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PRODUCTION AND INDUSTRIAL ENGINEERING (PI)

. In the Taylor series expansion of sinz around z=0,
the coefficient of the term z” is

@0 b3z ¢

. A vector field is given as F(x,y) = (100x + 100y) i
+ (=50x+200y) j, where i and j are the unit vectors
along the x and y axes in the Cartesian frame,
respectively. Then the value of

PEG,y) ar
where d¢ = dx i+dy jis an elemental path taken over
an anticlockwise circular contour C of radius r = 2is

Y 4 C

(@ -3

v

(a) —1007 (c) —400m
(b) —6007 (d) 4007
. If work sampling is carried out using a large
number of observations, then the required sample
size is estimated using
(a) Poisson distribution
(b) Uniform distribution
(c) Normal distribution
(d) Exponential distribution
. In a single server Markovian queuing system, if the
customers arrive following the Poisson distribution,
then the inter-arrival time follows
(a) Poisson distribution
(b) Uniform distribution
(c) Exponential distribution
(d) Binomial distribution
. In a complex function
fley) = ulxy) + iv(xy)
i is the imaginary unit, and x,y,u(x,y) and v(x,y) are
real.
If f(x,y) is analytic then which of the following
equations is/are TRUE?
o’u

ou o*u _
ox*

2 2
(b) LZ+LZZO
ox~ oy

(@)

10.

*u 0%

ou,,0v ou,,ov

If X is a continuous random variable with the
probability density function

K
flx) = {4'

0 otherwise

0 =x =10,

then the value of K is

2
If lim (7" —2ax+b ) =8

x—1

then (a—b) is
IfA = [? _}; ] is a matrix such that A’=1, where I
is an identity matrix, then which of the following is
TRUE?
(a) 1+ a*+ bc =0
b) 1— a* + bc =0
(
(¢) 1— a*— bc =0
(d) 1+ a* — be =0
Consider the following linear programming
problem with two decision variables x; and x,.
There are three constraints involving resources R,,
R, and R; as indicated.
Maximize Z = 6x; + 5x,

. (Answer in integer)

. (Answer in integer)

Subject to

2x; + 5x, = 40 R,
2x; + Xy < 22 R,
X+ x,=<13 R;
=0, =0

The optimal solution of the problem is: x; = 9 and
X, = 4.

For which one of the following options, the shadow
price of the resource(s) will have non-zero value(s)?
(@) R, Ryand R,

(b) R; and R,

(c) Ryand Ry

(d) R; only

The following differential equation governs the
evolution of variable x () with time t,t = 0.

&x +4x=¢"

dt*
Given the initial conditions x=0 and % =0 at t=0,

the value of x at t = 7/8 is
to 3 decimal places)

. (Rounded off
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11.

12.

13.

14.

15.

16.

The values of function y(x) at discrete values of x
are given in the table. The value of [ y(x)dx, using
Trapezoidal rule is . (Rounded off to 1
decimal place)

x 0 1 2 3 4
y(x) |1 3 12

MECHANICAL ENGINEERING (ME)

In order tonumerically solve the ordinary differential

equation % = —y for t > 0, with an initial condition
y(0)=1, the following scheme is employed
y n+l y n

1
T oW1  Y)-

Here, At is the time step and y,, = y(nAt) for n = 0,
1,2, .... This numerical scheme will yield a solution
with non-physical oscillations for At > h. The value

of his

@ 5 (b) 1 © 3

The value of the surface integral

ﬁzdxdy

S
where S is the external surface of the sphere
x2+y2+zz:R2 is
()0 (b) 4R’

(d) 2

417 53
—R
(© =

Let f(z) be an analytic function, where z=x+iy. If
the real part of f(z) is cosh x cos y, and the imaginary
part of f(z) is zero for y=0, then f(z) is

(a) cosh x exp (—1y) (c) coshzcosy

(b) cosh z exp z (d) cosh z

Consider the system of linear equations
x+2y+z=>5
2x +ay + 4z = 12
2x+4y+6z="0
The values of 4 and b such that there exists a non-
trivial null space and the system admits infinite
solutions are
(@ a=8b=14 (c)a=80b=12
(bya=4,b=12 da=40b=14

Letf(.) be a twice differentiable function from R*>
R.If p,x,e R* where || p|| is sufficiently small (here
||.]] is the Euclidean norm or distance function),
then f(x,+p)=f(xp) + Vf(xO)Tp+ 12pTV2f( y)p where
w eR*is a point on the line segment joining x,
and xp+p. If x; is a strict local minimum of f(x),
then which one of the following statements is
TRUE?
(a) Vi(x)'p > 0and p'V'f(y)p =
(b) Vf(x)'p = 0 and p'V'fy)p
)
)

(d) 7R

(c) Vf(xp)'p = 0and p'Vf(y)p =
(d) Vf(xy)"p = 0and p'Vf(y)p <

Vv
o o oo

17.

18.

19.

20.

21.

22,

23.

The velocity field of a
incompressible flow is given by

two-dimensional,
i -
V =2sinh x i+v(x,y)]

where i and j denote the unit vectors in x and y
directions, respectively. If v (x,0)=cosh x, then v
(0,-1)is

(@1 (b) 2 ()3 (d) 4
The matrix [51; g] (where a > 0) has a negative
eigenvalue if a2 is greater than

3 1 1
@ ¢ (b) g (© 7
At the current basic feasible solution (bfs) v, (v, R,

the simplex method yields the following form of a
linear programming problem in standard form.

(d)

minimize z= —x;—2X,
s.t. X3=2+2x—X,

Xy=7+x1—2x,

X5=3—x

Xq, Xp, X3, Xy, X5 = 0

Here the objective function is written as a function
of the non-basic variables. If the simplex method
moves to the adjacent bfs v; (vye Rs) that best
improves the objective function, which of the
following represents the objective function at v,
assuming that the objective function is written in
the same manner as above?

(@) z= —4—5x;+2x; (c) z= —4—5x;+2x,
(b) z = —3+x5—2x, (d) z = —6—5x;+2x;
If x(t) satisfies the differential equation

Y 4 =y =
t 7 + (t—=x) =0
subject to the condition x(1) = 0, then the value of

x(2) is (rounded off to 2 decimal places).

Let X be a continuous random variable defined
on [0, 1] such that its probability density function
fix) = 1for 0 = x < 1 and O otherwise. Let Y =
log.(X+1). Then the expected value of Yis_ .
(rounded off to 2 decimal places)

CIVIL ENGINEERING (CE-1)

The smallest positive root of the equation
=5 x*~10 x*+50 x*+9 x—45=0

lies in the range

(@ 0<x=<2 (c) 6 =x=<8
(b) 2 <x=<4 (d) 10 = x <100
The second-order differential equation in an
unknown function u : u (x, y) is defined as
u
ol

Assuming g : g (x), f: f (y), and h : h (y), the general
solution of the above differential equation is

(@) u=x"+f)+8() () u=x"+x ) +3()
(b) u=x"+x f(y)+h(y) (d) u=x"+f(y)+y g(x)
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24.

25.

26.

27.

28.

29.

The probability that a student passes only in
Mathematics is . The probability that the student
passes only in English i 1s —. The probability that the
student passes in both of these subjects is —. The
probability that the student will pass in at least one

of these two subjects is
17 11 14 1

@ 15 (b) 15 (©) 15 @) 75
For the following partial differential equation,
NN
ax y 2

which of the following option(s) is/are CORRECT?
(a) ellipticforx >0andy > 0

(b) parabolic forx > 0andy > 0

(c) ellipticforx =0andy >0

(d) hyperbolic forx < 0andy > 0

Consider the data of f(x) given in the table.
i 0 1 2
X; 1 2 3
flxyp 0 0.3010 | 0.4771

The value of f(1.5) estimated using second-order
Newton’s interpolation formula is
(rounded off to 2 decimal places).

211
What are the eigenvalues of the matrix[ 1 41 ]?
11 2
@125 (c) =5,1,2
(b) 1,3, 4 (G

A vector field p and a scalar field r are given by

P =@—3xy+2) i+ Q7 —-3yz+2) | + 28 —3xz+2) K

r= 6x2+4y2—zz—9xyz—2xy+3xz—yz

Consider the statements P and Q.

P: Cuzl of the gradient of the scalar field r is a null
vector.

Q: Divergence of curl of the vector field p is zero.

Which one of the following options is CORRECT?

(a) Both P and Q are FALSE

(b) P is TRUE and Q is FALSE

(c) Pis FALSE and Q is TRUE

(d) Both P and Q are TRUE

CIVIL ENGINEERING (CE-2)

A partial differential equation
PT | &PT
7+t 57=0
9x Yy

is defined for the two-dimensional field T:T(x,y),
inside a planar square domain of size 2m X 2m.
Three boundary edges of the square domain are
maintained at value T=50, whereas the fourth
boundary edge is maintained at T=100.

The value of T at the center of the domain is

30.

31.

32.

33.

34.

(a) 50.0 (b) 62.5 (c) 75.0 (d) 87.5
The statements P and Q are related to matrices A
and B, which are conformable for both addition
and multiplication.
P: (A+B)"=A"+B"
Q: (AB)'=ATB"
Which one of the following options is CORRECT?
(a) Pis TRUE and Q is FALSE
(b) Both P and Q are TRUE
(c) Pis FALSE and Q is TRUE
(d) Both P and Q are FALSE
The second derivative of a function f is computed
using the fourth-order Central Divided Difference
method with a step length h.
The CORRECT expression for the second derivative
is

1
(@) 52 [firat16 i1 =30 fi+16f 1~ fi ]

1
(b)fjg-faz+16ﬁll—30ﬁ+16ﬁ 1= i
(c) [~fi+2116 f;141=30 fi+16 f_1+ fi 5]

1
(d) 757 [fir2716 111430 £i=16f; 1= fi ]

The function f(x) = X’ —27x +4,1<x<6has
(a) Maxima point

(b) Minima point

(c) Saddle point

(d) Inflection point

12h2

Consider two Ordinary Differential Equations
(ODEs)'
P: _z i 3x232+ 224
dx x3y
Q: _.‘i _JL

x?

Wh1ch one of the following options is CORRECT?

(a) P is a homogeneous ODE and Q is an exact
ODE.

(b) P is a homogeneous ODE and Q is not an exact
ODE.

(c) Pis anonhomogeneous ODE and Q is an exact
ODE.

(d) P is a nonhomogeneous ODE and Q is not an
exact ODE.

Three vectors ﬁ, ; ,and ¥ are given as

=i+j+k

=1+2/ +3k

=20+ 3 + 4k

Which of the following is/are CORRECT?

@ P %@ x7)+q X (7 xp)+7 x @ xq)=0
- - > - o> - o>

byp x@xr)=@F-r)g-—F-q)r

(©px@x7)=@Fxq)x7

@7 ¢ x)=@G xp)-7

N
p
5
q
5
P
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. : 214 -10
35. Consider two matrices A = andB=| 2 3|
103 11

The determinant of the matrix AB is
(in integer).

COMPUTER SCIENCE & INFORMATION
TECHNOLOGY (CS-1)

36. Let fR — R be a function such that f(x) = max{x,
x3}, xreR, where R is the set of all real numbers. The
set of all points where f(x) is NOT differentiable is
(a) {-1,1,2} (c) {0, 1}

(b) {-2,-1,1} (d) {-1,0,1}

37. The product of all eigenvalues of the matrix

123
4 5 6 |is
789

(a) -1 (b) 0 (c) 1 (d) 2
38. Let A and B be two events in a probability space
with P(A) = 0.3, P(B) = 0.5, and P(A n B) = 0.1.
Which of the following statements is/are TRUE?
(a) The two events A and B are independent
(b) PAUB) = 0.7
(c) P(A N BY) = 0.2, where B is the complement of
the event B
(d) P(A° N B = 0.4, where A° and B® are the
complements of the events A and B, respectively
39. Let A and B be non-empty finite sets such that
there exist one-to-one and onto functions (i) from
Ato B and (ii) from A X A to A U B. The number of
possible values of |A| is

40. Consider the following recurrence relation:

VaT(Vn)+n for n=1,
1) _{ (1 : for n=1
Which one of the following options is CORRECT?
(a) T(n) = 6(nloglog n)
(b) T(n) = 6(n log n)
(c) T(n) = G(nZ log n)
(d) T(n) = 6(1* log log n)

41. Consider the operators { and O defined by a ¢ b =
a + 2b,a0b = ab, for positive integers. Which of the
following statements is/fare TRUE?

(a) Operator ¢) obeys the associative law

(b) Operator O obeys the associative law

(c) Operator { over the operator O obeys the
distributive law

(d) Operator O over the operator { obeys the
distributive law

COMPUTER SCIENCE & INFORMATION
TECHNOLOGY (CS-2)

42. Let T(n) be the recurrence relation defined as

follows:
TO) =1,
T(1) = 2,and

T(n) =5T(n-1)-6T(n-2) forn=2
Which one of the following statements is TRUE?
(@) T(n) = 6(2")

(b) T(n) = 6(n2")
(c) T(n) = 6(3")
(d) T(n) = 6(n3")

43. Let f(x) be a continuous function from R to R such
that
fx) =1-f2-2x)
Which one of the following options is the
CORRECT value of [ /(x)dx??
(@0 (b) 1 (c) 2 (d) -1
44. When six unbiased dice are rolled simultaneously,
the probability of getting all distinct numbers (i.e.,
1,2,3,4,5, and 6) is
1 5 7 11
@ Mgy O @Dy
45. For a Boolean variable x, which of the following
statements is/are FALSE?
(@) x.1=x (c) xx=0
b)yx+1=x (dx+x=1
46. Let P be the partial order defined on the set {1, 2, 3,
4} as follows

P={(xx) | xe{l,23,4} ui{(,2),32), 3, 4)}
The number of total orders on {1, 2, 3, 4} that
contain P is

47. Let x and y be random variables, not necessarily
independent, that take real values in the interval
[0,1]. Let z = xy and let the mean values of x,y,z
be %, y, z, respectively. Which one of the following
statements is TRUE?
(@) z=xy
(b) z< xy

48. Let Z, be the group of integers {0, 1,2, ... , n -1}
with addition modulo n as the group operation.
The number of elements in the group Z, X Z; X Z,
that are their own inverses is
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49.

50.

51.

52.

53.

54.

ELECTRONICS AND COMMUNICATION
ENGINEERING (EC)

The general form of the complementary
function of a differential equation is given by
y(it) = (At + B)e_Zt , where A and B are real
constants determined by the initial condition. The
corresponding differential equationis __

()d—t%+4—’i+4y fit

()gt%+3l+2y=f<t>

(d) a% + 5_z + 6y = f(t)
Ina number system of base r, the equation x* — 12x
+ 37 = 0 has x = 8 as one of its solutions. The value
of ris

Let R and R® denote the set of real numbers and the
three dimensional vector space over it, respectively.
The value of o for which the set of vectors

{2-30],[3-13],[1-57]}

does not form a basis of R is
sm(nz)
Let z be a complex variable. If f(z) = Y ———-and C
is the circle in the complex plane with |z| = 3 then
j; f(z)dz is
C
(@) i (©) ]77:( + 77:)
. (1

(b) j(5- 1) d) -

Consider a system S represented in state space as

d _
d—f=[? _%]x +[(1)]r,y =[2 -5]x.

Which of the state space representations given below
has/have the same transfer function as that of S?
0 1] [0]

(a) 0 x|l =10 2
(b) d—f = f’z _13 X+ (1) ry =0 2
© % - :51 _% X+ :‘31] ny=[1 1]x
(d) % = :61 _% x+ % Ry =[1 2

Let F;, F,, and F; be functions of (x, y, z). Suppose
that for every given pair of points A and B in space,
the line integral fc (Fydx + F,dy + F,dz) evaluates
to the same value along any path C that starts at
A and ends at B . Then which of the following is/
are true?

(a) For every closed path I', we have fc (Fidx + F,dy

+ Fidz).

55.

56.

57.

58.

59.

60.

61.

62.

63.

(b) There exists a differentiable scalar function f (x,
y,z) such that F; = —i ,F, = 9 , Fy = 9,

ay 0z
© 28 oF; aF ok | OF; _ 0
ax ay 0z
(d) Fs = 9y 9Fy _ OF 0F, _ OF,
ay dz 0z ax d ay

Consider the matrix [ % Ilc ], where k is a positive
real number. Which of the following vectors is/are

eigenvector(s) of this matrix?
1 V2k [\/ﬁ]
o ol ] ©Z] @’

ELECTRICAL ENGINEERING (EE)

Which one of the following matrices has an inverse?
@[1 4 8 ©f1 4 8

0 4 2 0 4 2

05 2 4 1 2 4
(b)[1 2 3 @1 4 3

2 4 6 0 4 2

329 3 12 24

Let X be a discrete random variable that is
uniformly distributed over the set {—-10,-9,---,0,---,
9,10}. Which of the following random variables is/
are uniformly distributed?

(a) X° (¢) (X-5)"

(b) X° (d) (X + 10)*

Which of the following complex functions is/are
analytic on the complex plane?

a) f(z) = jRe(z) (©) f(z) = !

b) f(z) = Im(z) dflz) =2 -z
Consider the complex function f(z) = cos z + eZZ.
The coefficient of z° in the Taylor series expansion
of f(z) about the originis _ (rounded off to 1
decimal place).

The sum of the eigenvalues of the matrix A = ; i]
is (rounded off to the nearest integer).

Let X(w) be the Fourier transform of the signal

x(t) = e~t* cos t,

The value of the derivative of X(w) at @ = 0 is
(rounded off to 1 decimal place).

— <t < oo,

Consider a vector # = 2% + §§ + 22, where X, 7,2
represent unit vectors along the coordinate axes x,
y, z respectively. The directional derivative of the
function f(x, y, z) = 2In(xy) + In(yz) + 3 In(xz) at the
point (x, ¥, z) = (1,1, 1) in the direction of # is

7
(@ 0 (b) =73 () 7 (d) 21
If the Z-transform of a finite-duration discrete-

time signal x[n] is X(z), then the Z-transform of the
signal y[n] = x[2n] is
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(@) Y(2) = X&) (a) f(t) is not differentiable.

(b) Y(z) = 1 [X(z_m) + X(— Z—l/z)] (b) f(t) is differentiable and its derivative is
2 continuous.

© Y@ = %[X(Zyz) + X(—z"%)] (c) f(t) is differentiable but its derivative is not
1 continuous.

(d) Y(z) = 3 [X(Z%) + X(~2%)] (d) f(t) and its derivative are differentiable.

. Let f(t) be a real-valued function whose second  66. Which of the following differential equations is/are

derivative is positive for —o < t < oo. Which of the nonlinear?

following statements is/are always true? dx(t) 2t _

(a) f(#) has at least one local minimum. (@) £x(t) + e re, X0) =0

(b) f(t) cannot have two distinct local minima. 1, dx(t) B

(¢) f(#) has at least one local maximum. (b) 2¢ tx0 FT 0, X0)=0

(d) The minimum value of f(f) cannot be negative. ; , dx(t)
c) x(f) cost — ——=~
. Consider the function f(t) = (max(0,))* for —oo < () x(t)
t <o, where max(a,b) denotes the maximum of
a and b. Which of the following statements is/are
true?

sint=1, x(0)=0

dx(t) )

(d) x(t) + e ) =1, x(0) =0
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Answer Key

Q.No.| Answer | Topic Name Chapter Name
1 (c) Taylor Series Differential Calculus
2 (c) Line Integral Vector Calculus
3 (@) Poisson Distribution Probability Distribution
4 (©) Queuing Theory Operation Research
5 (a,b,d) Function of a Complex Variable Complex Analysis
6 4 Continuous Random Variable Basic of Probabilty
7 4 Limits and Continuity Differential Calculus
8 (c) Matrix Linear Algebra
9 (o) Linear Programming Problem Operation Research
10 0.064 Ordinary Differential Equations Differential Equation
11 24.5 Numerical Integration Numerical Analysis
12 (a) Numerical Solution of Ode Numerical Analysis
13 (c) Surface Integral Vector Integration
14 (d) Analytic Function Complex Analysis
15 (d) Solution of Linear Equations Linear Algebra
16 (b) Maxima And Minima Differential Calculus
17 (c) Incompressible Fliud Vector Differentiation
18 (@) Eigen Values and Eigen Vectors Linear Algebra
19 (@) Simplex Method Operation Research
20 -1.38 Boundary Value Problems Differential Equations
21 0.39 Mathematical Expectation Basics of Probabilty
22 (a) Numerical Solution of Algebric Equation Numerical Analysis
23 (b) Partial Differential Equation Differential Equation
24 (b) Principal of Inclusion and Exclusion Basic of Probabilty
25 (@) Classification of PDE Partial Differential Equation
26 0.17 Newton’s Forward Interpolation Formula Numerical Analysis
27 (@) Eigen Values and Eigen Vectors Linear Algebra
28 (d) Vector Differentiation Vector Calculus
29 (b) Partial Differential Equation Differential Equation
30 (a) Matrix Linear Algebra
31 (@) Divided Differences Numerical Analysis
32 (b) Maxima and Minima Differential Calculus
33 (b) Ordinary Differential Equations Differential Equations
34 (a,b) Basic Properties of Vectors Vector Calculus
35 10 Matrix Linear Algebra
36 (d) Function or Mapping Set Theory
37 (b) Eigen Values and Eigen Vectors Matrix
38 (b Addition Law of Probability Basic of Probabilty
39 2 Cardinality of a Set Set Theory
40 (@) Recurrence Relations Discrete Mathematics
41 (b Basic Operation of Algebra Linear Algebra
42 (@) Recurrence Relations Discrete Mathematics
43 (b) Definite Integral Integral Calculus
44 (b) Basic of Probability Basic of Probabilty
45 (b,c) Basic Law of Boolean Algebra Boolean Algebra
46 4 Poset and Hasses Diagram Linear Algebra
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47 (d) Random Variables Basic of Probability
48 4 Groups Boolean Algebra

49 (a) Differential Equation of Higher Order Differential Equations
50 11 Quadratic Equations Linear Algebra

51 5 L.Jand L.D Vectors Abstract Algebra

52 (d) Cauchy’s Integral Formula Complex Analysis

53 (a,0) Differential Equation Differential Equation
54 (a,b,d) Conservative Vector Field and Scalar Potential| Vector Calculus

55 (a,b) Eigen Values and Eigen Vectors Linear Algebra

56 (c) Inverse of a Matrix Linear Algebra

57 (b,d) Random Variables Basic of Probabilty
58 (d) Analytic Function Complex Analysis

59 0 Taylor Series Complex Analysis

60 29 Eigen Values and Eigen Vectors Linear Algebra

61 0 Fourier Transform Fourier Transform

62 (c) Directional Derivative Vector Calculus

63 (c) Z-Transform Integral Transfrom
64 (b) Maxima And Minima Differential Calculus
65 (b) Limits and Continuity, Differentiability Differential Calculus
66 (b,d) Linear and Non Linear Differential Equations | Differential Equation
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PRODUCTION AND INDUSTRIAL ENGINEERING (PI)

1. Option (c) is correct.

Given f(z) = sinz
We have the Taylor series Expansion

)= f@)+ (x—a)f (@)+ =2 (a)

2!
e

3!
£2)=F0)+z-0f 0+ 2L £ (0)
f -

(z-0)
3!

f(z)=sinz, f(z)=cosz, f'(z) = -sinz, f”(z)=—cosz

f(0)=sin0=0 f(0)=cos0=1f(0)==sin0=0 f(0)

=-cos0=-1

+

+

. z? z
f(z):smz:0+zx1+5x0+§x(—1)+777
. z’
sinz=z-—+-—-—
3!
. . 3. -1 . 1
So the coefficient of z” is 37 e -
Option (c) is correct. '
Given f(x, y) = (100x + 100y); + (-50x + 200y);
Then & F(x, y)d! where d¢ = dxi + dyj

is an elemental parts taken over an anticlockwise
circular contour C of Radius r = 2 is

[(100x + 100y): + (-50x + 200y)7 | [dxi + dyj ]
= & (100x + 100y) dx + (-50x + 200y) dy

Y x=2cos0
C .

y=2sin6
@ 0=0to6=2n
dx=-2sin0d 0
(0] X dy=2cos0d0

j;"(loox2cose+100xzsine)(—251ne)de+
(-50 % 2cos0 + 200 x 2sin 0) 2 cos O dO

J.UZH (—400( cos6 + sinB)sin 6 + (—100 cos6 + 400sin B)
2.cos0]do

2n
0

j“[400 sin6cosd — 200sin 6 — 200 |6 = j
0
(200sin 260 — 200sin O — 200)d0
- zoojz“[sinze ~sin?6-1]d6 =200[ ”
0 0
[sinze —@ —1}de

= @jz"msinze ~1+c0s260—2]d0

2

. 21
_ 100{_ 2 cos20 N sin26 39}

2 o
=100[-cos4m + cos0 — 3 x 21] = =100 x 67 = 6007

3. Option (a) is correct.

If work sampling is carried out using a large
number of observations, then the required sample
size is estimated using poisson distribution.

In a Poisson Distribution number of trials are very
large and probability of success is very small. i.e.
mean m= nP is a finite quantity,

L
P(r):e# r=0,1,2,3 o
r!

Option (c) is correct.
The number of person in the given (Lq) is given by
Lq = pz , p= &
1-p u

where L = Arival rate

p = Service rate

p = Utilization of the server.
As this is single server m/m/1
System (L,) will be same for FCFS and LCEFS.
In queueing theory, if the arrivals occur according
to a poisson distribution, the interaxial time is
exponential.

Options (a, b and d) are correct.

Given f(x, y) = u(x, y) + iv(x, y) is Analytic fraction.
Where u (x, y) and v(x, y) are Harmonic functions,
u(x, y) and v(x, y) satisfy Laplace equations,

ie, v =0 V=0
' d%u %5 92
LA 99,9%
ox By axz ayz

o (3)(3)3)-

*" f(x, y) is an analytic function then its satisfy C-R
equations

do_ Ju  Ju_o0v

ax oy 37_@
..'_al.aiJrai.a—v:O satisfy
dy dy dy dy

Correct answer is [4].
Given probability density function

k
f)=11 0<x<1

0 otherwise.
We have by the condition of continuous random
variable.
Given f(x) is a Pdf.
Then .
@) f020 v 0<x<1 (i) [ fx)dx=1
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7.

10.

Ilkdx =1 J.lkdx =4
04 0
[kx]s =4 K=4

Correct answer is [4].

2
. h.m{x —2a31c+b]:8

x—1 X —

atx —>1 ¥-2ax+b=0 for %} forms
1-2a+b=0 =b-2a=-1

{xz —2ax+b

(1)

lim
x—1 X —

} . By L-Hospital’s Rule

x—1

1im[2"‘2“}=8 —=2-21=8

20 =8-2

froml b=-1-6=-7
Hencea =-3andb=-7
La-b=-34+7=4
Option (c) is correct.

a b 2
If A= such that A" =1
c -a
Ao y e b|_ a? +bc
c -a —a ac —ac
a*+be 0 | [T o
0 a+bc| |01

P +be=1
“1-d®~bc=0

Option (c) is correct.
Given maximize z = 6x; + 5x,

ab—ab
be + a*

Subjectto  2x; +5x, <40 R,
2% +x,<22 R,
X +x=<13 R,

=0, =0

The optimal solution of the problem is x; = 9 and
X, =4
This solution only satisfy the Resources R, and R
but not R,

2x9+4=22<22 R,
and9 +4=13<13 R,
but2x9+5x4=18+20=38<40 R,
So that only the resources R, and R; will have
non-zero values.
Correct answer is [0.064].

dx _
— 4+4x=¢"'

dar*
For x(t),
. dx
Given x=0,—=0
dt
att=20
m*+4=0

C-F =e"[c, cosPx + ¢, sinfx]

(1)

t>0

- m =0 * 2i (Imaginary Root)

11.

0xt
=e

[ QM) _ et et et

[c, cos2t +c,sin2t]

f(D) D*+4 1+4 5

Complete Solution
—t
x=C -F+P-I~:Clc052t+czsin2t+%

-
. e
X =c,cos2t+c, sm2t+?

t=0 x=0

-2)

Apply Boundary Condition

) 1
S0 = —'Eg
1 . -
X =—-—=cos2t+c,sin2t + L
5 5

Put

1
0:c1+c2><0+g

(3

Differential with respect to ¢
dx

2 ot +e, x2c0s2t— Lo
dt 5

Given d—x =0
dt

..(4)
att=0
0=0+2c, - 1

5
Then solution
x:71c052t+isin2t+le"

5 10 5
Put t= r
1 -n/8

x:—%c052x5+isin2xﬁ+fe

1 n 1 . n 1 4
=—=C0s—+-—sin—+—e
5 4 10 4 5

1

1.1 1 1

-n/8

S——X——F—X——+—¢
5 J2 10 2 5

12417 1_, -1 1 _,

—_— +=e" > ——+—

JE{ 10 } 5 1042 5

e ™8 = 0.005401

= L +0.001080

10V2

= -0.070711 + 0.001080
= 0.064

Correct answer is [24.5].
x 0 1 2 3 4
y(x) 1 3 12
Yo Y1 Y2 Y3 Ya
We have by Trapezoidal Rule

4 h
[y yeodx=Z{ (v +9.)+ 20y, + v+ ;)]
divide two range [0, 4] into 4 equal parts
b-a 4-0_ 1

h=2"2
4 4

[Myoydx = %[(1 +12)+2(3+6+9)]

~Li3436)= L1091 - 245
2 2
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MECHANICAL ENGINEERING (ME)

12. Option (a) is correct.

13.

14.

GiVen yn+1 yn —

At >y,
=y(nAt)
Forn=0,1,2.....

1
_E(yrwl + yrl)

t
Yn+v1="Yn ™ _E (yn+1+yn)

Yoo (1+2AtJ _ (%j v,
e (5222

2-At
y11+1 yn

2+ At
For stability or non physical oscillations
RN S S P
2+ At 2+ At
At -2 At -2
<1

<dI=—7—-1<L0
At +2 At +2
—4

= <0
At+2

2—-A
Case-] —=>-1=
2+ At

ﬁM—z-M—z

At+2

= >20= A= -2

At+2

Case- II At<1:'At 2 >-1

2+ At At+27

At=2 +1>0:>At—Z+At+Z>O
At+2 At+2

=

2At
At+2 - @)
From (3) and (4) Ate[0,>)orhe[0,) all given
option satisfy the given interval. The answer
should be option (A), as it is a general convention
that the factor relating v, .. ; and y, should be as
least as possible and generally lie between 0 and 1.

>0 = At €(—e0,-2]U[0,°)

Option (c) is correct.

Evaluate &= dxdy

Where S is the external surface of the sphere 2+ y
+22=R*

©= dxdy = Volume of sphere

=é¢R3 R+ =R

3
Option (d) is correct.
Given u(x, y) = cos hx cos y
and f(z) = u + iv is an analytic function
Its satisfy C-R equations
ou_ov and 2 ou
ox ay dy

Partial differential with respect to x
equation (1)

E)v
Cox

and y of

ou . ou .
™ =sinhxcosy, — =—coshxsiny

15.

16.

17.

Putx=zandy=0
¢, (z,0) = sinh z, $,(z,00=0
We have by Milne Thomson Method

£(z)=[6:(z,0)dz—i[ d,(z,0)dz +c
= f(z)= '[sinhzdz +c
= f(z)=coshz+c

Option (d) is correct.
Given system of equations
x+2y+z=>5

2x +ay + 4z =12 (2)

2x+4y +6z=Db (3

The values of @ and b same that there exists a non-
trivial null space and the system admits infinite
solutions

Convert given equation into matrix form

1 2 1|x| |5

(1)

2 a 4||y|=
2 4 6|z b
A X B
Augmented matrix
C=[A:B]
1 21 : 5
C=|2 a 4 : 12| Apply Row Transformation
2 4 6 : b| Ry>Ry,-2R;,R;>R3-2R;

1 2 1 5
-0 a-4 2 2
0 0 4 b-10

Then [(A) = [(C) = 2 < 3 then system is consistent
and have infinite many solutions.

Ifa-4=0=[a=4]
andb-10=4=[b = 14]

Option (b) is correct.
leen f(-) be a twice dlfferentlable function from
R* 5> R.If P, X € R* where ||P|]| is sufficient

small (here | |-| | is the Euclidean norm or distance
function)

1
Then f(x, + P) = flx)) + ¥V fla)" P+ 5 PP
where yeR?

It can be assumed that the function is parabolic
nature i.e., of the form ax® + bx + ¢ for a strictly local
minima to exist, The coefficient of $ ie, ‘a’ should
be positive. Also, for a local minimum to exist, its
first derivative should be zero f (x) while be second
derivative should be positive f’(x) = + ve. Similar
conditions can be observed in option b only.

Optlon (c) is correct.

Given V = 2 sin hxi + o(x, y)j velocity
field incompressible flow.

and v(x, 0) = cos hx.

A vector field Vis incompressible
divo=0=V-5=0

(200250 2 @sinnad ot 0810

i23inhx+%=0
ox ay
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18.

19.

20.

2cos hx + % =0= Fo =—2coshx
Yy Yy
jav = IZcoshxay
v = -2cos hx - y + f(x) .. (1)
v(x,0) = cos hx, given coshx = f(x)
v = =2y cos hx + cos hx = (1-2y) cos hx
v = (1-2y) cos hx (2

Then v(0,-1) = (1 +2)cosh 0 =3
v(0,-1) =3

Option (a) is correct.

Given matrix

value
= Product of eigen value < 0

B ﬂ (@ > 0) has a negative eigen

L s 3-81<0
:>83<:>—a<

3<8a.. a>=
3 8
Hence, a>—
8
Option (a) is correct.
Minimize z = —x; — 2x,
S.t X3=2+ 2x; - ()
Xy =7+ x1-2x, -
X5 =3-x .3
X1, Xp, X3, Xy X5 = 0 ()
From (1)
Xy =2+ 2x;—

Substituting this value in object function

Z ==X —2(2 + 2x; — x3)
z=-x;—4—-4x; + 2x3
z=—-4-5x + 2x;
From (3)
x; = 3 — x5 Putting in objective function
=—(3-1x5) - 2x,

z=-3-2x+ x5
But as per the question asked, the correct option is [a].

Correct answer is [-1.38].
Given differential equation

t%+(t—x)=0 (1)

x= -(2)
dat t
which is Linear deferential equation of first order

p--1 o-1

t
I'F — EJV“” — e.[i%dt — e*logt —
Solution for x(t)
x+(I-F)=[(I-F) Qdt +C

xi:jldﬂc
t t

21.

22,

23.

%: —logt+c = x(t) = ~tlogt +ct

-(3)

Put condition x(1) = 0

0=-1logl+c =0
x(t) = —tlogt (4)
Putt =2
x(2) = -2log2=-1.38
Correct answer is [0.39].

Given x be a continuous random variable defined

as [0, 1]
1 0<x<1
Given pdf f(x)= { otherwise
lety = log, (x + 1)
Expected value of ¥ = E(y) = ff;y - f(x)dx

= J:y f(x)dx = J:log (x+1)-1dx

x+ 1=t =dx =dt

[“1og tdt =[tlogt ~ 1} = [210g 2~ 2] - (1log1 - 1)
=2log2-2+1 =2log2-1=1.386-1
— 0.386=0.39

CIVIL ENGINEERING (CE-1)

Option (a) is correct.

Given equation

x° =5x* —=10x° +50x* +9x —45=0

The smallest positive root

Taking option [a] 0<x<2
f(0)=0-45<0

F(2)=2° =5x2* —10(2)* + 50(2)> + 9 x 2 — 45

=45>0
0

f0)<07 _

f(2)>0

Hence, there will be one root in this interval which
lice will smallest root.

i.e., the smallest positive root of given equation lies
between the interval [0, 2]

(1)

Option (b) is correct.
Given second order Partial Differential equation

0’u
=2, U u(r,y)
e ¥

Assuming g : g(x), f: f(y) and h: h(y)
Integrating with respect to x bats sides

a—u—Zde+f

u
87:2x+f(y)

Again Integrating basis sides
J.au = IZx + f(y)dx +(y)

ZZZ +xf(y) + h(y)

u=x*+xf(y)+h(y)
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24.

25.

26.

Option (b) is correct.
Given probability of a sudent passes only in
Mathematics
ie., P(A) :%
Passes only in Englishi.e., P(B) = %
Passes in between Maths and English
ie, P(AnB)= %
We have Addition law of Probability
P(AUB)=DP(A)+P(B)- P(ANB)
1 4 1_6+8-3_14-3_ 11

3’9 6 18 18 18
So, the Probability that the student will pass in

atleast one of there two subject is %
Option (a) is correct.
Given Partial Differential equation
Of, Of_ X4y
ox* yay 2
A=x, B= O C=y
We check, B*-4AC
= —4xy if x>0, y>0
Then B’-4AC <0

So the nature of given Partial Differential equation
is elliptic.

Condition
() B*-4AC>0 Hyperbolic
(i) B*-4AC=0 Parabolic
(i) B*-4AC <0 Elliptic in — Nature
Correct answer is [0.17].

i 0 1 2

X; 1 2 3

fix) |0 0.3010 | 0.4771
h=1 atx =15 p:x;xo
p=-1271_g5

1

We have by Newtons forward Interpolation
formula.

=)= £(x,) + pf (1) + LD 0% ) 4
(05 1) .,

f(1.5) = f(1)+0.5Af(1) + 0.5—— A? f@y+---
Difference Table
i |x |fo) M) | Afx)
0 1 0 0.3010

-0.1249
1 2 0.3010 0.1761
2 3 0.4771

05x(05-1),

£(1.5)=0+0.5x0.3010 + ~0.1249

= 0.1505 + 0.0156125 = 0 1661

27. Option (a) is correct.

28.

Given Matrix
211
A=1 4 1
1 1 2

Characteristic equation | A-AI|=0
2-A 1 1

1 4\ 1

1 1 2-
=Q2-M[E-M)2-1)-1]-12-A—-1]+1[1-(4-1)] =0
= (2-W)[8-21—4h+1> = 1] [1-A]+1[-3+2] =0
=@2-W[V-6r+7]-1+1-3+1=0
=20 120+ 14 -2+ 602 —=7Ah—4+21=0
= A +802-170+10=0
=2 -8\ +70L-10=0
which is characteristic equation.
Put A = 1 is one root of given equation
1-8+17-10=0
Now, A> =7A+10=0
=A*-2A-51L+10=0
= -2)(L-5)=0
=A=2o0r5
Hence, eigen values of given Matrix A one 1, 2, 5

=0

Option (d) is correct.

Given vector function and scalar funcricus

p= (2xZ -3xy + zz)i + (Zyz -3yz+ xz)j

+(ZZ2 -3xz+ xz)lz

r=6x"+4y* - z* —=9xyz - 2xy + 3xz — 4z

Consider two statements P and Q

P : Curl of the gradient of the scalar field r is a Null

vector 3

grad r =Vr=—i+—j+—k
X

=(12x—9yz—2y+32)§+(8y—9xz—Zx—z)}'
+(—2z - 9xy +3x - y)lz

Curl (grad r) =
ij ok

9 9 9

ox Jdy 0z

FE F E

1 2 3

o OF, _0F, _;(%_%)HQ oF,
dy 0z ox 0z ox

V x (grad r)

_aﬂ]

dy

i(=9x —1-(-9x - 1)) j(3—9x — (-9 +3))]

+(=9z -2 —(-9z - 2))k

f(—%—/+%+]()—}'(—%+1+%—;{)HQ
(-92-Z+9%+2)

0i + 0}' +0k = Null vector

Q: Divergence of curl of the vector field P is zero
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29.

30.

31.

32.

i ]k
. =_. |9 o 9
E F E

i(0 - (-3y)) — j(-3z + 2x — (22)) + k(2x + 3x)
3yi — (2x — 5z)] + k(5x)

div curl p=V-(Vxp)

92 0~ 0> . -
[axl+8y]+ } (3yi — (2x — 5z)] + 5xk
0 0 0
< 9 r2x- 9
R

0+0+0=0
Hence, both P and Q are true.

CIVIL ENGINEERING (CE-2)

Option (b) is correct.
Given Partial Differential equation

2 2
T T (1)
ox” oy
Y

TTy) 100
Temperature at 50 I 50
centre = Average of
Temperature at sides 50 X
50+50+50+100 _ 625

4
Option (a) is correct.
Statement
P: (A + B)T = A" + B itis True because Transpose
is distributed over addition i.e.,
A+B) =A"T+B"
Q: (AB)T AT BT it is false because in Matrix

Multlphca’uon Transpose should follow Reversal
law i.e., (AB) =B A so that statement P is true
and Q is false.

Option (a) is correct.

The standard formula for finding 2™ derivative
using 4™ order divided difference formula is as
fallow:

F @)=yl fia 164, -30f +165 £

Option (b) is correct.
fy=x"-27x+4, 1<x<6
Differentiation with respect to x

Zl=f’(x)=3x2-z7=o L xX=9
df x=%3
LY - (x)=6x

x =3lieinthisrange 1 <=x <6

33.

34.

35.

f(B)=6x3=18 +ve
Has Point of Minima
Option (b) is correct.
Consider two Ordinary Differential equations
P dy _ x* +3x%y° + 2y
Tdx x’y
Given ODE is Homogeneous Linear Differential
equation of first order
because f(x,y)=x"+3x*y> +2y"
is of same 4, degree Term
Same as f,(x, y) = x°y having 4 degree term.
Ly _ -y
@ dx
Zdy = —yzdx = yzdx + xzdy =0
Mdx + Ndy 0
M = y P N =
We check the condition exactness

M_p, N,
oy
9

Ox
Hence ﬂ # N so given differential equation is
oy  ox
not exact differential equation.
Statement: P is Homogeneous ODE and Q is not
an Exact ODE.
Options (a, b) are correct.
Three vectors p+ 4§ —7 are given as

ﬁ=§+}'+12 q=§+2}'+312

7 =2i+3]+4k
by Observation p+§—7 =0
=7=p+7 ie, p+4 and 7 are linearly dependent
vectors
= p+§—7 lies in a same plane i.e., p+4§—7 are
coplanar
=STP =0
Option [b] is also correct as it is the standard result.
Now checking [a]
=pX(@XT)+GX(TXp)+7x(Pxq)
=px[@x(@+Pl+gx[(p+g)xpl+7x(px7)
=px(@xp)+0+0+gx(7+p)=7x(7%P)
=@xp)lp+q-7r1=(gxp)0)=0

Correct answer is [10].
{2 1 4} 10
= B=|2 3
10 3], L4

1 0 3%x2
21 4] | 4 19
AB_ 1 0 3 . i 2 B 2 12 2X2
So determinant of A B

9
=48-38=10=0

| AB|=
2 12
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35

36.

37.

38.

39.

COMPUTER SCIENCE & INFORMATION
TECHNOLOGY (CS-1)

Option (d) is correct.

Let f : R > R be a function such that f(x) = Max
{x, xg}, x e R.

when R is set of all Real Numbers.

Let =3
3 _ 3 _ y y=x
X¥=x=> x-x=0
=x(x*-1)=0
x=0,1,-1 X

Sharp edgesath =-1,0, 1
.. f(n)is not diff. atx = -1,0,1

Option (b) is correct. Graph of f(x)
1 2 3

Given MatrixA= |4 5 6
7 89

We have
The product of all eigen value of a Matrix A

= The Determinant of A i.e., |A|

1 2 3
|A]l=|4 5 6

7 8 9
= 1(45 - 48) — 2(36 - 42) + 3 (32 - 35)
-3+2%x6-9=-3+12-9=0
Hence the product of all eigen values of A = 0
Options (b, c) are correct.
Given
P(A) =03
P(B) = 0.5 and PAnB) = 0.1
We have by the addition low of Probability
P(A UB) = P(A) + P(B) - P(A N B)

=03+05-01
=08-01=07
Two events A and B are Independent
If P(A N B) = P(A) - P(B)
01=03x05
0.1=0.15
Hence A and B are not independent-events
So option [a] is false.
We have P(A " B°) = P(A)-P(A N B)
=0.3-0.1
= 0.2 where B is the
complement of B.
Correct answer is (2).
" f: A— Bis one-one and onto Mapping
= |A| =|B|=n
We check, f: (A x A) > (A UB)
, |m ifA=B

" _{Zn ifA#B AnB=0¢
"+ fis one-one
|AxB| = |AUB|

Soeithern’=n or n*=2n
n=20,1 n=20,2
on=1,2

. Number of possible values of Cardinality of
A=2

40.

41.

42,

Option (a) is correct.
Given Recurrence
Jn T(\/;)+n forn>1

Relation T(n) = { 1 ¢ 1
orn=

T(n)= \/;T(n”z)+ n
=n'? [(nz)m T(nzu2 ) + nm} +n
=n2% ~T(nzm)+n+n
= n2§ [nzm + T(nZU3 ) +n?” } +2n

=n? -T(nzx) +3n

K times
2F -1 1 1
= nZk T(ﬁ) + km{ ﬁ =2
2 =log,n
n

=—T(2)+n-log,log,n k =log,log,n

1
2k
n

s T(n)= g +nlog,log,n = G(nlog2 log, n)

Options (b, c) are correct.
Correct answer is checked by trial option (a)
operator ¢ obeys the associative law
ad®oc)=ad b+ 2)
=a+2b+4c
Consider
@ob)0c=@+2b)0c=a+2b+2
adBoc)=@ob)dc
Option [a] is false.
Operator o over the operator ¢ obeys the
distributive law
ie., a0 (boc)=a? (abc) = a + 2bc
@ob)o@oc)=(a+2b)o(a+2c)
=@+2b)-(a+ 2
Hencea ¢ (boc)# (a0 b)o(a O c)option [d] is false.
option [c] operator ¢ over the operator o obeys the
distributive law
aobOc)=(@ob)0(@oc)
ao(+2c)=a+2c)=L.H.S
R.H.S
(@aob) 0 (aoc) = (ab O ac) = (ab + 2ac) = ab + 2ac
LHS =RHS
Option [b] operator o obeys the associative law
ao(boc)=(aob)oc
ao(be)
abc = aboc = abc

COMPUTER SCIENCE & INFORMATION
TECHNOLOGY (CS-2)

Option (a) is correct.

Let T(n) be the recurrence relation defined as
TO)=1, T@)=2, and
Tm)y=5Tm-1)-6T (n-2)forn =2

Putn =2
T2)=5T(1)-6T(0)=5x2-6x1=10-6=4
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43.

44.

45.

46.

Putn =3
T(3) = 5T (2) - 6T(1)
=5x4-6x2 =20-12=8
T0)=2, T@=2", TE=2) TB=2
So that from the above sequence
T(n) = 6 (2" n=0,1,2 3.

Option (b) is correct.
Let f (x) be a continuous function from R to R such
thatf(x) =1-f(2-x)
Then 7=j fodx o fx) + -1 =1 (D)

Let I = f(x)dx=[[1- f(2-x)ldx = by property of
definite integration

2
1= [1-f(2-(@2-x)]dx
1= "ty - [ f(r)dx = 1=[x] -1
=2I=2
I=1
Option (b) is correct.
Total case of six dice = 6°

Number of favorable outcomes (Cases) = 6!
Therefore, the Probability of getting all distinct

!

Numbers (i.e., 1,2,3,4,5and 6) is = 2—6
6! Bx5! 5! B5x4xf

T e o

_20_ 220 _ 205 5 _5
6' 6°x6 6°x369 36x9 324

Options (b, c) are correct.

Option [a] x- 1 =x [By Identity law]

True. in Booleana -1 =4

Option [b] x + 1 = x is false because its not follow
any law of the Boolean Algebra.

Option [c] x - x = 0 is also false because by
Idempotent law (a - a = a)

Option [d] is correct because its fallow the Inverse

x+x=1
lawie., lg+a=1
a-a=0

Correct answer is [4].

Given A ={1,2, 3,4}

and P is a Partial order set our A.
P={{(x,x):xe A}U{(1,2)(3,2)(3,4)}

" Pis a Partial order Set so it is Reflexive
xRx VxeAp

So that Hasses diagram of given Relation

N

47.

48.

Hence, Topological Order
13 2 4

1 3 4
31 2
31 4

N DN

So the total orders are A that contains P [4]
Option (d) is correct.
For options (a) and (c),
Assume x is a random variable uniformly
distributed in the interval [0, 1]and y = 1-x
So, E(x)=~ and E () =E(1-x) = E(1) - E (x)
2 1 1
=1--==
Given, z = xy 22

— ) = [(x(1—x)dx = L
E(z) = E(xy) = IO x(1-x)dx = G

Therefore, E (z) =< E(x) E(y) (Here covariance is
negative.)

This is not true.

For option (b),

Assume x is a random variable uniformly
distributed in the interval [0, 1] and y = x.

1

80, E(x) =5 E(1) =5

Given z = xy
E(z) = E(uy) = [ xxxdy =2
(z)= (xy)—joxxx x—g

Therefore, E(z)>E(x)E(y)

[Here covariance is negative.]

This is not true.

For option (d),

Given, x and y takes values in the range [0, 1].

So, 0<y<1=0<xy<x

= E(0)<E(xy)<E(x)

= 0<E(z)<E(x)

=0<z<x

Hence, Z < x is true.

Correct answer is [4].

Z,xZyxZ, ={(p, q,7)|p{0,1}, 410, 1, 2}, r€10,1,2,3}}
So, Z, x Z3 x Z, is a set of triplets in which first
element comes from the set {0, 1}, second element
from {0, 1, 2} and third element from the set
{0, 1,2, 3}.

It forms a group say G under the operation L.
Now, (pu Gir 7’1)®(P2, Tz Tz) = (pl D, 02,0 D3 9,11 &, rz)
Here x,, y = (x + y) mod m

Now, x = x means ¥* = e, where x and identity
element e belongs G.

To find the number of elements x of G such that
xll x=e.

For G, the unique identity element = (0, 0, 0)
Because (p, g, 7) 1 (0, 0, 0)
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49.

50.

51.

=(p®,0,0®,0,r®,0)

=(p,q,7

To find x such that x Tx = e

(pp‘h/rl)m(pl/ql/r]) = (pl ®z P19 ®3 a1 ®4 rl) = (O/O/O)
Point (1): for x;, we have 2 options that is 0 and 1
ie. 0[,0=0and1,1=0

Point (2): for x, we have 1 option that is 0.
ie.030=0and forx, =1,2

10;1#0and 20;2#0.

Point (3): for x; we have 2 options that is 0 and 2.
ie.0,0=0,200,2=0andforx=1,3ie. 10,1
#0and 30, 3#0

Therefore, for x;, we have 2 options, for x, we have
1 option and for x; we have 2 options

So, total options for ¥ =eis2x 1x 2ie., 4

ELECTRONICS AND COMMUNICATION
ENGINEERING (EC)

Option (a) is correct.

Given complementary function (C-F) = (At + B)e™
;(cl +c2t)e’2‘ i.e., the roots of Auxiliary equation
are m = -2, -2 (Real and equal)

So A - E becomes

(m+27=0

m*+dm+4=0

M — D Replace

(D*+4D+4)y=0

. Required Differential equation will be

p-4

dy ,dy
—-+4—=+4y = f(t

Correct answer is [11].

Given equation x> —12x+37 =0
whose one root x = 8§,

let the base is r —

% = (Ixr+2x7°)x +3xr' +7x7° =0
X —(r+2)x+3r+7=0

Put x = 8 (is one solution)

64— (r+2)x8+3r+7=0
64-8r-16+3r+7=0

71-16-5r =0
55-5r=0 = 5r=>55
o (r=11)

Hence, base value is 11.

Correct answer is [5].
Let R and R? denote the set of real numbers and the
three dimensional vector space over it.
{[2-3al,[3-1,3],[1-5,7]}
Given vectors form basis so there must be Linearly
Independent (L-I) and its condition is
|A] =0

xl

Model Matrix | x,

X3

52.

53.

2 -3 «
3 -1 3
1 -5 7
2 -3 «a
|A|#£0 [+3 -1 3|#0
1 57

2(=7+15)+3(21-3)+ o(-15+1)#0
16+54—-140.#0
70140 @ a#5

Option (d) is correct.
J- sinmz
cz*(z-2)

plane |z| =3

Pole: equating Denominator of f(z) to zero

ZZ(Z—Z) =0 ..z=0isapoleoforder2andz =2

is a simple pole.

Both pole lies in the Region R so by Cauchy Integral

formula

z where c is the circle in the complex

L1 19%: - fy =15,

2mi‘cz—a

,[ sm nz _[ sirinzz iz

ZZ

[ sinmz d sinmz
= 2mi = + 1M X
L dz z-z |,

oA stn {n(z 2)cosmz —smnz}
= 2mi
(z-2) -0
2
=2mi| 0 ( m__4mi_ -1’
(—2) 4

Options (a, c) are correct.
Given state space

dx 0 -2 1
i [1 _3} + {O}r,y =[2,-5]x

from the given Model
TF= C(SI - A‘lB) +D
2s+1

TSP +3s42
Forms this controllable form can be written as

3

y=[1, 2]x +[0]u

Another possibility

I fe 225+1 _ 1,3
5°+35+2 5+1 5+2

By Partial fraction

o Skl

X' = X+ v
0 -2 3

y=[1,1]x +[0Ju

Diagonal form of state space.
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54.

55.

Options (a, b, d) are correct.

[ Fdx+ fdy+ fdz=[ F-dr is Independent of
Contour C

Then F is conservative vector field

- F=V¢= grad ¢ where ¢ s called Scalar potential

PN ~ ddps 00~ 00~
E1+F3]+F3k:$z+@]+gk
:>F1:a—¢ Fzza—q), F3:8¢

ox ay 0z

~* F is Conservative vector field then curl F =0
ie, YxF=0

ik
a9 9|,
ox dy o0z
E FZ FB
AR AN AT
dy 0z ox 0z ox dy
=0i+0j+0k
Equating both sides
OF, _oh, Ok o o _0oh
dy 09z  ox 9z  o9x dy

If F is rotational then

[ Fx+Edy+ fd, =0

But

V-F=V-(V))#0

Options (a, b) are correct.

1 k
Given Matrix {2 J where k is a positive Real

Number.
Characteristic equation of A

1-» &k
2 1-A
(1-A?-2k=0 = (1-A)%=2k

o (=) =+2k

A =1++2k =1++/2k,1- 2k, are called Eigen values.

|A=A|=0

ie.,

X2
to Eigen value A =1++/2k.
Matrix equation will be

[A-AF]x, =0

X-1-2k k {xl}_m
2 X-1 -2k %] [0

-2k k x| |0

I M

—2kx, +kx, =0 = —/2kx, = —kx,

X, =Lx2= kxz letx,=1
J2k N2

x
Let X, = { ' } We the Eigen vector corresponding
2x1

56.

57.

58.

\/E 1
X = 2| = 2
1 k

Similarly, Eigen vector at A =1-+/2k

7 Al

\/ﬂxl+kx2=0:>x2:—ix

a2k ?
k 1
o
X, — | =
1 k
1 1

Hence eigen vectors are \/E , 2
k k

at ) =1++2k

ELECTRICAL ENGINEERING (EE)

Option (c) is correct.
Only the matrix
1 4 8
0 4 2| hasanInverse
1 2 4
Because its determinant not equal to zero.
1 4 8
A=|0 4 2| =1(16-4)-4(0-2)+8(0-4)
1 2 4 =12+8-32
) =20-32=-12=#0
A7 = w
|A]

and rest of the Matrix has zero determinant.

Options (b, d) are correct.
X=1{-10,-9.....0.....9,10}

X be any discrete random variable

X* = {100, 81, 64, ......4,1,0,1,4,9 ...... 81,100}
which consist Total 21 Terms,

PO) = 21 and P(1) = %

s0 X* is not uniformly distributed.

(X +10)*={0,1,4,9,16 ...... 81,100 121, 400}
. P(choosing any No.) = bo
distributed.

Now X° = {-1000,-729,-512.....-8,-1,0,1,8, ... 729,
1000} 1
Again P(choosing any No.) = 2
also uniformly distributed.

so it is uniformly

= constant so it is

Option (d) is correct.

Which of the following complex function is/an
analytic an the complex plane.

A function w = f(z) = u + iv is called Analytic
function if it satisfy C-R equation
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59.

60.

61.

ou _dv ou _dv

Eoi @ and @ ™
Given function w = f(z) = Z—zwhenz =x + iy
w=fz) = (¢ + iy)° = (x + iy)

=x"+iy +2xyi-x-1iy

=( -y~ ) + Q-1

Hence

u(x,y) = xz_yz_x o(x,y) = 2xy -y

dy ou

—==2x-1 ..»1 —=-2 (2
o=l () S @
v Jdv

—:2 ....3 f=2 _1 ...4
ot ®) oy~ 2 @)
from (1) and (4) we have

0] o @) and (3 we have -2
P 3y and from (2) and (3) we have ay o

Correct answer is [0].
Given

2
f(z) = cos z + ¢ is a function of complex variable z.

2 x4

cosx=1-—+—":---+

we have YT

Then the coefficient of z° in Taylor Series Expansion
of f(z) about z = 0 (origin)

2 4 4 6
f(z):[l_z+Z_...J+[1+ZZ+Z+Z+...)
2! 4! 2! 3!

f(z):2+(1—%]22+(%+%)z4+---

all the terms in the expansion of Taylor series are
even Paurer Term.
So that the coefficient of z° is zero.

Correct answer is [29].
We have sum of the eigen values of a matrix is
equal to the Trace of A.

, , 127 [1 2] [1 2] [7 10
Given matrix A= = X =
3 4 3 4 3 4 15 22
Let A; and A, be the eigen values of A
Then A; + A, = Trace of A
M+tA=7+22=29
Correct answer is [0].

We have by
Fourier Transform

Py == [ e i = £(9)

x(H)=e" cost —0 <t <o
F{x(t)} = x(w)

We have tx(t) 2 j

DO - pw)
] dw

dx(w)
do
flt)=

[dx((o)

1o Lm_o =[F(w)],-, = Area of f(t)

62.

63.

64.

=" *dtx(.t) t= A react odd -
- function
=0
x(t) = even function
t& = odd-function
v
Option (c) is correct.
Given f(x, y, z) = 2log (xy) + log (yz) + 3log (xz)

Direction vector 7 = 2i + } +2k

At the point (1, 1, 1). We have the directional
derivative of f(x, y, z) in the direction of the vector
isat(1,1,1)

:gradf.,}zw.izvjt.i
lal |
. Ofs o O
grad f=Vf 8xl+ay]+az
2yl ?+[x lz]A
v ¥ a7 )
L3 xk
¥z LA

(2 3). (2 1jq (1 3]A
=l =+—|i+| —+—|j+| —+—|k
x o x ¥y oy z z
5i+3j+4k at(1,1,1)
~ Aon s 20+ 742k
D.Doff=grad f-u=(5i+3j+4k) ———
_10+3+8 _21_,

3
Option (c) is correct.

We have by the z-trans form of any Sequence be

Z{m} = Zw: mz ™" =u(Z) (D
given sga{;ence Y[n] = X[2n]

0

ZY)t= 3 Y[l = 3 [2n)z

n=—wn n=—w

Let2n=K ... n=k2

> X(k)zm:i{W}zm

k= even Integer =—0

- ;{ S XK+ Y (—1)kX(k)zk/2}

_ ;LiX(k)(zM)k + :X(k)(—zl/z)k}

_ %[X(zm )+ X(~2")]=Y(2)

k

Option (b) is correct.
Given f(t) be a real valued function whose second
derivative is positive for —o <t < o

2
If % = f'(t) =+ve from o < t < oo then function
is Minima
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65.

66.

= —ve from —o < t < o the function is Mixima
Then f(t) can not have two distinct local maxima.
Option (b) is correct.

Given f(t) = (Max (0, £)®) for 0 < t <

when Max (g, b)

IO = "
—© 0 Oox —00 [§) 0

. f(x) is differentiable and f(x)
f’(x) is not continuous.
f(t)is differentiable and its derivative is continuous.

is continuous but

Options (b, d) are correct.
Which of the following Differential equation is/are
non linear?

Option (a) ()+tx(t)—t ¢! x(0)=0 is a linear

differential equatlon

d(x(t)

Option (b) %e +x()———==0, x(0)=0

() dx(t) Lo

d1fferent1a1 equation

=0, x(0)=0 is mnon linear

Because x% i.e., product of dependent variable
and derivative is appear.
Option (c) x(t)cost — %Sint =1 x(0)=0

—sintd—x+xcos t=1
dt

d . . .
d—f—xcottz—cosectso it is also linear

differential equation of first order.

dx(t) -1

Option (d) x(t)+e T x(0)=0
e% =1-x taking log both sides.
dx

== log(1 - x) is non linear differential equation
v

because dependent variables is in log or the

derivative dx is in the from edi
dt dt



