71 (b) Definite Integral Calculus
72 (b) Application of Integration Calculus
73 (c) Vector Algebra Vector Analysis
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Q. No. Answer | Topic Name Chapter Name
74 (@) Higher Order Differential Equations Differential Equation
75 54.5 Median Probability and Statistics
76 (d) Global Maximum/Minimum Calculus
77 (c) Fourier Series Transform Theory
78 (a) Random Variable Probability Probability and Statistics
79 (d) Two Variable Functions Calculus
80 (b) System of Linear Equation Linear Algebra
81 (b) Mean and Variance Probability and Statistics
82 (d) Vector Algebra Vector Analysis
83 85.33 Application of Integration Calculus
84 (b) Taylor Series Calculus
85 11 Sets Discrete Mathematics
86 (b) Recurrence Relation Combinatrics
87 1 Limit Calculus
88 0.5 Probability Density Function Probability and Statistics
89 15 Determinant Linear Algebra
90 10 Sum of Series Calculus
91 198 Recurrence Relation Combinatrics
92 2 Group Discrete Mathematics
93 0.33 Probability Probability and Statistics
94 4 Prepositional Discrete Mathematics
95 Functions Calculus
96 4 Matching and Coloring Graph Theory
97 (c) System of Linear Equations Linear Algebra
98 0.55 Probability Probability and Statistics
99 0.125 Determinant Linear Algebra
100 (b) Prepositional Discrete Mathematics
100 (d) Recurrence Relations Discrete Mathematics
102 (b) Sets Discrete Mathematics
103 4 Powers Basic Mathematics
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ANSWERS WITH EXPLANATIONS

1. Option (c) is correct.
Given Mt =1

M¥ =1
MiMT =M™
M2 =M~
MI=M"I
M3+4k — M—l

Now, from option (c) M3 putK=0,1, 2....
where k is a natural number.

2. Correct answer is [1].
For Poisson Distribution second moment

E(x2)=2

Variance V(X)= E(XZ)—[E(X)T,

Let mean = x

x=2-% [6°=p=2]
= x*+x-2=0
— x = 1,-2,ignoring negative value

mean =x =1
3. Option (b) is correct.
It is not necessary that continuous function
is differentiable but differentiable function is
always continuous.
Therefore, statement P is false, and Q and R,
are true.

4. Option (a) is correct.
The solutions have neither maxima nor minima
anywhere except at the boundaries.

5. Option (c) is correct.
F(x)= [ f(y) dy
-5

Differentiating on both sides

L

= f(x)-x'= £(-5)-(-5) = f()
F(x)=f(x),

-ve for x -5to0

now, f () i{

+ve for x 0tob

increasing for x -5to0

So,F(x) i{

Correct answer is [20].

decreasing for x Oto5

Converting to polar coordinate.

A

A .
N

DISC: x> + 12 <4

- i[i(x+y+10)dxdy

2n

2
1 .f .f (rcos®+rsin0+10)rdrdd

21,2060

2 2n
j (rz cosO+r2sin®+ 10r) drd©
T, Zo0=0

2n (3 3 22
:ij 7 080+ —sin0+10°— | do
E 3 2),

2
(§cose+§sin9+20j do
3 3 0

2n

= i(ﬁsine—gcosBJrZOGJ

2n\ 3 0

1

“2n

(20(2)-0)
since integration of sin or cos function for one

complete cycle is 0

:ix40n:20
T
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7. Correct answer is [233]. ( 5)2 3 ( 3)2

{izz)_n}ﬁ ﬂn{;},nzz =TX(Z—§j (45-3)

= 8><§><l.5 —4.712 m3

n=2
_x(Z)_ 1 171 . 2 101 ]2 10. Correct answer is [1].
x(l) 11 0l 1ol 11 1ol |1 Given one of the eigen value is zero and product
} T ) of eigen values of a matrix = determinant of matrix.
x2) =2,x(1) =1 @) A=
V] 1 1Pr (s o
IR RN 2
[x(2)] [T 0] [0] [2 1] Al=|o 7 13 |=0
x(3) = 3,x(2) =2 ...(ii) 6 -4 —94x
From the above observation we get From the property of determinant when two
x(n) =x(m-1)+x(n-2) rows or columns have linear dependence then
x@d)=x@)+x@2)=3+2=5 determinant is zero.
xG)=x@#)+x(B3)=5+3=8 If x = 1, then we have R; = -2R;
x@6)=x()+x4)=8+5=13 So, |A] =0forx =1
x(7)=x(6)+x(5)=13+8=21 11. Correct answer is [0].
x@®) =x(7)+x(6)=21+13 =34 . . B . .
x(9) = x(8) + x(7) = 34 + 21 = 55 Given f(z)=2z"+blz|" is an analytic function.
X (10) =89 This is possible when b =0
x (11) = 144 - |z’is differentiable at origin but not analytic,
x (12) = 233 273 is analytic everywhere.
8.  Correct answer is [-133.87]. - b =0 for function to be analytic.
By Cauchy's Integral formula for derivatives 12. Option (b) is correct.
_ 95 f Given
2mi "*1 f(x)=x>-3x*+1
' 2
. 1 smz.3 dz:—if (70)’ f'(x)=3x*—6x = 3x (x-2)
27 (z—2m)) 2! f’(x)=0:>x:0,x:2
for f(z)=sinz, zy =2mi = f(x)=3x"-6x
f'(z)=cosz, f "( z)=-sinz being quadratic so on number line

+ove() —ve 2 +ve

=L2{—sin(2ni)} =_L2{i sin h(Zn)}

- Therefore, f(x) is increasing from x = -1 to 0,
[ sin(ix) =i sin h(x)] decreasing from x = 0 to 2 then increasing from
x=2to3.
1 .
- h(2r) = -133.87 13. Option (c) is correct.
9. Correct answer is [4.712]. y=sinx oy _
Volume of cylinder in cylindrical coordinates / {

will given by. m %PW
457 5 J P, \/‘ !
V= I _[ j pdpdddz [ dv:pdpdd)dz] >,

8 X
5 . sinx =—

2 kd
:% ><(|)|§ ><z|;1'5
38

From the graph clearly, there are 3 distinct
points of intersection on graph.
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14. Correct answer is [90°]. 17 5 1y 1 2
. : I _ | (=w)
The time varying vector = j —tyx| dy= J 5 y(1-y) |dy
I=x15cos(wt)+y5sin (o) v 0 v=0
Wh (147 i #Y) 11
en0=0=|I|=15 wI=x15 = dy==|y-=—| ==|1-=(=0.33
1] [ ] I( ]y Z(y BJO 2[ 3j
When 6 === =5 [+ 1=95] .
2 18. Correct answer is [3].
.. the magnitude of I lies between 5 to 15 for Given trace (A) = 14 = sum of diagonal
any value of 0. elements of matrix.
Tc = a+5+2+b=14
So, the value of 0 = — or 90° that makes the |I| .
2 = a+b=7 ...(i)
value minimum. Given, |A| =100
15. Correct answer is [0.66]. 2 0 3 7
Given ax =—3x + 2; initial condition x (0) = 1 251 3
dt = 00 2 4° 100
Solution of given differential equation is stable, 00 0 b
if [1-3n| <1
~1<1-3h<1 °03
< 3L <0 = b|2 5 1|=100
2 00 2
O<h<=
3 - pal® ° ‘: 100
h=0.66 25
So, maximum value of 1 = 0.66. 10 ab = 100 ...(ii)
16. Correct answer is [0]. ab =10
Given Cisacircle x* +y* =1 and (a _b)z =(a +b)2 —4gb
d 2 2
Let ¢(x,y):xy2:>d—$:2xy = (a—=b)" =(7)"-4x10
d = (a=b)" =
v(x,y)=x"y= Y oy
dx = a-b=43
gg(xyzdx+yx2dy) C.ﬁ(¢(x,y)dx+\y(x,y)dy) = |a-b[=3
C C 19. Correct answer is [0].
2
J‘J‘(‘jj\lf d¢]dxdy J‘J‘ 2y~ 2xy) =0 f(x)=x(x-1)(x-2) =x(x —3x+2)
X
R

= x> —3x% +2x

By Green’s theorem
By : f’(x):3x2—6x+2

17. Correct answer is [0.33].
The joint probability Density function is— fl(x)=0=>x=1t—

[

But the given interval is [1, 2] So, x =1+ i

NE

=1+ i is a stationary point.

fr(9) {(ery) 0<x<1,0<y<1 x =1, 2 are end point.
xy\ X Y)= . 1
' 0 otherwise 1+— |=-0.3848
P(X+Y<1)= j [I (x+y)dx}dy f(1)=0,£(2)=0
y=0\x=0 - maximum value of given function is 0.
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20. Correct answer is [3].

Ax =)\x
11 1)1 1 1f|x X
ForA=|1 1 1[,|]1 1 1||x,|=4|x,
11 1)1 1 1]|xg X3

= X{+X, +X3 =AX;
= Xy +X, +X3 =Ax, ; issatisfiedif A =0
= X+ Xy + X3 =AX;3
or if X = Xy = X3
giving A=3
21. Option (a) is correct.
f(t)=e* sin(5¢)u(t)
5
Lisin(5t)u(t); =
foin(st)u)} -
Using frequency shifting property at s, = 2

L{e® sin (5¢)u ()} = m

B 5
s% —25+29
22. Option (b) is correct.

Given DE is
(D*+2D+1)y=0

AE > m? +2m+1=0

= m=-1,-1
y=e¢'(C +Cyt)
att=0, y=1
= C =1
att=1, y:3e’1

= ' (1+C,)=3¢"

= C,=2
y=c"'(1+2t)
y(2)=e?(1+2(2))
y(2)=5¢

23. Option (b) is correct.
Singular points are

(z—lj(zz—4z+5)=0:>Z=l,Z=Zii
2 2

Given that |z/<1 so only z =% lies inside the

contour
Using Cauchy’s integral formula

(ﬁ ] 22:—5 dz
C(z—zj(z —4z+5)
B 2z+5
_f(z2—4z+5)
)
2
1
Z :E

2 1 +5 .
2 _ 48mi
2 - 13
BROE
2 2
24. Correct answer is [0.2].
All 3 pens of same colour can be done in 4 ways
(all red, all green, all black, all blue) 2 pens
of same colour can be selected in 4 X 3 ways
(4 ways of selecting 2 pens of same colour and
the other 1 pen can be picked in 3 ways.)
No pen of same colour can be choose in C (4, 3)
ways
.. Probability of all 3 pens of same Colour

_ No. of ways of selecting 3 pens of same colour
Total number of ways of selecting 3 pens

4
T[4+(473)+C(4,3)]
- 202

20

25. Correct answer is [0.293].

Given S:ina”
n=0
= 20.=a+20%+3a° +........
= Za:a[1+a+2a+3a2+ ........ ]
= 20 = o 5 if |OL|<1
[1-a]
= [l-o]?=2
2 1
1- ==
~ (ap-l
a=1 1f O<ax<l
= =1-—for a
V2
= a =0.293
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26. Option (a) is correct.
Given eigen values of the matrix are 1, -2.
Eigen values for

A% —3A +4I will be given by
h =(1)?-3(1)+4=2
by = (-2)° =3(-2)+4=14

Eigen values are 2, 14.

A?-3A+41 will have the same eigen

vectors x; and x,.
27. Option (b) is correct.

Given [A], . matrix having rank is 2.
Using the properties of rank of matrix
o(A7) =04
= p(ATA)=p(AAT)=p(A) =2
28. Option (b) is correct.
f(z)=z+2"

z=x+iy,z"  =x—iy

Given

z+z" =x+iy+x—iy=2x
u=2x,v=0
u, =2, u, = 0
v, =0,0,=0
Cauchy Riemann equations is not satisfied.

f(z) is continuous but not analytic.

29. Option (d) is correct.
Using Cayley Hamilton theorem.

A=
= A -n=0
= x(xz—l):o

= A=0, and2*-1=0
= A==1
A=%1,0
30. Option (a) is correct.
DEis

y'(t)+2y'(t)+y(t)=0
Taking laplace transform
[5Y(5) = sy(0)~y'(0) |+ 2[sY(5) = y(0)] + Y (5) = 0

(0)+y'(0)+2y(0)
- Y(S):Sy SZJ-/FZS-f-ly

Given y'(0)=1, y(0)=0

31.

32.

33.

34.

1 1
Y(s)= =
( S +25+1  (s+1)
= y(t)=teu(t)
Option (b) is correct.

F= 2xy22+2x2]/3'+12
Equation of straight line passing through the
given coordinates (0, 0, 0) and (1, 1, 1).
1 1 1
= dx=dy=dz=dt

1
Ixyzdx +2x%ydy +dz = j 263dt +263dt + dt
C t=0

1

= [ (4 +1)dr =] +4]

[ st)a=[r o]
=2

Option (b) is correct.

f(x) is periodic function and for odd periodic

function, Fourier series contains only harmonics

of sine this is satisfied by relation

f(x)= gbk sin (kx)

Option (d) is correct.
Fourier transform of

2sin(tt/2
w%znrectLQJ
T

sin (2mt) . rect(ﬁj
it 47
% sin (2t .
g I Me_Jmtdt = rect (2j (i)
it 4n

—00

Put ©=0 in (i
]? sin (2mt)

dt=1
ot
% sin(2m)
= 2f —dt=2

Correct answer is [7.4].
Given DE is (D> —4D+4)y =0
AE > m* —4m+4=0
(m-2) =0=>m=2,2
solution y = (C; +C,x) (i)
At y(0)=0=>C; =0
y'(x) = & {2(C, + Cyux) + Cy)
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35.

36.

At ¥'(0)=1=1=C,

Putting the value of C; = 0 and C, = 1in (i)

y= erx

y(1)=¢*=7.389="74
Correct answer is [4.42].
F= 5xzf+(3x2 +2y)}'+xzzlz
x=ty=t*;z=t = dx = dt;dy = 2tdt;dz = dt
= Iszdx + (sz + Zy)dy +x%zdz

tdt+(3t 42t )2tdt+t3dt
5t2dt + 10£3dt + £2dt

5t2dt + 1134t

[
-
s
-!

£ #Y 5 11 20433 53
5| —| +11| — | =—+—= =
3 0 4 0 3 4 12 12
= 44167 = 4.42
Option (d) is correct.

1
Given P= {3 }
1 3

Ay Mg

a=3x+y;, b=x+3y

U

a? +b% =
(3x+y)2
9x? +6xy+y2 +x? +6ch+9y2 =1
10x2 +1Oy2 +12xy =1

+(x+3y)2 =1

¥ +y* +12xy =0.1

Uy U U

4y +12xy-01=0

(rty) (-9,
1 1
8 2
With a < b, it represents an ellipse.
Major Axis=x+y =0
Minor Axis = x-y =0

. - 1
So, minor axis is along [J

1) . .
.. vector [1] lies on y = x line.

37. Option (a) is correct.

ae*™  x<0

Gi PDF f,(x)=
iven fe (%) ée,gx >0

o0

I fe(x)dx =1

—00

We know
0

:[an“dx +I%e‘3x =1

3 a4 )
4x 0 Zer
4 ), -3 Jo

=

=1

NI

3

+_

6

= a
1

=2
a

P[x<0

[

4 2
38. Option (d) is correct.

By verification method,

5 L)

39. Option (b) is correct.

According to definition of Laplace transform

FS) = Te’“f(t)dt ;20
0
40. Option (a) is correct.
Given u(x,y)=2xy
From the definition of total derivative

o= L axr Py

ox oy

[from CR equations]

u(x,y) =2xy

—=2y;,—=2x
7 x Y oy

From equation (i)
dv = -2xdx + 2ydy

Integrating (ii) we have

2 2
v=-2 X +2 ¥ + constant
2 2

=  v=-x*+y*+ constant

)

...(ii)



ENGINEERING MATHEMATICS SOLVED PAPER - 2016

219

41. Option (a) is correct.

We know for Poisson Distribution mean =

variance = p
standard deviation =~/'variance = \/H

42. Correct answer is [1.56].
Given, f(x)=x-10cos(x) and x, = (g]

f'(x)=1+10sin(x)

=_10
4 2) m 62857

T
X=X, — =— =
P f(x,) 4 [ 10} 4 80711
1+—
V2
x; =1.5641 =~ 1.56
43. Correct answer is [-5].
f(x)=2x" -3x*
f'(x)=6x*-6x

in[-1,2]

f(x)=0 = 6x*-6x=0

=6x(x-1)=0=x=0,x=1

Function value at end points and stationary

points.
f(0)=0
f(-)=-5
f(1)=-1
f(2)=4

global minimum is -5 at x = -1.
44. Correct answer is [-1].
Given Differential equation is
y'+9y=0
= (D?*+9)y =0
AE »>m*+9=0
m==23i
solution
y =C; cos3x+C, sin3x

atx=0;y=0
= 0=C;cos0+ C,sin0
= C1=0
at ng;y=«/5

= V2=C, sin3§

= _\/EZCZ

Q)

From (i)
= ]/:(O)COS3X—\/ESin3X
= Yy =—J2sin3x

i T 1
— |==J/2sin3| = |=—/2| =|=-1
y@ o (4] f(ﬁJ
45. Option (a) is correct.

siny =1 (eix)

iz

e

zy =

f( z2% +2z+42

-2+.4-4(2) - —
. poles of f(z)= @) _ 244
2 2
:—ZJ_r21:_1+
2

z = —1+1i is the pole lying in upper half of z plane.
Res f(z)= lim {z—(-1+i)}

214 z—>—1+i
iz
{z—(-1+i)}{z—(-1-i)}
iz Si(1+)
lim — = , ,
z—>71+i{z+(1+z)} {(—1+1)+(1+z)}
ol il
T2 2 2ie
iz i i
[z =2mi| | =
cz +2z+2 2ie e
=£(cosl—isin1)
e
,[ sin z dZ:n(—sin(l)):_nsin(l)
sz+2z+2 e e

46. Correct answer is [-6].
Let the equation are
x+2y+3z=5

2x+3y+z=1
3x+2y+z=3

And x,=0,y,=0,z,=0

Then first iteration —
xy=5-2y,-3z,=5-0-0=5

v =%(l—2x1—zo)=%(1—2(5)—0):— 3

2, =3-3x, -2y, =3-3(5)-2(-3)=- 6

So, x3=2z,=-6
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47.

48.

49.

50.

51.

Option (a) is correct.

21
A =
1 k
Let A, ), are the eigen values of [A], ,

We know |A| = }\41 -}\42

|A|=2k-1

Ay, >0
= 2k-1>0

2

AndA; + Xy =>0
= Trace of A > 0
= 2+k>0
= k> -2 ...(ii)
From (i) and (ii)

[k >1)ﬁ(k>—2):k>l
2 2

Option (c) is correct.

2
x°-3x—-4

flx)="F—

x“+3x—4

atx = 1 and x = — 4 denominator becomes zero.

Therefore, function is not defined and hence is

not continuous atx = 1 and x = — 4.

Option (a) is correct.

S

2 2

L{cos(mt)} = T

Correct answer is [-1].
u(x,y)=2kxy

o(x,y)=x*-y*

For analytic function CR equation is satisfied.
au_ov
ox oy
ou .
2ok ..(i)
Ox Y
ov .
— =2y ...(ii)
oy

From (i) and (ii)
2ky=-2y=k=-1

Option (a) is correct.

When f(x) is linear function numerical
integration using trapezoidal gives best result
for a single variable function. It will have error
for second or higher order polynomials.

52,

53.

54.

55.

Correct answer is [726].

For ¢,
V¢:@5+@}+@ﬁ
dx dy” dz
= yzf + yzf + xylg
ﬂzyz,@zxz,and @zxy
dx dy dz

on integration we get ¢ = xyz this potential
function makes line integral path independent.

att =1 xy=1, yo=1, z;=3
t=3 x1:3, y1:9, 21:27
jv¢.d?:¢j(x1/y1/zl)
C (xuryurzo)
_ (3,9,27)
= (xy2) .[(1,1,3)
=3*%*9%27-1%1%3
=726

Option (b) is correct.
The correct path — By Cauchy’s integral theorem

z—1 zZ—

- zmﬁ(ll))__ﬂ = 2mi (:—fj = 4mi

Correct answer is [0.41].

C

(32—5}
[~ 224 =2ni{32_5}
z=1

For x = number of defective screws found
Required Probability

=P[x21]=1-P[x=0]
=1-5C,(0.1)(0.9)’ with n = 5, p = 0.1
= 0.4095 = 0.41

Correct answer is [0.1862].

Given I = I(sinx+ cosx)dx
0

X 0 i | g
3 3
flx) |1 £+1 ﬁ—l -1
2 2
h:b;a:n—ozz
n 3 3

Approximate value by Trapezoidal rule.

Izjf(x)dx

0
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56.

57.

58.

59.

60.

[(Yo+y5)+2(y1+¥2)]

{(1—1)+2(§+1+§—1H:g(2\/§)

- _18138

NG

(approximate value)

N | =

o3

And by exact integration

(sinx +cosx)dx = [(—Cosx)+sir1x];E

[-(-1-1)+(0-0)] -2

O —y 3

(exact value)
error = exact value — approximate value

=2-1.8138
= 0.1862

Option (c) is correct.

A real square matrix A is skew symmetric if

AT =-A

Option (c) is correct.

Lt M N 9 form
x50 ¥ 0
Applying L' Hospital Rule.

B
(1+4x) 4

Lt —(4)=—

x>0 33 ( ) 3

Option (b) is correct.

Solution of Laplace’s equation having
continuous function of 2™ order partial
derivatives is known as Harmonic functions.

Correct answer is [99.7].

The area under standard normal distribution
curve between -3 and 3 is 0.9973.
.. % areais 99.7

2.35%

0.15%

Option (c) is correct.
f(x)=x"+x-1
f(x)=3x*+1

xy =1

61.

62.

X1 =X f(xo) —1+1_1—1=0.75
f’(xo) 341 4
Correct answer is [2].
210
A=/0 2 0
0 0 3
= Ar=2,2,3
A=2
(A—M)
2-n 1 0 010 010
0 2-2 0 |=/0 0 0|~|0 0 1
0 0 0 01 000

-
oV]
]
=
o
=

—_

>
|
>
—
~—
Il

So, n —r = 3 -2 = 1, number of linearly
independent eigen vectors for A = 2 will be
one.
No. of linearly independent eigen vectors
for A = 3is one.
So, number of linearly independent eigen
vectors of matrix is 2.

Correct answer is [16].

dr = rds

F(x,y)= (yf+ ZX})

C C
Applying Green’s Theorem

C.f(yf+ Zx}').d; = J:J(%(Zx)—%(y)jdxdy
= |[ dxdy

4
={area of circle of radius ——units}
Jn

o]
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63.

64.

65.

66.

67.

Option (c) is correct.

lim Vx? +x-1-x

X—>0

:lim(\/x +x-1- x)

X—>0

( 2 +x—1+x

~—

lim (x2+x—1—x2)

x_m(\/xz +x-1 +x)
x(l—lj 1 1
= lim il =2 { lim (—) - 0}
X—>00 X—0
x[ /1+1—12+1] *
X x

Option (a) is correct.

No. of cards drawn = 3
fCx*Cyx*C; 16

Required Probability =

B¢, 5525

Correct answer is [0.360].

f(x)=3x—¢" +sinx

xy =0.333
f'(x)=3—-¢"+cosx
£(x0)=3(0.333)— ") 4 5in (0.333)
=-0.069
£/(x0) =3-el") 1.c05(0.333) = 2.549
According to newton Raphson Method
—0.069
v =y~ 200 a3y (F0099) o
(x0) 2509
Option (c) is correct.
From given PDEB=3,A=1,C=1
~B*-4AC=3*-4(1)(1)=9-4
=5>0
So, given PDE is Hyperbolic.
Option (d) is correct.
(A ap oy, |
o1 Ayt oy
For m order matrix A | a3; a3, - 43, |,
B A, 0 Ay

z =1 forall1<j<m

For eigen value AX = AX

69.

70.

71.

(g1 Xy + 01y Xp + 00 ly Xy = AXg

Ay Xq + 0oy X +++-0y,, X, = AX,

Ay Xy 0y X+l X,y = Ax,,

Xy +Xy 40X

m =M+ 40wy, )

Adding all equation
Zai]- =1 forallj
i=1

So, X\ =1 Satisfies this condition.

. Option (a) is correct.

Type Il error = acceptance of the null
hypothesis when it is false and should be
rejected.
Option (b) is correct.
For 1 — Dim Heat equation

du @

dat dx?
u(x,t)= {Cle’”x +Cze_px} Cyel !

[For k = ap” k be positive]

{Cle\/k/—(lx +C2€_ k/aX}C3ekt
Option (a) is correct.

Gi f( ) 025 if1<x<5
X)=
tven 0 otherwise

dx = dex+J025dx

—00

Plrsal- [ 102

=l = 3la-11=3

Option (b) is correct.

o0

© 1 9
= =|tan " x
'(l; 241 [ JO
=tan too—tan 10 = I
s
Il = E
We know

1 sinx) G 1
L(sinx)= =L = dx
( ) s2+1 [ x J JS‘ [ s2+ 1)
[From division property of Laplace Transform]

= [tarf1 ST =tan 'oo—tan! (s)= cot™! (s)
S

= b[e_sx Slzxd X =cot” ()
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putting s =0

I, = T%x =cot!(0)= z
0 X 2
I=I,+L, ==
72. Option (b) is correct.

Given Curves are y = x* +1 and

X+y=3=>y=3-x

Point of intersection of the curves

=>x*+1=3-x

=x?+x-2=0

= x=-2,1

and3—x>x2+1

Area = dedx
R

x==2| y=x*+1

73. Option (c) is correct.

Resolving the given vector components w.r.t.

Xx-axis

Q

45°p
901X 60°
R X
D" Fg =Pcos60°+Qcos(60°+45°)Q
+R cos(90° +45°+60°)
> =100cos60°+250 cos(105°)
+150 cos(195°)
Fy =-159.6kN
DR, =Psin60°+Qsin (60°+45°)Q
+Rsin (90°+45°+ 60°)
= > B =100sin60°+250sin (105°)
+1505in (195°)
F, =289.3kN

[F| = /(~159.6)° + (289.3)" =330.4kN
R _ 2893

F, 1596

tan 6

w.rt x—axis 180°+ (—61.1°) =118.9°

- j [ T dy]dx:sz[(3—x)—<x2+1)de

1 1
9
ZXJZ[—xZ —x+2]dx :{—%—%Jer}z :E

74. Option (a) is correct.

Given DE is
(D* +3D? )y = 108x>
d
Let =—
dx

AE > m* +3m?* =0
= m? (m2 +3) =0
=  m=0,0,+3i
CF=(Cy +Cyx)+Cy sin(x/gx)+C4cos(\/§x)
1

m(lOsz)

=;(108x2)

2
3D2{1+D}
3
- 1
_3%|,,. D’ 2
5| ()

B }(XZ)

and PI =

D
=§ x2—1(2)+0}
T 4 2
I 3632 — 2 xdx=36| = 2%
3| 4x3 32x1

=3x* —12x% +¢
75. Correct answer is [54.5].
Median value is the middle value when
arranged in ascending order.
Ascending order of speeds— 32, 45, 49, 51, 53, 56,
60, 62, 66, 79
5% term + 6 term

2
53+ 56

Median =

Median Speed = =54.5km/h

=
76. Option (d) is correct.
f(x)=x*—4x+2
fl(x)=2x-4
frx)=0
= X =2 — Stationary Point
f(x)=2>0
= f(x)is minimum at x = 2.
Min value atx = 2
f(2)=(2)" -4(2)+2=-2

optimum value of given function is -2
(Minimum).
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77.

78.

79.

80.

Option (c) is correct.

Given

f(x)=0,-n<x<0

f(x)—£+% cosx+cos3x+c:055x
4 n| 12 3? 52

sinx sin2x sin3x
+ + + +...
1 2 3

At x = 0; a point of discontinuity,
The Fourier series converges

> Qi) ()]

( )— hm(O) 0 and

f(0+):lim(rc—x):n

x—0
E:LZF WL i}
2 4 P 12 32 52
= i-ﬁ-i-i-i-i-...:n—z
12 3% 52 8
s 1
= n=1(2n—1)2 8

Option (a) is correct.
P(XUY®) =07 =P(x)+P(y°)-P(x).P(y°) =07

x and y are independent events.

= P(x)+1-P(y)-P(x){1-P(y)} =07
—  _P(y) + P(x). P(y) = 0.7 1
=  P(y)-P(xny)=03
P(xuy)=P(x)+P(y)-P(xny)
=0.4+03=0.7
Option (d) is correct.
lim zxy
h e

[Finding limit along y = mx,
x—0,y—>0]

=lim (ﬂj =lim ——, limit will vary

=0\ x% + m*x?
with different value of m.

Option (b) is correct.

1 2 -3 a
[A|B]= 23 3 b

59 -6 ¢
R, - R, -2R;,R; > R; -5R,
1 2 -3 a
0 -1 —-a b-2a
0 -1 —a c-5a

With R, = R;, rank A = rank (A|B)
= b-2a=c-5a=3a+b-c=0

81. Option (b) is correct.

Mean of f(x)
- [l e

]ZO
0

7\
L%,
+
NTEe®

o
+
|
ol

0 a
Mean of g(x) =E[X] = | x.(—gj dx+ | x[gj dx
—-a 0

2Y (2
2] ]
Variance of ¢(x)=E (X2 ) - {E[X]}z

0 a
E[X?]= j xz.(—ijdx +J‘x2.[gjdx
—-a 0

0
x4 x4 ’ ﬂ3
=| ——— + —_— [ J—
4a 4a 2
—-a 0
3

Var L
2

. Mean of f (x) = g (x) = 0 and variance of f (x)
and g (x) are different.

82. Option (d) is correct.

x* =4y (i)
y* = 4x ...(i)
Differentiating both curves w.r.t. to x,

d
Zx:4d—y :(—yj =0=m
(0,0)

Curves are

dx dx
dy (dyj _
2y—2 =4 =co=m
ydx dx( 0) 2

With one slope parallel to x axis and another
parallel to y-axis, the angle between the curve
at (0, 0)

0="L-90°
2
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83. Correct answer is [85.33].

Given equation of parabola is
2 x
x“=8y=>y=—
y=V=7

And
Point of intersection x = 8, -8

Required area .[_88 (y1—y,) dx

8 2 8 2
- | (8—%de - 2_[[8—%}13:
x=—8 0

B\
=2/ 8x-2| = 256 _ 85.33 sq units
24) 3

straight-line y = 8.

84. Option (b) is correct.
Quadratic approximation of f(x) atx = 01is

f(x)=x>-3x*-5
= f'(0)=0
= f'(0)=-6

f'(x)=3x*-6x
f'(x)=6x-6

f(x) - f(0)+%f'(0)+);—2!f"(0) [Taylor’s series]

2
X
=-5+x0 +'75?('-6)

= —5-3x*
85. Correct answer is [11].

~((r=a)"(~rv~s))
=~(p=q)v~(~rv~s)
=~(p=q)v(rns)
=~(~pva)v(rnas)

=(pr~q)v(rns)
pr~q=11

ras=¢
For x =11 the given compound preposition is
true.

86. Option (b) is correct.

There can be two cases.
Case I first bit is ‘0 —
anfl
Must be zero.

10————-
Case II first bit is ‘1’ I e—
n-2

4y =0, 1+a, 5

87. Correct answer is [1].
i S0 (x—4)
x—4 (x — 4)
o sin(x—4)
x40 (x—4)

= lim siny
y—0 y

=1

(puty=x-4)
88. Correct answer is [0.5].

0 otherwise

j f(x)dx=1

—00

jl
= —dx=1
2
p X

- [

= —1+1:1
a
= a=05

89. Correct answer is [15].
[P],5 is a real matrix.

Given Eigen values are2+~/-1,3 or 2+i,3

Complex eigen values occur in pair so 2 — i is
also an eigen value.

We know
= |P|=(2+i)(2-i)3=5x3=15

90. Correct answer is [10].

|P| = Product of eigen vlaues

Given expression is

3
(x3+x4+x5+x6+ ...... )

:x9(1+x+x2+x3+ ......... )3
=’ ((1—x)_1)

=x’ (1 —x)_3

:xgg(n+l)2(n+2)xn

3

4x5 10

For coefficient of xlz, putn =3;
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91.

92.

93.

Correct answer is [198].
Recurrence relation =a, —a, ; =6n*+2n  ...(i)

Characteristic equationis m—-1=0=m =1
Complementary solution

1 n
=aV, =c,(1)" =¢,
Let particular solution
=a"), =(An* +Bn+C)n (i)
Putting a,, = (Anz +Bn+ C)n in equation (i)

we get
A=2B=4C=2
General solution

=u(c)n +a(b)n =C, +(2n2 +4n+2)n
Asa; =B=B=C;+B=C; =0
Also agy =k x10*

= [ 2(99)" +4(99)+2]99 k10"

= 198x10* = kx10*
= k=198

Correct answer is [2].

f(n)- f{gj if nis even
f(n+5) ifnisodd
We can see that
F(1)=£(2)=£(3)= F(8)=£(6) = £7) -
and f(5) = £(10) = £(15)...
~.range of function contain two distinct
elements only.

Correct answer is [0.33].
We can observe that the chances of y are

200008
SRR ORG/O)

94.

Correct answer is [4].
P|Q|P=Q | PA(P=Q)
F |F |T F
F [T |T F
T|F |F F
T[T |T T
Let (P AP= Q)) < A(for notation only)

For options (i), (ii), (iii), (iv), (v)

If (A = option x)is a tautology.

Then P A(P = Q)is logically implies option x.
Else PA(P= Q) does not logically implies

option x.
Options
(i) | (i) (iii) (iv) v)
P |Q|A [False |Q True PvQ [-QvP
A=FA= Q|A = truelA = A=
PvQ) (=P v Q)

F [F |F|T T T T T
F [T |F|T T T T T
T[F |F|T T T T T
TT|T|E FT T|T T [T T [T T

Blank entries in the truth table are don’t care

conditions because in these rows the value of A is

set to false. Therefore (A anything) would be set to

true. Four of the expressions are logically implied.
95. Correct answer is [9].

Let the degree of polynomial f(x) is 7.

And g(x)= f (x) has also degree 1 — 1.

Given f(x)+ f(—x) has degree is 10.

= g(x)+g(—x) degree =9
96. Correct answer is [4].

Any planar graph is four colourable.
97. Option (c) is correct.

Statement I is incorrect.

x+y+z=1

x+y+z=0

Has no solution when No. of equations < NO.
of variables.

Statement II is incorrect.

Eg. x+3y =6

2x+8y =14

x+y=4

Has a solutiony =1,x =3
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Statement III is correct.
x+y=4

x+2y=0

Has a solution x = 8,y = —4.

98. Correct answer is 0.55.
E1 = event of selecting type 1 bulb.

E2 =event of selecting type 2 bulb.

101.

X~ event of selecting a bulb lasts more than 100

hours.
Given P(E1)=0.5and P(E2)=0.5

p X =0.7,P X =04
El E2

Required Probability
X X
= P(X)=P(E1)P| — |+ P(E2)P| —
(0 =P(E0P( 3y P(2)P{ 5
=0.5x0.7+0.5x0.4
=0.556

99. Correct answer is [0.125].
Given Eigen values of A are 1, 2 and 4.

|A| =8= product of eigen values.

ot
T 1

‘A‘l‘ - ‘A‘l‘ -2 =0.125
8

102.

103.

100. Option (b) is correct.
As every ordered pair is related to itself so, it is
reflexive.
(a, b)R(a, b) [Fa<aorb<b]
As(2,4)R(3,2) [-2<3{a<c}]

and (3,2) R (1, 3)
but (2,4) R (1, 3)

[-2<31{b<d}]
-+ neither 2<1{a<c}

nor 4<3{b<d}

So, it is not transitive.

Option (d) is correct.

If every x is either even or odd, then every x
must be even or must be odd.

If the domain is the set of natural numbers left
hand side is true but right-hand side is not true
as not all-natural numbers are even or not all
natural numbers are odd.

Option (b) is correct.

Considering an undirected graph with 23
vertices and 9 of these with 3 degree.

Assume that if two compounds react with each
other, their there exists an edge between the
vertices.

Given 9 vertices of degree 3 (odd).

According to degree of vertices theorem atleast
one of the remaining vertices must have odd
degree. Since number of vertices of odd degree
is always even.

Correct answer is [4].

By Fermat's Little Theorem, If P is prime, then

a"'=1 mod p

13 =1 mod 17

13% =13 =1 mod 17

13% =13% x13% =13° mod 17 =2197 mod 17

which is 4.
(By remainder theorem)



