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SECTION - A GENERAL APTITUDE

Q.1 ‘| cannot support this proposal. My will not permit it.”
(a) conscious (b) consensus
(c) conscience (d) consent
[1 Mark : MCQ]
Ans. (c)
Q.2 Courts : . Parliament : Legislature
(a) Judiciary (b) Executive
(c) Governmental (d) Legal
[1 Mark : MCQ]
Ans. (a)
Q.3 What is the smallest number with distinct digits whose digits add up to 457
(a) 123555789 (b) 123457869
(c) 123456789 (d) 99999
[1 Mark : MCQ]
Ans. (c)
The digits should be distinct and smallest number is 123456789.
Q4 In a class of 100 students,
(i) there are 30 students who neither like romantic movies nor comedy movies,
(ii) the number of students who like romantic movies is twice the number of students
who like comedy movies, and
(iiiy the number of students who like both romantic movies and comedy movies is 20.
How many students in the class like romantic movies?
(@) 40 (b) 20
(c) €0 (d) 30
[1 Mark : MCQ]
Ans. (c)

Let students who like Romantic Movies = R.
Students who like Comedy Movies = C.
Given R = 2C
Also, 30 students do not like Romantic and Comedy Movies both.
100-30=70 = n(Rn C)
and nCnR)=20
n(Rn C)=n(R) + n(C)—n(Cn R)
70=2C+C-20
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3C =90

C=30
R=2C =60
Q.5 How many rectangles are present in the given figure?
(a) 8 (b) 9
(c) 10 (d) 12
[1 Mark : MCQ]
Ans. (c)
Number of rectangles = 10 as square is also called as rectangle.

Q.6 Forestland is a planet inhabited by different kinds of creatures. Among other creatures,
it is populated by animals all of whom are ferocious. There are also creatures that have
claws, and some that do not. All creatures that have claws are ferocious.

Based only on the information provided above, which one of the following options can
be logically inferred with certainty?
(a) All creatures with claws are animals.
(b) Some creatures with claws are non-ferocious.
(c) Some non-ferocious creatures have claws.
(d) Some ferocious creatures are creatures with claws.
[2 Marks : MCQ]
Ans. (d)
Q.7 Which one of the following options represents the given graph?
f(x)
T T } } ] } } T T
0 X
(8) f(x)=x?27""! (©0) f(x)=x27!
(c) f(x)=|x|2"‘ (d) f(x) = x2*

[2 Marks : MCQ]




Ans.

(a)
Since, the given function is an even function.
Option (d) is only represents the even function.

Q.8

Ans.

End of Solution

Which one of the following options can be inferred from the given passage alone?
When | was a kid, | was partial to stories about other worlds and interplanetary travel.
| used to imagine that | could just gaze off into space and be whisked to another planet.

[Excerpt from The Truth about Stories by T. King]
(a) It is a child’s description of what he or she likes.
(b) It is an adult's memory of what he or she liked as a child.
(c) The child in the passage read stories about interplanetary travel only in parts.
(d) It teaches us that stories are good for children.

[2 Marks : MCQ]

(b)

Q.9

Ans.

End of Solution

Out of 1000 individuals in a town, 100 unidentified individuals are covid positive. Due

to lack of adequate covid-testing kits, the health authorities of the town devised a strategy

to identify these covid-positive individuals. The strategy is to:

(i) Collect saliva samples from all 1000 individuals and randomly group them into sets
of 5.

(i) Mix the samples within each set and test the mixed sample for covid.

(iiy If the test done in (i) gives a negative result, then declare all the 5 individuals to
be covid negative.

(iv) If the test done in (ii) gives a positive result, then all the 5 individuals are separately
tested for covid.

Given this strategy, no more than testing kits will be required to identify all
the 100 covid positive individuals irrespective of how they are grouped.

(a) 700 (b) 600

(c) 800 (d) 1000

[2 Marks : MCQ]
(a)

Q.10

End of Solution

100 cm x 32 cm rectangular sheet is folded 5 times. Each time the sheet is folded,
the long edge aligns with its opposite side. Eventually, the folded sheet is a rectangle
of dimensions 100 cm x 1 cm.
The total number of creases visible when the sheet is unfolded is
(a) 32 (b) 5
(c) 3 (d) 63

[2 Marks : MCQ]




Ans. (c)
32 Folding first time

| —+— .. Creases =1
100 =

16 16
1 4+2" 4224234024
1+2+4+8+ 16 =31

After folding 5 times

End of Solution




SECTION - B TECHNICAL

1 2
Q.11  Let vy=|2|andv, =| 1| be two vectors. The value of the coefficient o in the expression
0 3
v, = av, + e, which minimizes the length of the error vector e, is
7 2
(a) > (b) 7
2 7
© = @ -3
[1 Mark : MCQ]
Ans. (c)
e=V, -aV,

e=(i + 2k + Ok) — a(2i + | + 3Kk)
6 = (1-20)7 +(2-a)] +(0-30)k

|é| = \/(1 —20)° +(2-0)? + (=3a)°
P

2 Z 5 4+ 1402 — 8a to be minimum at aai=28oc—8=0
o

~

€

2 : .
- stationary point

R
1l

End of Solution

Q.12 The rate of increase, of a scalar field f(x, y, z) = xyz in the direction v =(2,1,2) at a
point (0,2,1) is

2 4
(a) 3 (b) 3
(c) 2 (d) 4
[1 Mark : MCQ]
Ans. (b)
fx,y,2) = xyz
VF = if, + jf, + ki,
= {(y2)+ J(x2) + k(xy)
\%i 0,21 = ;(2)+0]+O/2
Directional derivative,
DD = v7. 2
al

= (25+O]+0/2)-M _ i:

V22 4 2422 9

Wl

End of Solution




[1 Mark : MCQ]

End of Solution

Q.13 Let w* = 16/. Which of the following cannot be a value of w?
j2m In
(@ 2¢8 (b) 2e8
o o
(c) 28 (d) 2¢ 8
Ans. (a)
W= (2)/'1/4
w=2(0 + )
W= 2|:ej(2n+1)n/2:|1/4
_ 2|:ej(2n+1)n/8:|
For n =0, w= gin/8
For n = w= 2g%M/8
For n = w= 2%M/8
Q.14 The value of the contour integral gﬁ _ 2
' I 22z 2
. 3. . o
zZ: Z+1‘§/ =11, taken in the counter clockwise direction, is
(@ -n(1 + ) (b) m(1 + /)
© =n(1-/) (d) —n(1 - )
Ans. (b)

=1

z+1—§i
2

]:¢L2dz-cz
17242742

Poles are given (z + 12+ 1 =0

Z+ 1= +J-1
z=-1+j,-1—-§
where -1 — i lies outside ‘¢’
z= (-1, 1) lies inside ‘C.
by CRT

$f(z)dz

c

2ni Res (f(2), z= -1 + ))

27Il
( ) z=—-1+i

)dz, where the contour C is

[1 Mark : MCQ]




= 2mi 7_1+j,+z
2(-1+/4+7)

=n(1+))

Q.15 Let the sets of eigenvalues and eigenvectors of a matrix B be {A, | 1 < k < n} and

{v, | 1 < k< n}, respectively. For any invertible matrix P, the sets of eigenvalues and

eigenvectors of the matrix A, where B = P~ AB, respectively, are

(a) {Arxdet(A)l1<k<n} and{PvI1<k<n}

(b) {rgl1<sk<ntand{v,l1<k<n}

(©) {MI<k<n}and{Pvil1<k<n}

(d) {rxl1<k<ntand{P v, 11<k<n}

[1 Mark : MCQ]
Ans. (c)
B=P'" AP

= A = PBP-

= A, B are called matrices similar.

= Both A, B have same set 7 eigen values

But eigen vectors of A, B are different.

Let BX = AX

= (PTAP)X = A X

= A(PX) = MPX)

. Eigen vectors of A are PX.

Q.16 In a semiconductor, if the Fermi energy level lies in the conduction band, then the

semiconductor is known as

(a) degenerate n-type. (b) degenerate p-type.

(c) non-degenerate n-type. (d) non-degenerate p-type.

[1 Mark : MCQ]

Ans. (a)

As the Fermi lies inside the conduction band hence it is degenerate n-type semiconductor.
Q.17  For an intrinsic semiconductor at temperature T = 0 K, which of the following statement

is true?

(a) All energy states in the valence band are filled with electrons and all energy states
in the conduction band are empty of electrons.

(b) All energy states in the valence band are empty of electrons and all energy states
in the conduction band are filled with electrons.




(c) All energy states in the valence and conduction band are filled with holes.
(d) All energy states in the valence and conduction band are filled with electrons.
[1 Mark : MCQ]

Ans. (a)
Intrinsic semiconductor at T = 0 K behaves as an insulator.
Hence, valence band is completely filled with electron and conduction band is completely
empty.
Q.18 A series RLC circuit has a quality factor Q of 1000 at a center frequency of 108 rad/s.
The possible values of R, L and C are
(@ R=1Q, L=1puyHand C =1 pF
b)) R=01Q,L=1pyHand C=1pF
() R=001Q, L=1pyHand C =1 pF
(d R=0001Q,L=1pyHand C= 1 pF
[1 Mark : MCQ]
Ans. (d)
Given: Q = 1000 and o, = 106 rad/sec
We know, for series RLC circuit,
_ @b
Q= R
Also, o, = fi
LC
S N B Iy [
~JLc R R\C
So, L=1pH, C=1pyFand R = 0.001
Q.19 For a MOS capacitor, V,, and V, are the flat-band voltage and the threshold voltage,

respectively. The variation of the depletion width (Wdep) for varying gate voltage (Vg) is
best represented by
Wdep

(a)

{ |
T
Viy Vi v,
accumulation depltion inverstion




L —
(b)
; }

Vin Vi Vy
accumulation depltion inverstion
Wdep

(© \
} '
Vi, Vi Vg
accumulation depltion inverstion
Wdep
(d) \
I I
Ve, Vi Vg
accumulation depltion inverstion

[1 Mark : MCQ]

Ans. (b)
+ We know V; < V5 then accumulation mode.
. In accumulation mode because there is no depletion charge.
Now, V5 < V5 < V; = then depletion and inversion mode.
. Depletion width is available.
. Vg > V; = Strong inversion.
. Depletion width W, = Constant.
2¢ |¢s|
And W, = y[~gn and |05 | Vi
But after strong inversion, W, remains constant.
.. Correction option is (b).
Q.20 Consider a narrow band signal, propagating in a lossless dielectric medium (€ , =4, u, = 1),

with phase velocity v, and group velocity v,. Which of the following statement is true?
(c is the velocity of light in vacuum.)

@ v.>c v, >c (b) v.<c v, >cC
P g P g
(c) V> C V< C (d)vp<c,vg<c

[1 Mark : MCQ]




Ans. (d)
1 1 C

° Phase velocity, V_ = O__9 _ =
B Oy e \/MO GO’\/Mr Er \/Hr Er
Vp <C
dm V
o Group velocity, V. = —=—F
PR T T ey,
Vp dm
Here, V, # flw)
: Vg = Vp < C
Hence, V, < C
Vg <C

End of Solution

Q.21 In the circuit shown below, V, and V, are bias voltages. Based on input and output
impedances, the circuit behaves as a

Vop

Vourt

(a) voltage controlled voltage source. (b) voltage controlled current source.

(c) current controlled voltage source. (d) current controlled current source.
[1 Mark : MCQ]




End of Solution

[1 Mark : MCQ]

Ans. (d)
Here from circuit,
M, is common-gate amplifier and M, behaves as an active load.
By using properties of common gate (CG) amplifier,
Input impedance (R) is low
Output impedance (R,) is high
So, it is a current amplifier.
Current amplifier is a current controlled current source.
Q.22 A cascade of common-source amplifiers in a unity gain feedback configuration oscillates
when
(a) the closed loop gain is less than 1 and the phase shift is less than 180°.
(b) the closed loop gain is greater than 1 and the phase shift is less than 180°.
(c) the closed loop gain is less than 1 and the phase shift is greater than 180°.
(d) the closed loop gain is greater than 1 and the phase shift is greater than 180°.
Ans. (%)

For oscillation,

1. Loop gain magnitude > 1.

2. Phase of loop gain = 360°

So, correct answer is option (d).

% In options, closes loop gain is mentioned technically it should be loop gain.

End of Solution




Q.23

In the circuit shown below, P and Q are the inputs. The logical function realized by the

circuit shown below is

[1 Mark : MCQ]

End of Solution

[1 Mark : MCQ]

Io
- 2% 1
MUX Y
P I sel
o |
(@ Y=PQ b) Y=P+ Q
© Y= PQ d Y=P+Q
Ans. (a)
Output = Q- Iy + Q- I
= Q-0+Q-P
= PQ
Q.24 The synchronous sequential circuit shown below works at a clock frequency of 1 GHz.
The throughput, in M bits/s, and the latency, in ns, respectively, are
nput — Dy @D, @b, @2
D D D
Flip-flop Flip-flop Flip-flop
AN AN
CLK=1GHz | | |
(a) 1000, 3 (b) 333.33, 1
(c) 2000, 3 (d) 333.33, 3
Ans. (a)
The given circuit is a type of SISO.
: Latency = n x Ty, ... n = number of flip flops
=3 x1 ... Tc|k——=1ns
clk
=3 ns

Now, Throughput = Number of bits/sec
. 1 bit = 1 nsec

10° bits/sec

1000 Mbps

Throughput

End of Solution




Q.25 The open loop transfer function of a unity negative feedback system is

k

G(s) = ,
s(1+sTy) (1+sT5)

where k, T, and T, are positive constants. The phase cross-

over frequency, in rad/s, is
1 1
I, I

(a)

5

(©) A (d) i

[1 Mark : MCQ]

Ans. (a)
We know phase crossover frequency is that frequency at which phase of the open loop
transfer function is —180°.

K
Gls) = s(1+sT,)(1+sT5)
K
Glio) =
W)= o)t joT)i+ joTy)

Phase of G(jo) = ¢ = -90 — tan (0 7T,) — tan Y(wT,)
At o = O ¢ =-180
-180 = -90 - tan™! (@,.Ty) = tan*1(ooch2)
PN = tan*1(mch1) + tan*1(ooch2)

tan_1 (Dch1 :(DchZ _ 90
1=wp i 1o -

|
(@]

1- 05T, =

1

W, = =

= T,

Q.26 Consider a system with input x(t) and output y(t) = x(e&'). The system is
(a) Causal and time invariant (b) Non-causal and time varying
(c) Causal and time varying (d) Non-causal and time invariant

[1 Mark : MCQ]

Ans. (b)
We have, y(t) = x(&")
Att=0

y(0) = x(1)
i.e. present value of output depends on future value of input, hence it is non-causal.




For Time Variant:
Delay the input,
y(t) = x(e' - t,) (i)
Delay the output,
y(t—t) = x(e %) (i)
i.e. equations (i) # (ii)
Hence, it is time variant system.

End of Solution

Q.27

Ans.

Let m(t) be a strictly band-limited signal with bandwidth B and energy E. Assuming
o, = 10B, the energy in the signal m(t)cosw,t is

E E
(a) 7 (b) 5
(c) E (d) 2E
[1 Mark : MCQ]
(b)
M(w)
1
t
-B B
1 B
Energy (E) = 5 | (1 -do
B
E: R
T
Now, let W1t) = m(t) cos w,t
1
)/((l_)) = E[M((D —0)0)+M((D+0)0)]
Here; o, = 108
Y(w)
) 12 __
(O]
-11B -9B 9B 1B
Now, Energy (E) = — [ V(@) - do

1 [958/ 132 18, 4\2
=—{J. (—) ~dm+'|.[—) -dm]
2m| 3\ 2 6B\ 2




- i[l><28+%><28}

n| 4
L _ B _1(B|_E
2n 2\ m 2

End of Solution

Q.28 The Fourier transform X(w) of x(f) = e"2 is

T2
Note: | & dy=+n

—oo

2 —

- e 4

2 b) ——
(@) Vne (b) o

0)2 0)2
© Jne 4 @ JVre 2

[1 Mark : MCQ]
Ans. (c)
We know; e—atz; a>0 \/g . e*w2/4a
Here; a = 1
X((D) _ \/E . e—w2/4
Q.29 In the table shown below, match the signal type with its spectral characteristics.
Signal type Spectral Characteristics

(i) Continuous, aperiodic (a) Continuous, aperiodic
(ii) Continuous, periodic (b) Continuous, periodic
(iii) Discrete, aperiodic (c) Discrete, aperiodic
(iv) Discrete, periodic (d) Discrete, periodic
@ (i) = (a), (i) = (b), (iii) — (c), (iv) — (d)
(b) (i) = (a), (i) = (c), (i) = (b), (iv) = (d)
(© (i) = (d), (i) = (b), (i) = (c), (iv) — (a)
(d) (i) = (a), (i) = (c), (i) — (d), (iv) = (b)

[1 Mark : MCQ]




Ans. (b)
Signal Types Spectral Characteristics
¢ Continuous and aperiodic | ¢ Aperiodic and continuous
e Continuous and periodic | ¢ Aperiodic and discrete
* Discrete and aperiodic ¢ Periodic and continuous
* Discrete and periodic * Periodic and discrete
Q.30 For a real signal, which of the following is/are valid power spectral density/densities?
S -2 b —0f Ana2
(a) X((D)—9+m2 (b) Sy(w)=e" cos”m
Sx(@) Sx()
! 1
(©) (d)
0 ® 0 P
-1
[1 Mark : MSQ]
Ans. (a, b)
(i) S(w)=0
(i) S (w) is even function
Hence, options (a) and (b) are valid power spectral densities.
Q.31 The signal-to-noise ratio (SNR) of an ADC with a full-scale sinusoidal input is given to
be 61.96 dB. The resolution of the ADC is bits. (rounded off to the nearest integer).
[1 Mark : NAT]
Ans. (10)

We know that for sinusoidal input, the signal to noise ratio (SNR) is given as,
SNR = 1.76 + 6.02 n dB
61.96 dB =176 + 6.02 n dB
6.02n=61.96 - 1.76
n =10 bits

End of Solution




Q.32 In the circuit shown below, the current i flowing through 200 Q resistor is mA.
(rounded off to two decimal places).
1 mA
I
O
AAAA i
VVVvy
1kQ l
2V
> <
2kQ S Cf 1 mA S 200Q
2kQ
[1 Mark : NAT]
Ans. (1.36)
By applying source transformation,
v 1V
A MW N
1kQ _
1
2kQ L
2k 3 G 1mA 2002
2V
Apply nodal at node V,,
VA -2 VA VA +1
+ + =
oke "2ka Tl2ke T 1MA
11 1 2 1
al=+=+—| =1+=-| —
A[z > 1.2} RaEY
V,=0.636V
The current through 200 Q resistor,
- V4+1 0.636+1
T 12k 1.2
i =136 mA
Q.33 For the two port network shown below, the [Y]-parameters is given as

12 -1
[Y]_WL 4/3}S

The value of load impedance Z,, in Q, for maximum power transfer will be
(rounded off to the nearest integer).
10Q

120V [Y]

[1 Mark : NAT]




Ans. (80)

2 _1
[Y] = 100 100
1 4
100 300
For the given Y-parameter the two-port network is
[ G )
+ O 1 I O +
v, Y, Y, V,
2
Y=Y+ Y= 70n
y
Yio= Yoy =Y, = 100
4
Y22 = Yb + Yc = %
1
Ivi Y. = —S
On solving, >= 3100
y
Y =
100
1
Y = —
¢ 300

The network becomes,
100 I Zb =100 Q I

120 VCD Z

z,=100Q | [z,=300Q V,

o -
Zth
Converting A — to A,
100 x 100 _ 100 x 300 _
10Q ~ 500 20 T g -00€
AAAA AAAA AAAA o
yyvy \AAAJ \AAAJ
< 100x300_ o )
S 500
2]
Z1h

Zy = 60+[(20+10)1160]

30x60

=80Q
30+60

= 60+




For maximum power transfer,
Z =2y =80Q

Q.34 Forthe circuit shown below, the propagation delay of each NAND gate is 1 ns. The critical
path delay, in ns, is (rounded off to the nearest integer).
D
s D——
B

[1 Mark : NAT]

Ans. (2)
The given circuit can be drawn as;

1ns

}H

A

5
w
mkf

The critical path delay = 1 ns + 1 ns

=2ns
Q.35 In the circuit shown below, switch S was closed for a long time. If the switch is opened
at t = 0, the maximum magnitude of the voltage V., in volts, is (rounded
off to the nearest integer).
2
S 10 AAAA
; +VVVVV
t=0
—000—
1H
Ve=2V—
[1 Mark : NAT]
Ans. (4)
At t = 0"
10Q 20
AA,




2
At t =07
1Q 2Q
2A
Vo= —2x2=-

Magnitude of voltage V/,
|Va| = 4

End of Solution

Q.36 A random variable X, distributed normally as N(0,1), undergoes the transformation
Y = h(X), given in the figure. The form of the probability density function of Yis (In the
options given below, a, b, ¢ are non-zero constants and g(y) is piece-wise continuous

function)

y = hx)

11 /—
T

17T
(@) ad(y - 1) + bd(y + 1) + 9(¥)
(b) aﬁ(y + 1) + bd(y) + cd(y — 1) + g(y)
(c) ad(y + 2) + bd(y) + cd(y - 2) + g(¥)
(d) ad(y + 1) + bd(y - 2) + g(y)

[2 Marks : MCQ]
Ans. (b)
= N(O, 1)
fiex)
0\ X
flo) = gl




1¢
I
/i
-2 -1 !
? re
i/ 1 2 X
I
; » —1

Y=-1;,x<-2
0;-1<x<1
1:;, x=22

x+1;-2<x<-1
x—1;1<x<2
Yis taking discrete set of values and a continuous range of values, so it is mixed random
variable.
From the given options, density function of ‘Y’ will be.
fu(y) = ad(y + 1) + bd(y) + cd(y - 1) + g(y)

End of Solution

Q
Q.37 The value of the line integral IP (Z%dx + 3ydy + 2xz dz) along the straight line joining

the points A1, 1, 2) and Q(2, 3, 1) is

(a) 20 (b) 24
() 29 (d) -5
[2 Marks : MCQ]
Ans. (b)

Q
Izzdx+3y2dy+2xzdz along the line joining the points P(1, 1, 2) and Q(2, 3, 1) is
P

P(2.1) 3
_[ Z2dx + 2xydz + I 3y2dy

P(1,2) y=1

(2 + ()

(2x12-1x2% + (3 - 19
2 + 26 =24

End of Solution




Q.38 Letxbe an nx 1 real column vector with length 7 = v/x" x. The trace of the matrix P = xx”

is
12
(@) 7# (b) y
12
© ! @ %
[2 Marks : MCQ]
Ans. (a)
Given, /= xTx, P= (xxT)
nxn
]
X2
Let W), =]
L Xn
l=~x"x= \/x12 +X2 XS XD
P=xx'
]
X2
X
=" [x1 X5 x3...xn]
L¥n
_x1 _
2
xq
P = -
I x|

Trace of P = x12+x§+ ..... +x,§=l2

End of Solution




V
Q.39 The UL of the circuit shown below is
IN
R2
AAAA
\AAAJ
VCC
R1
o MW -
VIN
+
= _VEE
VCC
WW i
R1
—_ —Vee
= AAA
\AAA
R2
R R
(8 -5 (b) =+
A3 Rs
© 1+ (@ 1-5
Rs

Ans.

[2 Marks

: MCQ]




Also, A, is an inverting summing amplifier,

_R R _
— AV -2, - i{i\/ J{”%]Vm}

Vou = Ry Ry Ry | R " 1
-R
out ~ 4\/”7
Rs
Gain, “o — s
’ Vin RS

End of Solution

Q.40 In the circuit shown below, D, and D, are silicon diodes with cut-in voltage of 0.7 V.
Viy and Vi are input and output voltages in volts. The transfer characteristic is

D1
VIN E : VOUT
D, 1 kQ

1 1 /
(©) /_ i (d) i

[2 Marks : MCQ]

Ans. (a)
Case I:
v, =07V
For the +ve half cycle if input V,,
D,—ON and D, — OFF
For diode D;: V- 1V> 07
V., > 17V

VO = V‘\n_ 0.7




Case II:
For the +ve half cycle if input V,,
D, — OFF and D, — ON
For diode D,: 1-V, >07
V., < 0.3V
Vo=V, ,+ 07
Case llI:
03V<V, <17V
D, — OFF and D, — OFF
Vo=1V
Transfer characteristics,

Q.41

Ans.

End of Solution

A closed loop system is shown in the figure where k > 0 and a > 0. The steady state
error due to a ramp input (R(s) = a/s?) is given by

R(s) = a/s? S Ets) S5+2) Sl_i %) 1s)
20 o
@ —- ®)
o o
(© ok (d) K
[2 Marks : MCQ]
(a)
Given, input is r(t) = atu(l)
o
R(s) = —
(s) 2
From the figure,
K
H(s) =
G(s)H(s) S5+

Now steady state error for Ramp input is

o
€y = K_v where o is the magnitude of Ramp input

K = lim[sG(s)H(s)]

V' 550

: sxK K
K = lim =—
v™ s-0| s(s+2) 2




End of Solution

Q.42

Ans.

In the following block diagram, R(s) and D(s) are two inputs. The output Y(s) is expressed

as Y(s) = G,(s)A(s) + G,(s)D(s).
G,(s) and G,(s) are given by

&
:

“c +/\_ + ) @ ¥(s)
T
~ G(s) _ Gls)
@ Gio)=1- GO+ GIHE andGy(s) = 17 Gs)+ GOHs)
©) G0 =159+ Ao 0 %29 = 150+ He
~ Q&(s) _ Gls)
© GO=1 9+ He %= T Ee + GoHe
~ Q&(s) _ Gls)
D G = 160+ Gore ¢ % = TG+ A
(a)
D(s)
R(s) +_f\ +_ ) @ Ye)
Y(s) = Gy(s)R(s) + G,(s)D(s)
Yi(s) Ya(s)
Considering first A(s) only, then Y(s) is Y.(s)

R(s) ) H) G(s)

N

Yi(s)

[2 Marks : MCQ]




+ G(s)
1+ G(s)H(s)

G(s)

Yi(s) _ 1+ G(s)H(s)
R(S) - 1+ &

1+ G(s)H(s)
Yis) _ Q)
Rs) 1+ Gls)H(s) + Gs)

B Gl(s)

Yi(s) = L TG(s)+ G(s)H(s)}R(S)

&)
Gi(s) = 15 Gls)+ GH(s)
Now considering D(s) only, then Y(s) is Y,(s)
D(s)

- )\ G(s) Yy(s)

p(s)—( }—1 6 Y,(s)

Yo(8) Gls)
D(s) = 1+ G(s)[1+ H(9)]
Gls)
YAs) = L T Gls) + G(s)H(s)}D(S)
Gs)

Co3) = 15 Gls) + GH(s)
Hence, G,(s) and G,(s) both are equal.

End of Solution




Q.43 The state equation of a second order system is

x(t) = Ax(t), x(0) is the initial condition.

Suppose A, and A, are two distinct eigenvalues of Aand v, and v, are the corresponding
eigenvectors. For constants o, and o, the solution, x(1), of the state equation is

2 2
@ Yoy, (b) Yoy,
i=1 i=1
2 2
© Yoy, (@) Yoely,
i=1 i=1
[2 Marks : MCQ]
Ans. (a)
Q.44 The switch S, was closed and S, was open for a long time. At t = 0, switch S, is opened
and S, is closed, simultaneously. The value of i (0*), in amperes, is
ol
sl L Tl
10003 52
1ACD —= 0.01F 502
%1 H
(a) 1 (b) -1
(c) 0.2 (d) 08
[2 Marks : MCQ]
Ans. (b)
Att=0"; S — closed, S, — opened
& 100 Q
+ <
0 <
1A CD . _vc( ) S 250
i
1x 25
[ (00)= ————=0.2A
W09 = 100125

v (0) = %xmo:zov

C

At t=0%*; S5 — opened, S, — closed

>
> 25 Q
>

w® O

AAAA




20_4n_08A
255

By KCL: i =i +02=08+02

= lc=—1A

1 =
X

End of Solution

Q.45 Let a frequency modulated (FM) signal

t
x(t) = Acos(of + kf_[_wm(}»)d}»), where m(t) is a message signal of bandwidth W. It is

passed through a non-linear system with output y(f) = 2x(1) + 5(x(f)). Let B denote the
FM bandwidth. The minimum value of w  required to recover x(1) from (1) is

3
(@ By + W () Br
() 2B; + W (d) gBT

[2 Marks : MCQ]
Ans. (b)

t
x(t) = Acos[wcz# K [ m) d){l

—oo

B.W. [x(1)] —» BT = 2[Af + w]

. T

BW =B

Squaring

2
[——————» t
device __| (0

N

Frequency multiplier
n=2

Af" = 2Af
M- }
W, =20,

. ‘ ‘

B 20 B
20)0—7T—Af ¢ 2mc+7T+Af

x(t) —

B.W = By + 2Af
BW[x2(1)] = 2[Af" + o]
= 2[2Af + o] = BT + 2Af




y [1 L_

[©) B 20
¢ (nc+7T 20, 2T — Af ¢
. 0L )
x(t) )
B B
To recover x(t) — 2we —?T —Af >, + ?T
o, > Af+ BT

wC>Af+ 2Af + 20
o, > 3Af + 20

o, >§{2[Af +0l}-o

3
mc>§BT—u)

Compared to FM BW, message BW is very small. So, that it can be ignored.
3

0. > EBT
3
[wc]min = E B
Q.46 The h-parameters of a two port network are shown below. The condition for the maximum
small signal voltage gain % is
S
i hy, i
1 -~ vo)
+ — + +
Vv, hov, SRV,
s() Vi 11V2<_> h21v1<> |:| hys V2:> L t
— — _0
(@ hy; =0, hy, =0, h,, = very high and h,, =0
(b) hy, = very high, h,, = 0, h,; = very high and h,, = 0
(c) hy, =0, hy, = very high, h,, = very high and h,, = 0
(d) hy; =0, hy, =0, h,, = very high and h,, = very high

[2 Marks : MCQ]




Ans. (%)
Dependent current source should have h,, I, instead of h,, V, according to

h-parameter.
y
—h2111><(”RL]
A = Zout _ h

o
v Vs Py 1y + hyp Vs

out
Vv,

hy=0, h,=0

h,, = Very high, h,, =0
Hence, answer should be (a) according to h,, 1,.

To achieve maximum

End of Solution

Q.47 Consider a discrete-time periodic signal with period N = 5. Let the discrete-time Fourier
jk2mn

series (DTFS) representation be x[n] = Zizoake 5, where g, =1,a, =3ja,=2j

. 4nn
8 = -2j and a, = 3. The value of the sum Y, ox{nlsin=2" is
(a) 10 (b) 10
(c) -2 (d) 2
[2 Marks : MCQ]
Ans. (a)
4
Let, I = 3, x(n)sin—
n=0
1 < [ s
= — x(n)~e5—e5}
2] ngo
11 & a4 _jAmn
= —| Y xme 5 = x(n)-e ° (i)
2/ n=0 n=0
4 ,'K.Zi
As we know, ak=12x(n)~e/ N
N n=0
4 —'@k
- Ly ame’n”
S n=0
1 4 _/4Ln
Put K = 2 ; a,=— Y x(n-e °
S n=0
104 Ann
Put K = -2 ; a,=—Y x(n-e®
S n=0
From equation (i), I= le[Sa_z - 5a,]




dp=dosnN

= é,[a?, - 82] =d.,5
2
. [= 2[-2j-2)]=-10
- 5
| End of Solution |

Q.48 Let an input x[n] having discrete time Fourier transform.
X(e®) =1 - e + 2632 be passed through an LTI system. The frequency response
, 1 .
of the LTI system is H(e/®) = 1—59 122 The output y[n] of the system is

(@ d[n]+d[n-1]- %S[n -2]- 26[/7 —3]+98[n-5]

(b) NM—SM—H—lﬁn—ﬂ—g&n—ﬂ+&n—ﬂ

N

©) NM—SM—H—lﬁn—ﬂ+g&n—ﬂ—&n—ﬂ

— N

(d) 8[n]+d[n—-1]+ 58[/7 -2]+ 26[/7 —3]+9[n-5]
[2 Marks : MCQ]

Ans. (c)
vnl = x[n] * A[n]
Y(eR) = X(e/*)H(e")
= [1 —e Py 2@’3/9} 1= 1 g2
2
=1-e/+ 2563 - 056P° —gh?
Taking IDTFT;
vin]l = 8[n] = 8[n - 1] = 0.58[n — 2] + 2.58[n — 3] — §[n — 5]
Q.49 Let x(t) =10 cos(10.5Wt) be passed through an LTI system having impulse response
- 2
ht) = n(sml;l/‘t) cos10Wt. The output of the system is
T
(a) (%} cos(10.5Wt) (b) (%} cos(10.5Wt)
15W
(©) 5 cos(10.5Wt) (d) (15W)cos(10.5Wt)

[2 Marks : MCQ]




Ans. (a)

Given h(t) is Real and Even. When sinusoidal input applied to LTI system having even

impulse response, then output will also be sinusoidal.

x(f) ——— h(t) ——— y(t)
here, Wty = HW)|,_yo 5 - 10C0OS(10.5W1)
let, h(t) = f(t)cos10Wt

o t 7t(sinl/l/?)2
where, f(t) = "
FW)
w
(1) FT

Now; HW) = 5

12w

H(W)’W =105W = o

3
Hence, i) = (gW)(1OCOS10.5VVl‘)

= ?Wcos10.5W1‘

End of Solution

Q.50 Letx,(f) and x,(f) be two band-limited signals having bandwidth B = 4n x 10% rad/s each.
In the figure below, the Nyquist sampling frequency, in rad/s, required to sample y(t),

is
cos(4n x 10°%t)
x4(t)
cos(127 x 10%) <+ ¥
xy(t)
(a) 20m x 108 (b) 40m x 103
(c) 8m x 108 (d) 32m x 10°

[2 Marks : MCQ]




End of Solution

Ans. (d)
Given that, x,(t) and x,(t) are two bandlimited signals having bandwidth
B = 47 x 10° rad/sec.
X4 () Xy(w)
arx103 10 amx10®  © _amx10® |0 apx10®  ©
and y(t) = x,(t)cos(12rn x 10%t) + x,(t) cos(4m x 103t)
Y(w)
> o o 6 01 o 4 o o ®
_{_'\0 _{_'\0 \Q r\Q r\Q r\Q r\Q r\Q
PSS S o & ot okt et
PARESNA L LA RN AR
So, Nyquist rate = 2w,
= 2[16m x 109]
= 321 x 10° rad/sec
Q.51 The S-parameters of a two port network is given as
[S] _ |:S11 S12:|
S S

with reference to Z,. Two lossless transmission line sections of electrical lengths 0,=
B/, and 6, = B/2 are added to the input and output ports for measurement purposes,
respectively. The S-parameters [S'] of the resultant two port network is

i 0, =Bl 0,=BL, |
o— 66— —6—0
A S . b
O 0— —O——9
z1i=l1 z,=0 z,=0 zyr
[S1]
i 81 1e_/v291 81 2e_j(91 +92) 81 16/'291 81 ze_j<e1 +62)
a , , b iy -
@ 8216—/(91+92) 8226—/292 () | Soe8 101+02) 32261292
© [ S, 161291 31266/(91+92) @ S, 16—/291 31266/(91“92)
C . . . .
_821e’(e1+92) 8226/292 _321e/(e1+62) 3226—/292

[2 Marks : MCQ]




Ans.

(a)

Let us evaluate S,, and S,, first at \j =0

vy

(b) S, :

Here, \/2’r =0
Hence,

=

From previous discussion in S

V4
V:\/\/\/\,»  ap vy
MWW AN 2= Pl2
o o o _—
+ N )
il 7 Z, Vo ¢ Z=2
Z'Iv_ 0 22: 0 sz= i
V, = Vit + Vo = (VY e P (1) et
Vi = (Y e P
\/1‘ = (\/{)eﬂ'ﬁlw
g v)e S, &2k
Ty e
Sii = S e =5, 7%
S1,1 = 811 e_j261
Vy = Vs e v vy e e = (Y + (g Y
V,= () =V, e
\/2‘ = (\/2—)' ot Bk
11
V= () et
— —\7 Bl
g o Ve (et S, &bl +bh)
(e
S)y = S, e BB
Shy = Sy @017 02) (looking at options (a) is correct)

End of Solution




Q.52 The standing wave ratio on a 50 Q lossless transmission line terminated in an unknown

Ans.

load impedance is found to be 2.0. The distance between successive voltage minima
is 30 cm and the first minimum is located at 10 cm from the load. Z, can be replaced
by an equivalent length / and terminating resistance A _ of the same line. The value
of R and [_, respectively, are

P ! Py
z
—t
% N =R,
- RS [ —1
z=2,2z=0
(@ A, =100, [ =20cm (b) R, =25Q,1 =20cm
(c) R, =100Q, [ =5cm (d) R,=25Q,1, =5cm
[2 Marks : MSQ]
(b, )
Given S=2, Z = 10cm, Z, = 50 Q
S-1 2-1 1
As we know that, Il = m = ﬁ = 5
Now, distance between successive voltage minima = 30 cm
A 30
= 5 = cm
= A=60cm

Also, for minima,
2BZ.,, = (2n+ 1)m + 6

min
At n =0, 1st minima, Z_, = 10 cm

4n

TZmin =TE+9F

4n
= %*10 :Tc+9r
= %—n = 0.

6= & Tz lsz-e0
= r= 3 w =3
Z -2

Now, r= m




r
= Z = 2, [” }
1-T Z, zZ
_/'E
3 [
- Z = 50 1+0.33e _
,/'7
1-0.33¢ 3
= 7, = 67.97 /-32.67° ° o o
Z, + jZytanPl L
Now, = S Er———— s
o n 0 {ZO + jZ, tanPl %o . = Rn
~ R, + j50tanp/,, o o o
- n = 77 50+ jR, tanpi, z,=2, Im '
Here, Z =7 =67.97 /-32.67°

Going through options,

R,=100QandL, =5cm

satisfy this identity, hence option (b) and (c) are
and R, =25QandL, =20cm

correct.

End of Solution

Q.53 The electric field of a plane electromagnetic wave is
E = aC, cos(ot-Bz) + ayCW cos(wt — Bz + 6) V/m
Which of the following combination(s) will give rise to a left handed elliptically polarized

(LHEP) wave?
(@ C,=10C,=10=mn4 () C,, =2 Cpy=1,0=m2
(© C,=10C,=26=23m2 (d) G, =2 Cy, =10 =3m/4

[2 Marks : MSQ]
Ans. (a, b, d)

Given, E = 4,Cy, cos(ot -Bz)+4,C;, cos(ot - Bz +6)

atz=0
E = Cy coswt &, + Cy, cos(wt +0)a,
Going by options,
Option (a) E = cosota, +cos(ot +m/4)a,
alt=0 0i=0 E=a+La
= , O = s = e ——
Nkt
- 1 .
at t = T/4, ot =n/2, E=0-—=a
N4

= Hence, it is LHEP.




Q.54

Option (b) E = 2coswta, +cos(wt +n/2)a, y
t=0
at t=0 ot =0, E=24, z >
— — T _ _15 14 tT
att= T4, ot=n/2, E=-1a, = T4
= Hence, it is LHEP.
- , t=T4
Option (c) E = cosota, +2cos(wt +31/2)a, ) 1 t}
att =0, wt=0, E=4, .
o A z t=0 !
att=1T/4, ot=mn/2, E=2a,
= Hence, it is RHEP.
Option (d) E - 2coswta, +cos(wt +3n/4)a, y
~ 1 2
att=0 ot=0 E=23, -—=a 1
2 ‘ |
t=Ti4 £=0
E_o 1. 1. SNzt
att=T/4, ot=n/2, E=0-—=48, =—=a
2 2
= Hence, it is LHEP.
Option (a), (b) and (d) are correct.

The following circuit(s) representing a lumped element equivalent of an infinitesimal
section of a transmission line is/are

LAz RAz
o— 0 —WW——7—o
<b
(@) == CAz/2 < Gaz2
<
o 0
LAz RAz
o WO —W——
s L
(b) GAz E: —=CAz
o o
LAz RAz
o VO ——WW °
< <
(c)  Gaz2 EE == CAzl2 GAzI2 EE == CAzI2




RAz/2 LAZI2 LAZzI2 RAz/2

o—MWW—— T — T WW——

— CAz

\AAAJ
I

(d) GAz

AAAA

[2 Marks : MSQ]

Ans. (b, c, d)
End of Solution

Q.55 The value of the integral fjxy dx dy over the region R, given in the figure, is
R

(rounded off to the nearest integer).

[2 Marks : NAT]
Ans. (0)

1 % 2 2-y
_[ Ixydxdy-i—f J‘ xydxdy

y=0 x=-y y=1x=y-2
1 2\ 2 2\27Y
X X
= — d — d
jy[zJ y+fy[2) y
0 —-y 1 y-2
=0+0=0

End of Solution




Q.56 In an extrinsic semiconductor, the hole concentration is given to be 1.5n, where n, is
the intrinsic carrier concentration of 1 x 10'© cm=3. The ratio of electron to hole mobility
for equal hole and electron drift current is given as
(rounded off to two decimal places).

[2 Marks : NAT]

Ans. (2.25)

Given, intrinsic carrier concentration n, = 1 x 10'0 cm3
Hole concentration, p=15xn,
p=15x 10" cm=
Given, electron and hole current are equal
Ip drift = In drift
pPq H, EA=ng u, EA ‘
15 x 1010 Ho=NH, ()
But according to mass action law,
np = nl2
_n _10° o3
15 15
Put in equation (i)
10'°
10, —
1.5 x 10 Hp = 15 X My
o =205
Hp
Q.57 The asymptotic magnitude Bode plot of a minimum phase system is shown in the figure.
. , k(s + z)?
The transfer function of the system is (S)Zﬁ, where k, z, p, a, b and c are
s°(s+p)
positive constants. The value of (a + b + ¢) is
(rounded off to the nearest integer).
—20 dB/decade
|G(w)| in dB
| I \_—40 dB/decade
i i I
o @, AN 09®
[2 Marks : NAT]
Ans. (4)

From the Bode magnitude plot, it is clear that there is one pole at origin,
b=1




and at frequency ,, system has a zero

oo a= 1
and at frequency ,, system have two poles
: c=2

a+b+c=1+1+2
a+b+c=4

Q.58 Letx,(f) = u(t+1.5)—u(t—1.5) andx,(t)is shown in the figure below. For y(t) = x,(f) * x,(1),
the fY(T) dt is . (rounded off to the nearest integer).
X5(1) 5
! 1
-3 -2 -1 0 1 2 t
[2 Marks : NAT]
Ans. (15)

x,(f) = u(t + 1.5) - u(t - 1.5)
x4(t)

1

— x(t)= rect(%)

t

-1.5 1.5

t
x,(f) = rect(gj T 535a(1.50)

Now, x,(t) = &(t+3)+ rect(é) +258(t - 2)

Taking Fourier transform
Xw) = e¥° + 2Sa(o) + 262
WD) = x,(8) * xy(1)
M) = X,(0) - X,(0)

=

[ vioy-e7tat

—oco

We know, Y(w)

[ v®) = v

X,(0)- X,(0)
=3[1+2+2] =15

=
L
I

End of Solution




y
Q.59 Let X(t) be a white Gaussian noise with power spectral density > W/Hz. If X(t) is input

to an LTI system with impulse response e~u(t). The average power of the system output

is W. (Rounded off to two decimal place).
[2 Marks : NAT]
Ans. (0.25)
x(t) ——= SyLs-It—tIam — @0
h(t) = et u(t)
Given: Input PSD
= SX(f) = %W/Hz
We know output PSD,
2
S,(f) = Sx(f)|H(F)|
1
S, = 5| HO
2
Power [y(t)] = j Sy (f)df = j %|H(f) e
] Th2(t)dt=l]fe‘2’dt
27 2 5
- Il T oosw
2 2 4
Q.60 A transparent dielectric coating is applied to glass (e, = 4, y, = 1) to eliminate the
reflection of red light (A, = 0.75 um). The minimum thickness of the dielectric coating,
in um, that can be used is (rounded off to two decimal places).
[2 Marks : NAT]
Ans. (0.133)

For no reflection, impedance must be matched.
Hence, n, acts like a quarter wave impedance transformer.
N2 €,

7

air

Glass, n4 1
3

So,




(i) Forimpedance matching,

d= (2n+ 1)%; n=012..

Ao _ Mo
}\’: \/g \’el’z

0.75%107° "

H - ——— — =0.53%x10
ere, A NG
Hence, for minimum distance, n = 0
-6

So, d= %:M:owssum

End of Solution

Q.61

Ans.

In a semiconductor device, the Fermi-energy level is 0.35 eV above the valence band
energy. The effective density of states in the valence band at T=300 K is 1x 10'9¢cm™3.
The thermal equilibrium hole concentration in silicon at 400 K is x 108 cm3.
(rounded off to two decimal places).

Given kT at 300 K is 0.026 eV.
[2 Marks : NAT]

(63.36)
Given, E-- E,=035¢eV [Considering it is given at 400 K]
Also, VI, = KT, = 0.026 eV at T, = 300 K
T T,
—_— = a 1 V =—2XV
Vi, T, CO
400
Vi = ——x0.026
2= 300
Vi, = 0.03466 eV at T, = 400 K
Now, N,=1x10"%cm?3 at T, = 300 K
N, o T32
3/2
N, [Tz
Ny, I
T 3/2
N, = [%J NV, (+ T, = 400 K)
3/2
4007
300 !
Ny, = 15396 x 10'9/cm3

Now, hole concentration at 400 K is given as
p=N e,(/;ng\/)/kT2 = 1 5396)(1019 Xe—O.35eV/O.03466eV
L .

p =63.36 x 10" cm=

End of Solution




Q.62 A sample and hold circuit is implemented using a resistive switch and a capacitor with
atime constant of 1 ps. The time for sampling switch to stay closed to charge a capacitor
adequately to a full scale voltage of 1 V with 12-bit accuracy is us.

(rounded off to two decimal places)
[2 Marks : NAT]

Ans. (8.3177)
Given: Time constant(t) of 1 psec.
Full scale voltage = 1V

A

Ve! :

The voltage across capacitor is given as

V(1) = V(1 - e tF)
. V(1) = (1 — et/ Hsee) ()
To calculate the voltage to stay closed to charge capacitor adequately to a full scale

voltage with 12-bit accuracy is given by

WF%PJ}

1|
O

on
n = Number of bit = 12
1 ..
V(1) = [1—m} -.(ii)

Comparing equations (i) and (i), we get,
1

—t/1usec -
e 4096

1usec 4096
t=8.3177 usec

End of Solution

Q.63 Ina given sequential circuit, initial states are Q, = 1 and Q, = 0. For a clock frequency
of 1 MHz, the frequency of signal Q, in kHz, is

(rounded off to the nearest integer).

o e

D D
Flip flop Flip flop
NG N

CLK =1 MHz
[2 Marks : NAT]




End of Solution

[2 Marks : NAT]

Ans. (250)
Ck |D;=Q,| D,=Q,| Q; | Q
Initial 1] 04
1 0 0 0| 0
2 0 1 0| 1
3 1 1 1 1
4 1 0 1] 0
Therefore, the given counter is having MOD-4
f. 1000
-~ The frequency of signal Q, = j = TkHz =250 kHz
Q.64 In the circuit below, the voltage V, is V.
(rounded off to two decimal places)
Voo
\ T
w
=10
7 /J\ L w_
T=1 =7
W _
1 mA I- 10
1kQ
=
Ans. (2)
I I, I,
w
-+=10
w_, = [l
| [
Vi
1 mA ‘) ﬂ= 10 [\EI |
= fs 7

.|||_




W
We know, I =< (—)

L
I, =1 mA

10
IZ:Tx1=1OmA
13:1OmA
I, =7 mA
I; =5 mA
Iy=1,-1Ig=7-5=2mA

End of Solution

Q.65 The frequency of occurrence of 8 symbols (a-h) is shown in the table below. A symbol
is chosen and it is determined by asking a series of “yes/no” questions which are
assumed to be truthfully answered. The average number of questions when asked in
the most efficient sequence, to determine the chosen symbol, is

(rounded off to two decimal places).

Symbols alblc|d|el|f| g| h
Frequency of occurrence AL LI L L L L D
2148|1632 |64 128|128

[2 Marks : NAT]

Ans. (1.984)
The average number of questions when asked in the most efficient sequence, to
determine the chosen symbol = min possible number of questions per symbol (H)

H = ZPx(X/) log,

Px(xi)
= lIo 2+llo 4+llo 8+ilo 16+llo 32+llo 64+2xilo 128
=5 9o 7 9o P 9o 16 9o 32 9o 64 9o 108 9

Questions

= 1.984
o8 Symbol

End of Solution






