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Technical Section

Question 1 Control System (1M)
The block diagram of a feedback control system is shown in the figure,

Y
The transfer function ((S)) of the system is
S
(A) G +G,+GGH (B) G +G,
1+GH 1+GH+GH
©) G +G, D) G +G,+GGH
1+GH 1+GH+GH
Ans. C
Sol.  Given block diagram is as shown below,
G,
+ + ¥+
X(s) G, > X(s)
H
The signal flow graph is shown below,
G2
G, 1 1
X () o—> \:/ — »—o
-H
Number of forward paths and its associate path factor is,

=G  A=1
P=G, A =1
Number of individual loops,
L =-GH
Determinant of SFG is,
A=1-(L)=1-(-GH)=1+GH

From the Mason’s gain formula the transfer function of this system can be given as

Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 www.gateacademy.co.in

© Copyright
Branch Office : Raipur (¥ : 79743-90037, Bhopal Y : 89591-87052 www. Ejacebook.com/gateacademy




8 GATE .2021 [Afterpoqn Sess19n] : ‘\w‘ GATE ACAD EMY
2 Electronics & Communication Engineering otepie ts duceess.
Y(s) _ RA +PA,
X(s) A
Y(s) G +G,
X(s) 1+GH
Hence, the correct option is (C).
Question 2 Network Theory (2M)
In the circuit shown in figure, the switch is closed at time # =0, while the capacitor is initially charged to
-5V [ie. V. (0)=-5V]
250 Q =
Av‘v‘v‘ %t 0
n —
<4 +
svc-_-) <l v, 1500 2250Q V. ()FR0.6 uF
The time after which the voltage across the capacitor becomes zero is (Round off to 3 decimal places)
ms.
Ans. 0.1386
Sol.  Given, initial value of voltage across capacitor
Vo(07)==5V
When switch is closed and circuit is in steady state (i.e. =co, and capacitor becomes open circuit) So
circuit becomes as,
250 Q V() Ve()
0—o
+ VR =
O+
5V (+
(_) <l v, 1500 250 Q . 1/6 ()
(Circuit at steady state i.e. £ =o0)
Apply KCL at node V. (e°) is,
V(o) Vo(eo0)=5 V,
+ + =0 Ve =Vo(oo
250 250 500 CVa=Vel=))
V(o) 4 Ve(2)=5 + 5=V () —
250 250 500
2V (0)+ 2V (0) =104+ 5=V (e0) =0
3V (e0)=5
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5 .
Vi(eo)= 3 V — Steady state voltage of capacitor
Now, for calculating time constant (T), first we calculate R, as shown below,
250 Q 1v N 1v I
T o 4
I <l V. 1500 250 © A
1
|Rth = 7
Apply KCL at node N,
1 1 0 Ve
250 250 500
1 1 -1
= + +
250 250 500
_3
500
1 500,
I 3
Thus, time constant, T=R, A xC
T= @x 0.6x107°
3
T=500%0.2x10"° = 0.1 msec
Apply transient equation for voltage across capacitor is,
Ve (= Ve (00) + [Vc 0)— Ve (w)]e_ma t20
3 5
V.(t)==+|=-5-=e""
=3 [ 3}
V(1) = 5—@ % )
3
If V.(t) =0, then equations (i) becomes as,
O — é_&e—t/‘r
3 3
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—t
—In(e) =1n(0.25)
T
t =—71In(0.25)
t =—0.1In(0.25) =0.1386 msec
Hence, the correct answer of 7 is 0.1386 msec.
Question 3 Analog Electronics (1M)
Consider the circuit with an ideal Op-Amp shown in figure,
RF
+Vee
R
O ‘
VREF + out
I i VCC

Assuming |VIN| << |VCC| and |VREF| << |VCC|. The condition at which V,

(A) Viv =Vier (B) Viy = O'SVREF © Viv = 2VREF
Ans. A

Sol.  Given circuit is shown below,

|VCC| and |VREF| << |VCC|

According to question,

IN

equal to zero is

(D) V/N =2+ VREF

Here, Op-Amp is ideal and -ve feedback is present so virtual ground concept is applicable.

So, V.=V_=0
Thus applying KCL at node N,
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R
Vou = ?F[VRE _VIN]
According to question, V, =0
R
0=—"L17, v,
_R [ REF IN]
Veer =Viy =0
Vier =Viy

Hence, the correct answer is option (A).
Question 4 Analog Electronics (2M)
A circuit with an ideal OPAMP is shown in the figure. A pulse ¥, of 20 ms duration is applied to the

input. The capacitors are initially uncharged.

10 k
5V 1 pF +12V
IL
A
1Y Viwo—r -
s s I¢ il
t=0 t=20 ms 1 uF +
-12V
The output voltage V,, of this circuit at #=0" (in integer) is V.
Ans. =12
Sol.  The given circuit is shown below,
Both capacitor is in parallel form
Lons
lp‘F VVVV
SV K e =+12V
ov— | Vi o——f 1=
' ' L 7,
: : . n B p
t=0 t=20ms R S V,=-12V

Above figure can be redrawn as

Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 www.gateacademy.co.in
Branch Office : Raipur (¥ : 79743-90037, Bhopal Y : 89591-87052 www. Ejacebook.com/gateacademy

© Copyright




X8 GATE 2021 [Afternoon Session] ‘\w‘ GATE ncnnEMY

6 Electronics & Communication Engineering otepie ts duceess.
Lo
2uF +, =+I12V
oot >
—o V..,
+
= =12V
According to transient theory, at £ =0", capacitor will be short circuit, so above circuit becomes as,
LR
H, =+12V
SC. V.
[, *—0 A
V=35V —o 7V,
i
= Ja=-12V
From above circuit it is clear that,
V=V,=+5V
V. =0V
Here, V.2V,

It means, voltage at both terminals of op-amp are unequal and fixed so virtual ground concept is not valid
here and op-amp work as a comparator.

Thus, V>V,
So, V. =-F

out sat

out =_12V

Hence, the output voltage ¥, of this circuit at #=0"is -12V.

Question 5 Analog Electronics (1M)
For the circuit with an ideal Op-Amp shown in the figure. V. is fixed.
RF
R, +12V
v, %V
'A'A'A'A +
R -2V 3
= Y, % r3 3R =1000

© Copyright Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 ~www.gateacademy.co.in
Branch Office : Raipur (3 : 79743-90037, Bhopal (3 : 89591-87052 www. Ejacebook.com/gateacademy




GATE 2021 [Afternoon Session]

, N (& GATEACADEMY
7 Electronics & Communication Engineering otepie ta duccess.
If V,=1volt, for ¥, =0.1 volt and V,, =6 volt, for ¥, =1 volt. Where V,, is measured across R,
. R, .
load connected at the output of this Op-Amp, the value of R—F is
(A) 3.285 (B) 2.860 (C) 3.825 (D) 5.555
Ans. - 5.55 (According to IIT Bombay option D is correct)
Sol.  The given circuit is shown below,
RF
R +2V
I/,'n =, ‘v‘v:vn‘v v — —
- ——oV ,
- +
-12V
Vig R
Given :
i V,=1V whenV, =01V
@) V,=6V when V, =1V
By voltage divider rule, voltage at non-inverting terminal can be found as
R 0A
+
Ve V.3R
Thus, V, = [ V.
R+R
v =Q
)
Here virtual ground concept is applicable because —ve feedback is present and op-amp is ideal so due to
virtual ground concept,
V
V.=V, —_
2
Applying KCL at V_,
I/— — Vm V V:mt — O
Rin RF
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V’”Cif _ Vref -V
in out
2 42 -0
Rin RF
vell1 1] v, ¥
4 |——in = out
2 _Rin RF Rin RF
V;’ef _Rin + RF I/m — Vout
2 L Rin RF Rin RF
-
_re 1+R_F _[ B V.=V ...()
2 L Rin Rin
Condition 1:If V,, =1V when V,, =0.1 V then equation (i) becomes as
Vol R, R g
ref F F
—| 1+ |-(0.1)] =+ [=1 ...
2| %, ( )(ij (i)
Condition 2 : If V/,, =6 V when V, =1V then equation (ii) becomes as
V[ R, ]| R
ref F F
—|1+—|-1)| — [=6 ...(m
2|7, | ()[ij (iif)
Vir || R : A W .
Assume 5 1+ R—F = x , then subtracting equation (iii) from (ii) then,
x—O.lﬁ — x—lR—F =1-6
Rin Rin
098 __5
R
5 -5.55
R, 0.9
Note : As per the given data of question we get negative answer so none of the option is matched.
Question 6 Electronic Devices (1M)

The energy band diagram of a p-type semiconductor bar of length L under equilibrium condition (i.e. the
Fermi energy levels £, is constant) is shown in the figure. The valance band £, is sloped since doping

is non-uniform along the bar. The difference between the energy levels of the valance band at the two

edges of the bar is A.
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p-type
----------------------------------- E,
Z=0 Z=L

If the charge of an electron is ¢ then the magnitude of the electric field developed inside this semiconductor
bar is
(A) A (B) 28 ©) A (D) o2

qL qL 2qL 2qL

Ans. A

Sol.  From questions it is clear that, change in energy level / difference in energy level of £. and £, is A.

g 4V
dx

E.=—qV

E=+ldEC ... (1)
q dx

dE. — Change in energy level =A
dx — Length of bar =L

Hence, equation (i) becomes as

Hence, the correct option is (A).

Question 7 Electronic Devices (1M)

A bar of silicon is doped with boron concentration of 10'® cm™ and assumed to be fully ionized. It is
exposed to light such that electron-hole pairs are generated throughout the volume of the bar at the rate of
10?° cm™ s°L. If the recombination lifetime is 100 us and intrinsic carrier concentration of silicon is 10'°
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cm and assuming 100% ionization of boron, then the approximate product of steady-state electron and
hole concentration due to this light exposure is

(A) 10*°cm™® (B) 2x10%cm™ (C) 10%cm™ (D) 2x10%cm™
Ans. D
Sol. Given:

Boron concentration N, =10"°cm™

So, N,=p, =10cm”

Generation Rate G, =10"cm’s”

Recombination life time 1, =100 wsec

Intrinsic carrier concentration n, =10 cm™

Using mass action law under thermal equilibrium
n? n? a 0'° )2

1 — 1

n =—=——=——=

P P, N, 10"

,, =10°cm™ — under no light exposed.

So minority carrier concentration n, when light is not exposed is 10* cm?

When light exposed,
Light exposed

Silicon Bar

So after exposing light, excess carrier concentration is

An=Ap
So, generation rate G, is
G, =2

Ap =G, x1,=10" x100psec
Ap=10"cm™
An=10"cm™

So after exposing light, under equilibrium,
1. Electrons concentration :

n, +An =(10*+10")em™ =10"cm™

2. Hole concentration :
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P, +tA,= (10" +10"°)em™ = 2x10"cm™

Thus, product of hole concentration and electron concentration after exposing the light is
(n, +A,)(p, +A,)=10°x2x10" =2x10*cm™

Hence, the correct option is (D).
Question 8 Electronic Devices (2M)

A silicon P-N junction is shown in the figure. The doping in the P region is 5x10'°cm™ and doping in the

N region is 10x10"° cm™ . The parameters given are
Built in voltage (¢,,)=0.8 V

Electron charge (¢)=1.6x10"C
Vacuum permittivity (€,) =8.85x10™" F/m

Relative permittivity of silicon (€,) =12

fe— 1.2 pm —ple— 0.2 pm —

The magnitude of reverse bias voltage that would completely deplete one of the two regions (P or N) prior
to the other (rounded off to one decimal place) is A%

Ans. 107.67
Sol. Given:

Doping in P-region N, =5x10'°cm”
Doping in N-region N, =10" cm™

Built in voltage (¢,,)=0.8 V

Electron charge (¢)=1.6x10""C

Vacuum permittivity (g,) =8.85x107"* F/m
Relative permittivity of silicon (g,) =12

Given p-n junction is shown below,

N, =5x10"/cm’ |, N, =10"/em’

X X
P n
le— 1.2 pm —pfe— 02 pm —|

So width of depletion region, W =X, + X,

From charge equality concept,
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X,N,=X,N,

X,N,=(W-X,)N,
X (N,+N,)=W.N,

_ WN, _ Wx5x10°
" N,+N, (5x10")+(10x10')

_Wx(5x10') W

" 15%10'° 3

So, X, =W-X, =W—Z
3
2
Xp = g W
Suppose when N-is depleted completely, during reverse bias so,
X,=0.2um

W=3X =0.6um

X =g><W=£=0.4 um
3 3

p
i.e. when N is depleted completely (i.e. 0.2 um ) then and only then P side is depleted only by 0.4 um
only. Thus
X,=0.2 pum 4
— (N region depleted completely)
W =0.6 um

So, total depletion width () under reverse bias 1is,

- 2£(VO+VR)(L+LJ
q N, N,

-y 2e(V+V)( N 1)

q N, N
- 2><12><8.85><10‘14( 1 b )
0.6x107°x100)*> = + V.4V,
( ) 1.6x107" 5%10"°  10x10'" o+ 72)

(0.6x107*)* =3.9825x107'° (¥, + V)
v, +V, =9.0395

V,=9.0395-7,

v, =9.0395-0.8
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V,=8.2395 V=824V

Thus, the magnitude of reverse bias voltage that would completely deplete N region is 8.24 V.

Hence, the correct answer for V, is 8.24 V.

Question 9 Control Systems (2M)
The electrical system shown in figure, converts input source current i () to output voltage V,(¢).
i, (1)
—
— T —
t o7, (1)
10 A ‘
0@ VOTRIE 310

1

Current i, (¢) in the inductor and voltage V.(¢) across the capacitor are taken as the state variables, both
assumed to be initially equal to zero i.e. i,(0) =0 and V.(0)=0. The system is

(A) Completely state controllable as well as completely observable.
(B) Completely state controllable but not observable.
(C) Completely state observable but not state controllable.
(D) Neither state controllable nor observable.
Ans. D
Sol. Given circuit is shown below,

i [T ] 0N o)

Assume, i, (1)=x — First state variable
V.()=x, — Second state variable
i(H)=u - Input of system

and V@) =y - Output of system

Apply KCL at node N,
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z(t)—iV (t)+V1(t)
u=—21x +x

dt 2 2
U=Xx,+x,
X, =—Xx,+u

KVL in the loop between inductor and resistor,
i()— lL(t)_ lL(t)
d

u—Xx :Exl

Uu—Xx, =X
X, ==X +u
Output, Vo@)=V.(t)

Yy=x,

From equation (i), (ii) and (iii), state variable modal can be written as,

H I
o

Thus matrices A, B, and C are,

7= ) P N
o4y

Condition of controllability,

[O:1=[B 48]
1

Gcl=1, |

0c|=-1+1=0

Thus, system is uncontrollable.

...

...(ii)

...(1i1)
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T = -1 010 _ 0
0 -—1j1 -1
Condition of observability,

[QO]:[CT ATCT:I

fo o
0=,

|Q0| =0
Thus, system is un-observable.
So, the system is neither controllable nor observable.
Hence, the correct option is (D).
Question 10 Electromagnetic Theory (2M)

An antenna with a directive gain of 6 dB is radiating a total power of 16 kW. The amplitude of electric
field in free space at a distance of 8 km from the antenna in the direction of 6 dB gain is (Round off to 3
decimal places) V/m.

Ans. 0.2443
Sol.  Given : Directive gain G,(6, ¢) =6 dB
Radiation power P_, =16kW
Distance » =8km
Directive gain G,(dB)=6=10logG,
G,=10""=3.981
So maximum electric field amplitude in free space at distance » from antenna is,

B [demd}_120n><3.981><16><1o3

T2V /m

27
Hence, the correct answer for |E,|  is 0.2443V/m.
Question 11 Electromagnetic Theory (2M)

For a vector field D =pcos’ ¢4, +2z”sin’ 94, in a cylindrical coordinate system (p,$,z) with unit vector

g\p,éq, and ?:lz, the net flux of D leaving the closed surface of the cylinder (p=3,0<z<2)(Round off to
2 decimal places) is
Ans. 56.548

. . _’_ 2 A 2 .2 A
Sol. Given: D=pcos”¢a, +z"sin" 0a,

Cylinder (p=3,0<z<2) is shown below,
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From this given cylinder,

p=3m,z=0to2m, 0=0 70 27

Shaded portion shows closed surface of cylinder and unit vector that is perpendicular this surface is ép

thus, net flux () leaving the closed surface of cylinder is

v=[Dds= 2] j (pcos’ ¢ &, +z"sin> ¢ 4,)-(pdddz &)

0=0 z=0

2n 2
W: J. .[ pz Cosz(I)d(])dZ (‘-' (;p.(;p =1 and (;p./c\lq) :O)

=0 z=0 A

y=3 ><(2—0)><27n =18n C
Y =18m=56.548 C
Hence, total flux Y living closed surface of the given cylinder as 56.548 C.

Question 12 Electromagnetic Theory (1M)

The vector function F(r) = —xi + y; is defined over a circular are C shown in the figure,

A
it

v

The line integral of IF(r)-dr is
C

(A) 1/2 (B) 1/4 (©) 1/6 (D) 1/3
Ans. A

Sol. Given: F(r)= —xf+y}'
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So, jF(r)dr = j(—xf+yj).(dx T+dy )
C C

j F(r)dr = j (—x.dx+ y.dy)

A

> ~

Electronics & Communication Engineering
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 (0=90")
c
45°
1
<T’I

Assume, x=rcos0, y=rsin0
r=1
x=cos0 and y=sin0O
Here, 0, Variation from 0 to 45°.
Put x=cos6, y=sin®
dx=—sin0d6
dy=cos0d06

Thus equation (i) becomes as
/4

_[F(r) dr = I —cosO(—sin 6 d0) + sin O(cos Od0)

6=0
/4

_[F(r) dr = I (cosBsinB+sinBcos0)dO
(C’ 0=0

[F(ryar = T 5in 2046 = [
C

0=0

—cos 29}”4
0

-1 T o
lF(r) dr = ?[cosg—cos 0} = ?(—1)

1
F(r)dr = —
Jrodr=

Hence, the correct option is (A).
Question 13

~o
~.
Il
~o
~o
Il
[U—
SN—

Electromagnetic Theory (1M)
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Consider the vector field F=4_(4y—c,z)+ a (4x+2z)+a,(2y+z) in a rectangular coordinate system
(%,,z) with unit vectors a,,a,a,. If the field F is irrotational (conservative), then the constant ¢, (in
integer) is

Ans. O

Sol. Given: F=a (4y—cz)+a (4x+22)+4,(2y+2)

Here, F. =4y —c,z, Fy =4x-2z, F, =2y+z,

For a vector field to be irrotational its curl must be zero,

ie. VXF =0
a, a, a
9 9 9,
ox dy oz
a, a, a,
d 0 d

- — — |=0
ox dy oz
4y—cz 4x+2z 2y+z
a[2-2]-a[0+c]+a[4-4]=0

0a, —cléy +0a, =0
—¢a, =0
It shows a L E 0 because it is unit vector.
Thus, ¢, =0 then the above equation will be satisfied.

Hence, the correct answer is zero.
Question 14 Electromagnetic Theory (1M)

The refractive indices of the core and cladding of an optical fiber are 1.50 and 1.48 respectively. The
critical propagation angle, which is defined as the maximum angle that the light beam makes with the axis
of the optical fiber to achieve the total internal reflection (round off to two decimal places) is

degree.
Ans. 9.32

Sol. Given:
Refractive index of core n, =1.50

Refractive index of cladding n, =1.48
According to the definition of critical propagation angle given in statement of question, 0,, which is made
with optical fiber axis and leads total internal reflection (TIR) in optical fiber cable, so we can calculate

0, as,
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@ : Cladding (n,)
Incident : .
ray Cladding (n,)
Here, 6, = Acceptance angle
0. = Critical angle
0, =Critical propagation angle
2
cosO, = ,[1- {&}
nl
Where, n, =refractive index of core = 1.5
n, = refractive index of cladding = 1.48
2
cosO,.=,/1- 148
1.50
0. =cos '[0.1627]
0. =80.636"
Cladding (,)
Core () Fiber
o Ul T T T Ty TN T T axis
Cladding (n,)
So, from triangle 4BC,
8, =90 -6, =90° —(80.636")
0, =9.36" Ans.

Hence, the value of critical propagation angle that leads total internal reflection in optical fiber is 9.36°
Question 15 Electromagnetic Theory (1M)
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Consider a rectangular coordinate system (x, y,z) with unit vector a,,a, and a,. A plane wave travelling
in the region z >0 with electric field vector E =10cos(2x10° +Bz) a, is incident normally on the plane
at z=0, where B is the phase constant. The region z>0 is in free space and the region z <0 is filled
with a lossless medium (permittivity € =¢€, permeability w=4,, where €, =8.85x10""F/m and

W, =4mx107 H/m). The value of reflection coefficient is

1 3 2 2
A) — B) = C) = D) =
(A) 3 (B) S © s (D)
Ans. A
Sol.  Given : Medium 1 (z>0)
(i) Medium 1 is free space.
(i) W, =W, €
(iii) E, =10cos (2x10°¢ +Bz)a,
(iv) @=2x10° rad/sec, (E,) =10 V/m
u
v) m= —
1
Medium 2 (z <0)
(1) Medium 2 is lossless
(i1) W, =4, &, =¢,
(iii) m, = [ =2
82
«— NN EM Wave
Medium 2 Medium 1
z<0 z20
L > Z
— N EM Wave
z=0
Reflection coefficient (I') = =y
n,+m,
\/E \/7
Since, €, =€,
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;

e

N
Nz
V4=
\/_ +\/— 3
Hence, the correct option is (A).

Question 16 Electromagnetic Theory (1M)
The impedance matching network shown in the figure is to match a lossless line having characteristic

O

ﬁ

S

impedance Z, =50 Q with a load impedance Z, . A quarter-wave line having a characteristic impedance
Z, =75 Q is connected to Z, . Two stubs having characteristic impedance of 75 €2 each are connected

to this quarter-wave line. One is a short-circuited (S.C.) stub of length 0.25 A connected across PS and the
other one is an open-circuited (O.C.) stub of length 0.5A connected across QR.
0.25\

|
~
(9]
AAAA
VVVY
N

The impedance matching is achieved when the real part of Z, is

(A) 1125 Q (B) 75.0Q (B) 50.0 Q (D) 33.3Q
Ans. A
Sol. Given:

Lossless line characteristic impedance Z;, =50Q

Open circuit stub characteristic impedance (Z,) =75Q
Short circuit stub characteristic impedance (Z,) =75Q
Method 1 :

The given arrangement of transmission line is shown below,

Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 www.gateacademy.co.in

© Copyright
Branch Office : Raipur (¥ : 79743-90037, Bhopal Y : 89591-87052 www. Ejacebook.com/gateacademy




PAGE
22

GATE 2021 [Afternoon Session]

Electronics & Communication Engineering

A GATEACADEMY

eps to duccedd. .

Main transmission 0.25\

line P |«

AAAA
VVVY
N

Here’ (ZL )Line—l = (ZL )ac =
(ZL )Line—3 = (ZL )sc = 0

Input Impedance of % long line-1,

I8 N
Z, [l = —} =(Z,),,., =° — open circuit
Line-1

Thus total impedance at terminal QR is,

ZQR = ZL || (Zi" )Line—l 0 ZL || — ZL
Now arrangement of Transmission Line becomes as,
Main transmission 0.25\
line Ple :
Z,=75Q
Line-2

B ] 2 2
P s
L 4 -Line-2 ZL ZL
Input Impedance of Line 3 is,
B 7 2 2
Zin l = & = ZO = 75 =00
L 4 Line-3 ( ZL ) Line—3 0

Thus total impedance at terminal PS is,

ZPS = (Zi” )Line—2 || (Z’

in )Line—3
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Now Transmission Line arrangement becomes as-

Main transmission line
o

>
Z,=50 Q $Zn="

o

Hence Z,; work as load for main Transmission line.

For matching of main Transmission line with load (Z,),

Ly=2,

75 2

D _50m 7, = —11250
Z, 50

Hence, the correct option is (A)

Method 2 :
From given arrangement, it is clear that,

=] ey
2 Line—1 e
4 Line-3 ( 0

So, input impedance of both line-1 and line-3 are o= (i.e. open circuit) so it does not make any effect on
main transmission line, so given transmission line configuration becomes as,

ZL )Line—3

Main transmission
.2
line P H% 0
s
Z,=50Q . Z,=75Q 3%
S R
o 2 ”
Z (PS)
Thus Input Impedance at terminal PS is,
z 5
(Zin )PS = Z_O = Z Q
L L

So (Z,,),, work as load for main transmission line so arrangement of transmission line becomes as,
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Main transmission line P

©
ZO = 50 Q §E (Zm )ps = ]_Oad
o
S
Hence (Z,), . work as load for main Transmission line so the condition, for matching the main
Transmission line with load (Z,, ), is
(Zin )PS = ZO
75°
—=50
ZL
2
Z = 7> 112.5Q
50
Hence, the correct option is (A)
Question 17 Network Theory (1M)
Consider the circuit shown in figure.
3Q 2Q T SA
7Q
P
=/ o
6Q 2Q

The current / flowing through the 7€ resistor between P and Q (Round off to 1 decimal places) is

Ans. 0.5
Sol. Given circuit is shown below,

A

DEE
7Q
P AN 0
6Q 2Q
A

Re-arrange the above circuit as shown below,
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Parallel form of Z-Q
3H6ZQ U Parallel form of
30 y 0 1 2l2=1Q
P VAVAVAVA VAVAVAVA : Q
6Q 2Q
IRAMME: PR
7Q
Now above circuit reduces as,

S5A
@
A\
1

P VA'AV"A V‘V‘V‘V‘

P 0
Q
Above circuit can be re-arranged as,
A

AAAA.
A AAA4
—_—

N0,

AAAA
A\AAAL

0
Apply current divider rule
= X1 _2 0.5A
1+9 10

Hence, the correct answer is 0.5 A.
Question 18

The complete Nyquist plot of the open loop transfer function G(s)H (s) of a feedback control system

shown in figure,

Control Systems (1M)
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A Jlm GH

Q,
>

If G(s)H(s) has one zero in right half of the s-plane, the number of poles that, the closed loop system

G(s)H(s) - plane

» Re GH

will have in right half of s-plane is
(A) 0 (B) 1 ©) 4 (D) 3
D (According to IIT Bombay Answer is D)

Given Nyquist plot of G(s)H(s) is shown below
A jImGH

G(s)H(s) - plane

@ » Re GH
Q (_15 ]0)

AN

Casel:
Here, G(s)H(s) has one zero in the right half of s-plane i.e. Z =1.
According to principle of argument
N = P—Z (Anti clockwise direction) ...(1)
Where,
N = Number of encirclements of Nyquist plot of G(s)H(s) about origin in anti-clockwise direction
P =Number of poles of G(s)H(s) in right half of s-plane.
Z = Number of zeros of G(s)H(s) in right half of s-plane.
Here, N =-2 (anti clockwise direction)
Z=1
From equation (i)
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-2=P-1
P=-1 ...(i1)
So, poles cannot be negative in numbers so no more further discussion on this.
Case 2 : If we assume Nyquist contour in anti clockwise direction then according to principle of argument
N =P—Z (Clockwise direction) ...(111)
Where,
N = Number of encirclements of Nyquist plot of G(s)H(s) about origin in clockwise direction
P = Number of poles of G(s)H(s) in right half of s-plane.
Z = Number of zeros of G(s)H(s) in right half of s-plane.
Here, N =2 (Clockwise direction)
Z=1
From equation (iii)
2=P-1
P=3 ...(1v)
According to Nyquist stability criteria
N = P—Z (Anti clockwise direction) ...(v)
Where, N = Number of encirclements about (—1+ 0 /) in clockwise direction
Z = Number of closed loop poles in right half of s-plane.
P =Number of open loop poles or poles of G(s)H(s) in right half of s-plane.
From given Nyquist plot number of encirclements about (-1+0)) is
N=1-1=0
Using equation (v)
0=P-Z
Z=P
Z=3
So here number of poles in right half of s-plane is 3.
Hence, the correct option is (D).

Question 19 Digital Electronics (1M)
An 8-bit unipolar (all analog output values are positive) digital-to-analog converter (DAC) has a full-scale
voltage range from 0 V to 7.68 V. If the digital input code is 10010110 (the leftmost bit is MSB), then the
analog output voltage of the DAC (rounded off to one decimal place) is V.

Ans. 4.51

Sol.  Given : Number of bits, n =8,

Full scale voltage, V,; =7.68

Digital input = (10010110), —=%_5(150),,

8bit | —»
input ’ DAC — Output

Thus, analog output from 8 bit unipolar DAC is,
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= (Resolution) x (Decimal equivalent of digital input)
= ( Vs jxlSO = (27 681}(150 4.517Volt

Hence, the analog output voltage of the 8 bit unipolar DAC is 4.517 Volt

Question 20 Digital Electronics (2M)
The propagation delays of the XOR gate, AND gate and multiplexer (MUX) in the circuit shown in the
figure are 4 ns, 2 ns and 1 ns, respectively.

P _j 5

Q—:) MUX p—7v
i —o

1
MUX ) Sy

R
}71
§ — %

T
If all the inputs P, Q, R, S and T are applied simultaneously and held constant, the maximum propagation
delay of the circuit is
(A) 3ns (B) 5ns (C) 6ns (D) 7ns
Ans. C
Sol. Given:
Delay of XOR gate = 4ns

Delay of AND gate =2ns

Delay of MUX =1ns

Casel:

Assuming 7' =0 then selection line of MUX S, =0, so that MUX input ‘0’ get enable so path followed

Out

by signal in the given circuit is shown by dotted lines as,

0 — 2x1 Y
:)Dio )
MUX
2x1 }1 s,

)

T=0
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So total propagation delay T, from input to output is,

= (Propagation delay of AND gate)+ (Propagation delay of MUX-2)
T, =2ns+1ns =3ns
Hence MUX input '0" get enable then propagation delay of given circuit T, =3ns

Case 2 :
Assuming 7 =1 then selection line of MUX is S, =1, so that MUX input ‘1’ get enable so path

followed by signal in the given circuit is shown by dotted lines as,

P -
b/ y
MUX
0— 2x1 y
0 )
2x1 s,
@ T
R -
S :}T So
Case 2
T=1

So total propagation delay T, from input to output is,

= (Propagation delay of AND gate)+ ( Propagation delay of MUX-1)+
( Propagation delay of AND gate )+ (Propagation delay of MUX-2)
T, =2ns+1ns+2ns +1ns = 6ns

Hence MUX input '1' get enable then propagation delay of given circuit t, = 6ns

Hence maximum delay of circuit is MAX (1,7, ) = MAX(3ns,6ns) = 6ns
Hence, the correct option is (C).
Question 21 Digital Electronics (2M)

The propagation delay of the exclusive-OR (XOR) gate in the circuit is 3 ns. The propagation delay of all
the flip-flops is assumed to be zero. The clock (Clk) frequency provided to the circuit is 500 MHz.
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QZ Ql
| .

D_) Dz Qz Dl Ql

CLK
Starting from the initial value of the flip-flop outputs Q,, Q,, O,= 111 with D, =1, the minimum number

of triggering clock edges after which the flip-flop outputs Q,, Q,, O, becomes 100 (in integer) is
Ans. 5
Sol.

Given:
Delay of XOR gate 1, =3ns

Initially Q,0,0, =111
Initially D, =1
Frequency of clock f=500MHz

Time period of clock T, , = . me 2ms.
S 500
o, o
D2 QZ l)l Ql DO QO Q)
FF, FF, FF,
T, =3ns
> >

CLK

The numbers of clock’s to get O,0,0, =100 is shown below,
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Ons Ins 2ns 3ns 4ns 5ns 6ns 7ns 8ns  9ns 10ns

CLK
' 5 ' 5 y N y N S S
— To =

D, o

0, 1 1 1 0 0 1

0, TR T [ W o 0

0, 1

® ® 0 ® ©

The minimum number of triggering clock edges after which the flip-flop output O, O, O, becomes 100 is

5.

Question 22 Network Theory (2M)
The switch in the circuit in the figure is in position P for a long time and then moved to position Q at time
t=0.

5kQ  p o, _

VAVAVAVA t 0 5 kQ

Q
< 10 kQ
+ S +
0@ 3wk V(1) =1 mF
0.1 mH
d L.

The value of EVU) at 1=0" 1is,
(A) 0 V/sec (B) 3 V/sec (C) —3 V/sec (D) —5 V/sec

Ans. C

Sol. Given circuit is shown below,

5kQ P,
VAVAVAVA .\ : 5 kQ
0
10kQ
S +
20v(® 3 20kQ V() = 1 mF
N 0.1 mH

(i) At =0 /t<0/steady state:

Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 www.gateacademy.co.in
Branch Office : Raipur (¥ : 79743-90037, Bhopal Y : 89591-87052 www. Ejacebook.com/gateacademy

© Copyright




PAGE
32

GATE 2021 [Afternoon Session] ‘\w‘ GATE AcnnEMY

Electronics & Communication Engineering [ otepie ts duceess.

Switch is at position P, inductor behaves as short circuit and capacitor behaves as open circuit. So
circuit becomes as,

- FRShASES RSN N -
wv(® $ 200 V)=V
+ MR TR
RPN P PR Y8 -

Apply KVL in loop shown by dotted line,
20-5%i,(07)=5%i,(07)-10x7,(07) =0

20
i, (0 )_5+5+10

i,(07)=1mA
So voltage V.(07) is
V.(07)=10xi,(07)
V.(07)=10x1
V.(07)=10V
Thus current and voltage across inductor and capacitor at 1 =0" is,
i,(07)=4,(0")=1mA
Ve(0)=V.(0")=10V
(i) Atr=0":
Switch is at position O and Inductor is replaced by a current source with initial value 7, (0") and

capacitor is replaced by voltage source with initial value ¥.(0") so circuit becomes as,

5kQ  p 5kQ 4
VAVAVAVA—.

0

20V (@) 20kQ V.(0')=10V

AAAA.
\AAAA

Apply nodal analysis at node 4,

%+ic(0+)+1=0

24i.(0")+1=0
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i.(0")=-3mA

So voltage across capacitor at £ =0" is,

C s d .
i (0 ):CEVC(O )

Ay 0ry=20) -3 _ 3yyec
dt C 1

Hence, the correct option is (C).
Question 23

A GATEACADEMY

ep to duccedd. .

Computer Organization (2M)

The content of the registers are R, =25 H, R, =30H and R, =40H . The following machine instructions

are executed
PUSH {R}

PUSH {R,}
PUSH {R,}
POP {R )
POP {R, ]
POP {R,)

After execution, the content of registers R,, R, , R, are

(A) RR=40H, R,=30H, R,=25H (B) R=25H, R,=30H, R,=40 H
(C) RR=30H, R, =40H, R,=25H (D) RR=40H, R, =25H, R,=30H
Ans. A

Sol. Given: R =25H, R, =30H, R, =40H
PUSH {R/}
PUSH {R,}
PUSH {R,}
POP {R}
POP (R}
POP {R,}
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POP R, TR, PUSH R,
R =R "R, PUSH R,
R PUSH R

Hence, R =40H, R, =30H, R, =25H
Hence, the correct option is (A).

Question 24 Signals & Systems (2M)

The exponential Fourier series representation of continuous time periodic signal x(¢) is defined as
x(t) = z akejku)ot
fr=—o0
where ®, is the fundamental angular frequency of x(¢) and the coefficient of series are q, .
The following information is given about x(¢) and a, .
(1) x(¢) is real and even having fundamental period of 6 sec.
(i1) Average value of x(¢) is 2.
(i) k, 1<k<3
iii) a, =
“lo, k>3
The average power of the signal x(z) (round of one decimal place) is

Ans. 32
Sol. Given:

x(t) = z a.e’

fr=co
(1) x(¢) is real and even with 7'=6 sec
(i1) Average value of x(z)=2

k, 1<k<3 ; 1.2.3)
= = = eeecenes g Ly
(i) a, 0. k>3 a,

From symmetry conditions, as x(¢) is real and even, so its fourier series coefficients will also be real
and even.

. *
ie.a,=a, and a, =a,
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soif g, =1=a  =a =1

a,=2=a,=a,=2
a,=3=a,=a,=3
a, =0 for k>3

a, =0 for k<=3

Also, given that average value of x(f)

: 1

ie. - ! x()dt=a, =2

So, the complete set of Fourier series coefficients is given as
a. = {3,2,1,%,1,2,3} ={a,,a,,a ,,a,,a,,a,,a,}

Using Parseval’s theorem, average power of x(z)is given as

1 T oo
P= k@l di= ¥ |a,f
0 k=

P=@y+@Q@y +M)° +Q2) +()’ +()" +O)
P =9+4+1+4+1+4+9
P =32W

Hence, the average power of signal x(z)is32W
Question 25 Signals & Systems (1M)
Consider a real-valued base-band signal x(7), band limited to 10 kHz. The Nyquist rate for the signal

y(t)=x(t)- x(l +%) is
(A) 15kHz (B) 30kHz (C) 60kHz (D) 20 kHz
Ans. B

Sol. Given:
x(¢) 1s band limited to 10 kHz

(1) = x(t)-x(l+%j - x(t)-x{%(t+2)}

Method 1 :
Assuming magnitude spectrum of x(t) is shown below,
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X
X(0) +—b g/ (kH2)
Let x(t) = X (f)
x (1) = x(t+1) =" X(f) = X,(f)
Magnitude spectrum of x,(z),
X, ()] =X ()]
|X, ()] =X ()
x, (1)« <TW. > f(kHz)

%0 =x, Gj - x(é+ 1}Lzeﬂ“f XQ2f)=X,(/)
Magnitude spectrum of x,(z),
X, ()] =2|X 21|
%,/

xz(t)zx[l+§j FT, 1 > £ (kHz)

Thus applying the property of convolution,
Y1) =x(t) x,(t) =Y ()= X(/)®X,(f)
X X ()

®

1
y(t)=x(t).x(1+EJ< LELEREN g/ W) > (ki)

So that spercturm of Y(f) is shown below,
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XN X, Y(f)
®
» f (kHz) > —T » f(kHz)
10 0 10 5 o0 5 JkHy 15 0 15
BW

Bandwidth (BW) of y(z) =15kHz
So, the nyquist rate of y(¢#)=2x15 =30kHz

Hence, the correct option is (B).
Method 2 :

Given : (1) = x(1)- x(l +éj

Where maximum frequency component of x(t) is f,, =10kHz

To find Nyquist rate of sampling for y(z) we need to find maximum frequency component in y(z)
As y(t) 1s obtained by multiplication of two functions in time domain so Fourier transform of y(¢), i.e.

Y () will be the convolution of individual transforms of multiplied signals.
Let, x(é+1j =x,(?)

y(6) = x(2).x,(2)

Y(w)=2inX(w)-Xl(®)=X(f)'X1(f) e

When two functions are convolved, then the left and right most limits of existence of resultant function
will be addition of left and right most frequencies of X (/) and X,(f)
Given, X (f) has maximum frequency of 10 kHz
x(¢) > f,, =10kHz
As time shifting do not have any effect on the existence duration of its spectrum
So x(t+1)— 1! =10kHz

As expansion in time domain results in compression in frequency domain, so after applying time scaling
1
A Llet)sr =1 sim,
2 > 2
So, the maximum frequency component in the convolved signal y(¢) is

f.=f. +f,=15kHz
So, the Nyquist sampling rate is given by,
f.=2f, =2x15kHz=30kHz
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Hence, the correct option is (B).
Question 26 Signals & Systems (2M)

For a unit step input u[n], a discrete time LTI system produces an output signal
[28[n+1]+8[n]+8[n—1]]. Let y[n] be the output of system for an input K%) u[n]} The value of

v[0] is
Ans. O
Sol.  Given response of the system for step input, i.e. step response 1is,
S[n]=208[n+1]+98[n]+0[n—1]
Impulse response of the system can be obtained by taking first difference of S[#n]
h[n]=S[n]-S[rn-1]
h[n] = 28[11+1]+8[n]+S[n—1]—25[n]—8[n—1]—8[n—2]
h[n]=28[n+1]-98[n]—-9[n—2]

System
h[n]

x[n]—> — yln]

For input, x[n]= (%)" u(n]

Output, y[n]=x[n]® h[n]
y[n]= (%j u[n]®{28[n+1]-9[n]—0[n—2]}

y[n]=2| — " un+1]—| — nu[n]— — ¥ uln-2] (v x[n]®dn—-n,]=x[n—n,]
: >) (3

Substituting # =0 both sides,

0] = 2x(1jum (—j u[O]—Gj_ u(=2)

1
y[0]=2><5—1—0 o u[-2]=0)
y[0]=1-1=0
Hence, the value of y[0] is 0.
Question 27 Signals & Systems (2M)
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Consider the signal x[n]=2""u[-n+2] and y[n]=2""u[n+1]. Where u[n] is the unit step sequence.

Let X(e’) and Y(e’®) be the discrete time Fourier transform of x[n] and y[n] respectively. The value

of integral
1 2n . '
— j X(*)Y(e®)do
2n s,

(round off to one decimal places) is
8

Given : x[n]=2""u[-n+2]—2L— X (/)
Vnl=2""uln+1]—2L 5 Y ()

We have to evaluate the integral,

2n
=L j X()Y(e ') do ()
2n
If p[n]«22— P(e’®), then from synthesis equation of DTFT

1 T (0] jon
p[n]zﬁ_([P(e’ )e’™ dm

p[0]= ;—n ! P(e’®)do ..(i)

From equation (i) and (i1),

If P(e’®)=X(e’*)Y(e ') then, I = p[0] ...(iii)

If y[n]«—Y(e’™®)

Applying time reversal property,
y-nle—Y(e™)

Let y[—n]=z[n], then using convolution property,
Hn]®z[n]«—— X (e’*)-Y(e ') = P(e’®)

So, pln] = x[n]® z[n]

Expend convolution as,

=3

plnl= Y xlklzAn~k]

k=—o0
Here, n]=2""u[-n+2]
xk]=2""u[-k+2]
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Z[n]= y[-n]=2"u[-n+1]
Z[n—k]1=2""2u[-n+k+1]

plnl= D 2 u[—k+2]- 2" ul-n+k+1]

f=—oo

4o = PLO]

p[0]= i 2 [k +2]- 27 ulk +1]

k=—oo

Sequence, u[—k +2]=1 only for —e < k <2, thus modifying limit of summation

p[0]= i 2R [k +1]

k=—c0

pl0]= i2u[k+1]

k=—oo

Sequence u[k +1]=1 only for —1< k < oo, thus modifying lower limit of summation.
2 2
=>2x1=2> (1)
k=-1 k=—-1
p[0]1=2[1+1+1+1]=8

1 2n ‘ ' 1 2w .

So, I=— [ X(e")-Y(e")do=—~ [ P(¢")dw
2y 21y

I=p[0]=

Hence, the value of given integral is 8.

Question 28 Signals & Systems (1M)

Consider two 16 point sequences x[n] and /[n]. Let the linear convolution x[n] and A[n] be denoted by
y[n], while z[n] denotes the 16 point inverse discrete Fourier transform (IDFT) of the product of the 16
point DFTs of x[n] and h[n]. The value(s) of k for which z[kl= ylk] is/are

(A) £=0,1,2,.....,15 B) £=0 (©) k=15 (D) k=0 orl5
Ans. C
Sol. Given : x[n] and A[n] are 16 point sequences
and y[n]=x[n]® h[n] ...(1)
Also, z[n]= IDFT[X (k) - H (k)]
Where, xn] oo X (k)
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h[n) 22— H (k)

From circular convolution property of DFT.
x[n](N) h[n] 22— X (k)- H (k)
So, z[n] = x[n] @ h[n] ...(11)
We have to find value of & , for which y(k)=z(k).
i.e., value of 7, for which linear and circular convolutions of 16 point sequences x[n] and A[n] are

same.

From definitions of linear convolution,

oo

Anl= Y Alk]-hln—k]

k=—oo

From definitions of circular convolution,
N-1
Z[n]=> x(k)-h[(n—k)], where, N=16
k=0

Assuming two 16 point sequences as,
x[n]= {%,2, 3,4,5,6,7,8,9,10,11,12, 13,14, 15, 16}

h[n]:{ch,b, c,d,e, f,g hi,j k, I, mn,o, p}

So, linear convolution y[n] is,

oo

yn]= Y k] -hin—k]

k=—oo

=3

A0]= Y xlk]-h[—k]

Koo
x[k]= {%, 2,3,4,5,6,7,8,9,10,11,12,13, 14, 15, 16}
hW-kl1={p,o,n,m, Lk, j,i,h, g, [, e d,c,b, cTz}
y[0]=(1%xa)+0+0+0+0+0+0+0+0+0+0+0+0+0+0+0
V[0]=a ...(1)

From 16 point circular convolution,

Z[n]—ZX(k) hl(n—K)],

K=0

2[0]= ) x(k)- h[(=)],,

K=0
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Thus, z(0) =(ax1)+(bXx2)+(cX3)+(dx4)+(ex5)+(f*x6)+(gx7)
+(hX8)+(iXx9)+ (jx10)+ (kx11)+(IXx12)+(mXx13) +(nx14)
+ox15)+(px16)  ...(i)
From equations (i) and (ii),
z(0) # »(0)
So, z(k) = y(k) is not satisfied for £ =0 and hence options (A), (B) and (D) are wrong.
Now we are choosing option (C) and verify it as follows,
Linear convolution, y[n]= i x[k]-h[n-k]

k=—oco

=3

Taking n=15, y[15]= >_ x[k]-A[15—k]

f=—oo0
To find A[15—k], shifting sequence A(—k) 15 times towards right hand side.
So, x(k)=11,2,3,4,5,6,7,8,9,10,11,12,13,14,15, 16}

h[_k]z{pa o, n, m, la ka ja i’ ha g, f, e, da c, ba C%}
W15-kl={p,o,n,m, L, k, j,i,h, g, f,e d,c,b,a}
e

v(AS)=p+20+3n+4m+5[+6k+7j+8i+9h+10g +11f +12¢

+13d +14c+15b+16a ...(111)
Circular convolution,

z[n]= Z_‘,X(k)'h[(n—k)]16

z[15]= ix(k)-h[(lS—k)]m
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To find A[(15-k)],,, rotating h[(—k)] , in anticlockwise direction 15 times. So,
h((ls_k))m
z(15)=p+20+3n+4m+5l+6k+7j+8i+9h+10g+11f +12e
+13d +14c+15b+16a ...(1v)

From equation (ii1) and (iv),

y(15)=2z(15)
Hence, y(k)=z(k) for k=15 is satisfied.
Hence, the correct option is (C).

Question 29 Electronic Devices (2M)
For the transistor M, in the circuit shown in the figure, u,C, =100uA/V? and (W /L) =10 where W, is
the mobility of electron, C,_ is the oxide capacitance per unit area, ¥ is the width and L is the length.

Vop =3V

AAAA
v

S R, =20kQ

—o V

out
VGS o_i M, 1

The channel length modulation coefficient is ignored. If the gate-to-source voltage V,, is 1 V to keep the

transistor at the edge of saturation, then the threshold voltage of the transistor (rounded off to one decimal
place) is V.

Ans. 0.5

Sol. Given:

(i) u,C, =100pA/V>
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G

W
1) —=10
(ii) 7
(i) V=1V
Drain to source current ( /

ps ) when N-MOS is saturation is given by,
we. W

n ox
—_— X

2
100><10_6

[ =

D

1

DS —

(VGS V,)>  (For NMOS in saturation)

I,=1,= x10(1-V,)?

%(I—VT)Z mA

IDl

V=3V
R, =20 kQ
D
+
Go_|
+
v,

Ml VDS

GS }S

Apply KVL at outer loop of N-MOS,
Vs =3=20%1
Put the value of /,, in above equation we get
Vs =3 = (1=V,)°
2
Vps =3-10(1-V,)*

MOSFET operates in saturation if over drive voltage ¥, >V,,, as shown below,
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Ip4 Triode Saturation

region region
Vis <Vor Vs 2 Vo
1 Dsaty § T .
rDS
é > VDS

0 VOV . VGS = VT

So,

Let,

We get, xX=

Vs 2
So, we take, V=V -V,
Vas =

Vor =Ves = V1

V,=3-10(1-V,)’
1-V, =3-10(1-V,)
-V, =x
3-10x% =x
10x* +x—3x=0

1414120

20
1£11
xX=—

20
x=0.5 and 0.6

When X=0.5 | When Xx=-0.6

1—
VT

V,=0.5 1-V, =-0.6
=05V V,=1.6V

For MOSFET to be in saturation

If

1e.,

Ve <V
V. <1
V., =05V

Hence, the threshold voltage of the transistor to be at the edge of saturation is 0.5 V.

If we

Key Point

choose 7, =1.6 V, then the MOSFET goes in cut-off region, because V, >V, .

Question 30

Control System (2M)
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A unity feedback system that uses proportional-integral (PI) control is shown in the figure.

X(s) +

e 8 o — > ¥(s)

The stability of the overall system is controlled by tuning the PI control parameters K, and K,. The
maximum value of K, that can be chosen so as to keep the overall system stable or in the worst case,

marginally stable (round off to three decimal places) is
Ans. 3.125
Sol.  Given unity feedback system is shown below,

X(s) +

K,+—L » — ——>Y(s)

Characteristic equation of unity feedback system is,

1+G(s)=0

1+ KP+& 3 22 =0
Ky s +4s”+5s+2

1+KPs+K, 2 —0

s s +4s” +55+2
s(s> +4s> +55+2)+ 25K, +2K, =0
s'+45 +557 +25+25K,+2K, =0
s +4s’ +55" +(2+2K ))s+2K, =0

From the above equation it is clear that, the sufficient condition for the system to be stable is,
K,>(-1)and K, >0

The Routh table for above characteristic equation,

st 1 5 2K,
$ 4 242K,

18-2K
52 TP 2K,

§! (18_42KPJ (2+2K,)-8K,

182K,
4

s 2K,
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For stability or marginal stability of given system, the coefficient of first column of Routh table should be
positive or same sign so,

18-2K,
>0
O —

K, <9

Thus, K, must varies from, (-1) < K, <9

(18_21{1’) (2+2K,)-8K,
(1)

=0
18-2K,
4
242K, — K x4 _
18-2K,
1+KP :&
18-2K,
1+K, = 8K,
9-K,
KI:(1+KP)§9—KP)

Here, K, is a function of K.

For maxima or minima, LK ;=0
P
l:(l""KP)(Q_KP)jI =0
dK, 8

%[(1+KP)(—1)+9—KP]=O

9-K,=1+K,
2K, =8
K,=4
Now, double derivative of K, is,
2
d—zK, =—l<0
dK, 4

It means, K, has maxima at K, =4.
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« - | - »K,
-1 +4 +9
Thus, maximum value of K, at K, =4 will be,
(K], = %5_4) =3.125 Ans.
Question 31 Engineering Mathematics (2M)

A box contains the following three coins

() A fair coin with head on one face and tail on other face.
(i1) A coin with heads on both faces.

(iii) A coin with tail on both faces.

A coin is picked randomly from box and tossed. Out of the two remaining coins in the box, one coin is
then picked randomly and tossed. If the first toss result in a head, the probability of getting a head in the
second toss is

(A) 2/5 (B) 1/3 () 12 (D) 2/3
Ans. B
Sol. Method 1:

There are three types of coins

(1) Unfair coin with head on both side (UH)

(i) Unfair coin with tail on both side (UT)

(ii1) Fair coin (F)

Coin

~
For the type 1 | 3
of coin 3 l 3 Bl <t throw
3
E
12 12
v
UH ur H T
1/2

For the type 172

of coin 12 I 12 172 172 Second throw

ur H T UH ur

P(A4) = probability for head in first throw
P(B) = probability for head in second throw
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(1){1)(1}{1)(1)(1)
WeneedtoﬁndP(Ej:P(AmB) 3 2 2 32 2

P(A) 1, (lxlj
3 \3 2
1,11
plBl_12 12_6_1
A 3 3 3
6 6
Hence, the correct option is (B).
Method 2 :
Step 1 : Find the probability of selecting a coin and getting heads after tossing it
P (coin 1 with head and tail)= l><l = 1 ...(1)
32 6
P (coin 2 with two heads) = %xl = % ...(11)
P (coin 3 with two tails) = %xo =0 ...(1i1)

Step 2 : Find the probability of getting heads in second toss,
If equation (i) happens, then probability of getting heads in second toss = 1

If equation (i1) happens, then probability of getting heads in second toss :%

If equation (ii1) happens, then probability of getting heads in second toss = 0.
*. Required probability = l>< 1+ l><l A +l _L
6 BY D AN

Hence, the correct option is (B).
Question 32 Engineering Mathematics (1M)

Consider the differential equation given below

d
2y x|y

dx

The integrating factor of differential equation is

(A) (1-x")* B) (1-x7)* (C) (1-x")? D) (1-x7)?
Ans. B

Sol.  Given : First order deferential equation,

d
—r——y=xy

dx
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Dividing both side with \/y

—%d_y_'_ X _
dx l1—x

y

)
=
<

I
=

1
L4 x 1
yrEL oy

= ...
dx 1-x * @

1

Let, y? =t ...(11)
Differentiating equation (ii), both side with respect to x,

1 ady_dt

2y dx dx

— dy dt
=2—
v dx dx
Putting equation (iii) into equation (i),
dt X

2—+ )
dcx 1—x

dt 1 X X :
_+_{ . }t=— ...(1v)
dx 2| (1-x%) 2

Compare equation (iv) with Labntiz first order differential equation,

dt
—+Pt=
dx Q

1
So, P=— ==
2 L x° } 0=
Integrating factor (L.F) is given by,

1
LF= e'[ N — eﬂﬁd’c
If2x

“a 2

[F=e ¥

....(iii)

Liog, (1)

[F=¢*

—-1/4

LF = gl

1
LF=(-x%)*
Hence, the correct option is (B).

Question 33 Computer Organization (1M)
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Addressing of a 32 Kx16 memory is realized using a single decoder. The minimum number of AND
gate required for the decoder is
(A) 2° B) 2% ©) 2" D) 2"
Ans. C
Sol. Given:
Addressing of memory = 32 Kx16

Addressing of memory = 2°x2'°x16 (- K=2"
Addressing of memory = 2 x16
So 32 Kx16 memory needs 15 address lines

So it will need decoder of size 15x 2", which will need 2'° AND gates.

Hence, the correct option is (C).

Question 34 Engineering Mathematics (2M)
A real 2X2 non-singular matrix 4 with repeated Eigen value is given as
| x =30
- {3.0 4.0 }
where x is a real positive number. The value of x (round off to one decimal place) is
Ans. 10
Sol. Given: 4 { g _3'0}
3.0 40

It is given that Eigen value of matrix 4 is repeated

Let the repeated Eigen values are
A=A
A=A

We know that, sum of the Eigen value of matrix [4] is equal to trace of matrix
A, +A, =Trace (4) = Sum of diagonal elements of matrix [A4]
A+A=x+4
2h=x+4

x+4
2

We know that, product of Eigen value is equal to determinant of matrix [A]

A= ...()

AXA=4x+9
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A =4x+9 ...(ii)

Putting A = x+4
2
(x;4) =4x+9

x*+8x+16=16x+36
x*—8x-20=0

x> —10x+2x-20=0
x(x—10)+2(x—-10)=0
(x—10)(x+2)=0
x=10, x=-2

It is given that x is positive real number, therefore we will select x=10.

into equation (ii)

Hence, the correct answer is 10.

Question 35 Engineering Mathematics (1M)

Two continuous random variables X and Y are related as

Y=2X+3

Let 63, o; denote the variance of X and Y respectively. The variance are related as,

(A) o, =20, (B) o©2 =402 (C) o, =503 (D) o©; =250
Ans. B
Sol. Given: Var[X]=07%

Var[Y]=
Y=2X+3

Taking variance on both sides,
Var(Y)=Var[2X +3]
Var(Y)= Var(2X)+ Var(3) ... (1)

66 29

Since, from the property of variance, for any constant
Var[aX]|=a*Var[ X]
Var[a]=0
So, equation (i) becomes as,
Var (Y)=2* Var(X)+0
Var(Y) =4 Var(X)
o, =40,
Hence, the correct option is (B)
[ Key Point
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(i) Var[aX]=a’Var[X]
(i1) Var[a]=0
Where, a is constant.
Question 36 Engineering Mathematics (2M)
Consider the integral
sin
é 2,2 ) dx
X (x"+4)
where C is the counter clockwise oriented circle defined as |x— i| =2 . The value of the integral is
T T T T
A) ——sin2i B) —sin2i C) ——sin2i D) —sin2i
(A) g Sin2i (B) g Sin2i ©) 4 Sin2i (D) 4 Sin2i
Ans. * (According to lIT Bombay its Answer A)
sin x
Sol. Given: f(x)=————
A X (x2 +4)
Poles of f(x) are given by,
¥(x*+4)=0
x,=0 (multiple pole of order 2)
x,=2i (simple pole)
X, =-2i (simple pole)

Contour C'is given by|x = i| =2

|la+ib—i|=2
Ja+(b-1)7% =2
Squaring both sides
a+(b-1y=4
So, the contour C represent a circle with centre (0, 1) and radius 2.
ib
3i
| MoJ%

—i

Pole x, =0 and x, = 2i lie inside the circle but pole x, = =2i lies outside of the circle.
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Thus we will find residue at pole x, =0 and x, =2i.

Residue of f(x) with multiple pole at x =a with order m is given by,

1 [L__(x—a)’”f(X)}

RONes = ozt 2

X=a

Residue at x, =0 is given by,
R(x,)= 1 a’ e sin x
(2 ! dx x> (x+4) -0

_d| sinx
Rx)= dx {(x2 +4) l=0

(x> +4)cosx—2xsinx
R(x,)= |: (xz n 4)2
x=0
4-0 1

R ==
*)=T=7%

Residue at x, =2i is given by

(x—2i)sinx
x7 (x +20)(x = 2i) .

R(x,) = |:

sin2i _ —sin2i
(2’ x4i  16i
By residue theorem

@ f(x)dx = 2mix[ER(x,)]

R(x,) =

4‘)& =2mi[R(x,)+ R(x,)]

sz(x2+4)

sin x _{1 sin21}
b= omi| =
X (x"+4) 4 16i
4) sinx W _J|sin2i
sz(x2+4) 2 8

Hence, none of the option is matching.
This question is not in proper form as per their options, so this question must be considered as marks to

all (MTA).
Question 37 Digital Electronics (1M)
If (1235), =(3033), where x and y indicate bases of the corresponding numbers, then
(A) x=Tandy=5 (B) x=8andy=6 (C) x=6andy=4 (D) x=9%9andy=7
Ans. B
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Sol.  Given : (1235), = (3033),

Converting both numbers into decimal number as,
(1239.=603),

x3 x2 xl xO y3 yZ yl yO

X +2x° +3x+5=3)y" +3y+3
Only option (C) x = 8, y = 6, satisfy the above equation.
Hence, the correct option is (B).
Question 38 Communications System (1M)
The autocorrelation function R, (T) of a wide-sense stationary random process X(f) is shown in the

figure,

The average power of X(¢) is
Ans. 2
Sol. Method 1:

Given, autocorrelation function R, (T) of wide sense stationary random process X (¢) is shown in figure.

Ry (1)

A

2

-2 0 2
Here, R, (t1=0)=2

Average power of X (7) is given as mean square value of X(¢), i.c.,

P =E[ X’(t)|= ELX()X(1)] ()
Autocorrelation function of X (¢) in defined as,

R,(V=E[X(1)- X(t+7)]

R, (t=0)=E[X()X(t+0)]

R, (0)=E[X()X(1)] ...(i1)

From equations (i) and (i),
P =R, (0)=2W
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Method 2 :

Given R, (T) can be represented as,

— il T
RX(’C)—Ztrl(zj

Power spectral density of X (¢) is related to R, (1) as,
S, (f)=F.T.[R,(D)]
2zri6j¢4smc2(z f)

S, (f)=4sinc*(2f)
Average power of X(¢)
P = [ $,(N)dr =4[ sinc@)drf

P. =4-[Energy of sinc(2f)] ...(iii)
From standard result,

Energy of sinc(f)=1
Using scaling property,

. 1

Energy of sinc(2f) = 5
From equation (iii),

P & 4><l =2W

2

Hence, average power of X(¢) is2 W.

Question 39 Communications System (2M)

Ans.

Sol.

A message signal having peak-to-peak value of 2 V, root mean square value of 0.1 V and bandwidth of 5
kHz is sampled and fed to a pulse code modulation (PCM) system that uses a uniform quantizer. The PCM
output is transmitted over a channel that can support a maximum transmission rate of 50 kbps. Assuming
that the quantization error is uniformly distributed, the maximum signal to quantization noise ratio that
can be obtained by the PCM system (rounded off to two decimal places) is

30.72

Given : Peak to peak value of message signal m(¢)
Vop=Vy =V, =2V
RMS value of message signal, m()=0.1V
Bandwidth of message signal or maximum frequency component of m(t)

£, =5kHz
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Bit rate of PCM system R, =50kbps

Power in message signal m(f)
P =(RMS value)® = (0.1)> = 0.01 W

As nothing in mentioned about sampling frequency, so taking Nyquist rate of sampling, i.e.

f.=2f, =10kHz
Bit rate of PCM is, R, =nf, =50kbps (. n=Number of bits)
n= & =5
A

Given that the PCM system uses uniform quantization and quantization error is uniformly distributed, so
Quantization noise power is given as,
s
P ==
"o12
VP P

Where, s = Step size =

L =Number of level =2"

“2%)
So. p oL )
1 12
VH _ VL 2 i 2
" 12 12 32x32x12 3072
So, the signal to quantization noise power ratio,
P .
sy p=f - 001
A A—
3072
SN,R =30.72

Hence, the value of signal to quantization noise ratio is 30.72.

Question 40 Communications System (2M)
Consider a polar non-return to zero (NRZ) waveform, using + 2 V and — 2 V for representing binary ‘1’
and ‘0’ respectively, is transmitted in the presence of additive zero-mean white Gaussian noise with
variance 0.4 V. If the a priori probability of transmission of a binary ‘1’ is 0.4, the optimum threshold
voltage for a maximum a posteriori (MAP) receiver (rounded off to two decimal places) is V.

Ans. 0.04
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Sol.  Given a polar non-return to zero waveform, using +2 V and -2 V for representing binary ‘1’ and ‘0’
respectively is transmitted in presence of white Gaussian noise with variance 0.4V
P(1)=0.4, P(0)=1-P(1)=0.6

Average probability of error in given as,

P = P(0)P (%) + P(l)P(%)
o Z Vip z
P,=P(0) | f(a) dz+P() | f(Tj dz

k. =0.

L
—P(@f(éj +P(1)fU

o)

=0}

z zZ
PO) f (—j =PQ) f (—j
O z=Vy, 1 z=Vy,
1 (z—a,)* 1 _(z-a)
P(0)- e & = P(1) e 4%
21O o 2To o

where, given @, =+2V,a, =-2V

(z-a,)* (z—a,)

P(O):e 202 te 262
P

z=V,

On solving, the optimum threshold for MAP receiver is obtained as,

: P
y atd, O (PO ()
2 a,—a, P(1)
Equation (i) may be used as standard equation to find optimum threshold for minimum probability of error

+
(P),i, in MAP receiver : Also, if P(0) = P(1) then V,, = 474

Substituting value of a,, a,, P(0) and P(1) in equation (i),

p 2+ 04 ln(%j
i 2 2-(-2) (04

1
V, =—In(1.5)=0.0405
TR

Head Office : A/114-115, Smriti Nagar, Bhilai (C.G.), Contact : 9713113156, 9589894176 www.gateacademy.co.in

© Copyright
Branch Office : Raipur (3 : 79743-90037, Bhopal (3 : 89591-87052 www. Ejacebook.com/gateacademy




PAGE
59

Question 41

Ans.
Sol.

GATE 2021 [Afternoon Session] ‘\w‘ GATE AcnnEMY

Electronics & Communication Engineering

ep to duccedd. .

Hence, the minimum probability of error occurs for the optimum threshold of V,, =0.0405V.

Communications System (2M)

A digital transmission system uses a (7, 4) systematic linear Hamming code for transmitting data over a

noisy channel. If three of the message code-word pairs in this code (m;; C;), where, C, is the code-word

corresponding to the i” message m,, are known to be (1100;0101100), (1110;0011110),
(0110; 1000110), then which of the following is a valid code-word in this code?

(A) 1101001 (B) 1011010 (C) 0001011
C
Given message and corresponding code-words are,

(D) 0110100

Message Code-word

P

4

—

~

EQ O

0
0 0 1 1 1

0

m
m, 1 1o o
0
0

1 0 0 0 1

o o o 3

i@

Here, m,, means, m, m, m, m, =1100 and its decimal equivalent 1s 12
Here, m,, means, m, m, m, m, =1110 and its decimal equivalent is 14
Here, m, means, m, m, mym, =0110 and its decimal equivalent is 6
From four parity generator we have to select any three equation,
P, =m ®m, ®m,
Po=m ®m,®m,
P.=m,®m, ®m,
Py=m ®@m, ®m,
From comparing with all three given code-words i.e., C,,, C,, and C
B=0, hh=F, L=P,
So, for message m, =1001, C, =0111001
Option (A) is wrong.
m,, =1010, C,, =1101010
Option (B) is wrong.
m,, =1011, C;, =0001011
Option (C) is correct.
m, =0100, C, =1110100
Option (D) is wrong.
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Hence, the correct option is (C).
Question 42 Communications System (1M)

A 4 kHz sinusoidal message signal having amplitude 4 V is fed to a delta modulator (DM) operating at a
sampling rate of 32 kHz. The minimum step size required to avoid slope overload noise in the DM
(rounded off to two decimal places) is V.

Ans. 3.14
Sol.  Given : Message signal frequency, f, =4kHz

Message signal amplitude, 4, =4V
Sampling rate, f, =32kHz

Assume message signal, m(t) = A4, cos2n f, t
Slope of m(t) = %m (t)=2n f, )A, cos2n f, ¢
Maximum slope of m(?) is,

%m ®| =2nf A, [- Maximum value of (cos2n £, t) =1] ...(1)

max

To avoid slope overload distortion,

where, s = Step size.

sf, = %m(t}

max

sf.z2nf, A,

53 20 n Ay
f
So, minimum value of step size s is,
2 A
Smin — TCfm =
f
P Lo S PRV
32
Hence, the minimum step size required to avoid slope overload is 3.14 V.
Question 43 Communications System (1M)

A speech signal, band limited to 4 kHz, is sampled at 1.25 times the nyquist rate. The speech samples,
assumed to be statistically independent and uniformly distributed in the range — 5 V to + 5 V, are
subsequently quantized in an 8-bit uniform quantizer and then transmitted over a voice-grade AWGN
telephone channel. If the ratio of transmitted signal power to channel noise power is 26 dB, the minimum
channel bandwidth required to ensure reliable transmission of the signal with arbitrarily small probability
of transmission error (rounded off to two decimal places) is kHz.

Ans. 9.26
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Sol. Given:
Speech signal/message signal frequency, f, =4 kHz

Sampling frequency, f, =1.25 f,,
Nyquist rate f,, =2f, =2x4=8 kHz
=1.25f,, =1.25x8 kHz =10 kHz

Speech samples are uniformly distributed in the range =5V to 5 V and subsequently quantized in 8-bit

Thus, sampling frequency, f

N

uniform quantizer and transmitted over AWGN channel, so number of bits used by quantizer,
ie, n=8
Bit rate is given as, R, =nf, =8x10=28 kbps

According to channel capacity theorem,

(Rb)max = C = B10g2(1+ SNR)
80x10* = Blog,(1+ SNR) ..(D)

Here, (SNR), =26 dB
10log,,(SNR) =26
SNR = (10)*° =398.1

From equation (i),
80%10° = Blog,(1+398.1)

3
B =M =9.259 kHz = 9.26 kHz

log,(399.1)

Hence, minimum bandwidth required for reliable transmission is 9.259 kHz.
Question 44 Communications System (2M)
A sinusoidal message signal having root mean square value of 4 V and frequency of 1 kHz is fed to phase

modulator with phase deviation constant 2 rad/volt. If the carrier signal is ¢(¢) =2cos(2m10°¢), the

maximum instantaneous frequency of the phase modulated signal (rounded off to one decimal place) is
Hz.
Ans. 1011313.71
Sol. Given:
Message signal frequency, f =1kHz

Carrier signal, c() =2 cos(2m10°¢)
Phase sensitivity factor, k, =2 rad/V
Assuming message signal, m(t) = 4, sin(2nf, t)

RMS value of message signal m(z) is,
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A
M| gys == =4V

2
A, =42 Volt,
So message signal m(?) is,

m(t)= A, cos 2nf, t = 4/2 cos 2m1 0° 1V

m(f)——> PM > (Do

()
So, phase modulation equation is,

s(@)py = Ao cos[2nfct + kpm(t)}
%/_J
6;(1)
Instantaneous frequency is given as,

1 d

£@),, = 1. +£Eei(1)

S0y = fr e o)
N T

£, =f 0 d g Bsinamioin

e = e TS

£\, =1 +%4\E(2n.1o3)(cos 21.10°7)

£, = £, +832x10° cos 2m.10°
So, maximum value of instantaneous frequency is,
f(®)]_ =[1000+8v2]x10’

f,®)|, =1011.3137x10°
f,(0|  =1011313.7Hz

Hence, the maximum instantaneous frequency of the phase modulated signal is 1011313.7 Hz.

Question 45 Communications System (1M)
Consider a carrier signal which is amplitude modulated by a single-tone sinusoidal message signal with a
modulation index of 50%. If the carrier and one of the sidebands are suppressed in the modulated signal,
the percentage of power saved (rounded off to one decimal place) is

Ans. 94.44

Sol.  Given signal is single tone sinusoidal message signal with modulation index,

Yom, =50%
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m, =0.5
According to question, carrier and one side band is suppressed, so saved power is,
Power saved = Carrier Power + One side band Power
= ", > _1+ ",
c C 4 | 4
m* |
Total power of AM signal = P, [1 + 2"
So, percentage saving in power is given as,
% Power saving = P()Lsavedxloo%
Total power
B 2
Pl1+ n; }
% Power saving = —=——=x100%
m
Pl1+—= }
2
1+ 1) l
o o 2) 4 N
% Power saving=———5—x100%
1)1
I+ - | =
2) 2
1+ L
% Power saving = —116>< 100%
I+—
8
% Power saving=94.44%
Hence, the percentage of power saved is 94.44%.

Question 46 Communications System (2M)
Consider a super heterodyne receiver tuned to 600 kHz. If the local oscillator feeds a 1000 kHz signal to
the mixer, the image frequency (in integer) is kHz.

Ans. 1400

Sol. Given:

Jrr =600kHz
Jf10 =1000kHz

For f,, > fir,1mage frequency is given by,
f;mage = fRF + 2’f‘IF
f;mage :2fLO _fRF ¢ f[F :fLo _fRF)
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Fonage = 2X1000 600 = 1400 kHz

Hence, the image frequency is 1400 kHz.
Question 47 Engineering Mathematics (2M)

In a high school having equal number of boy students and girl students. 75% of students study science and
remaining 25% students study commerce. Commerce students are two times more likely to be a boy than
are science students. The amount of information gained in knowing the a randomly selected girl student
studies commerce (rounded off to 3 decimal places) is bits.

Ans. 3.322

Sol. Method 1:
Given :

50% of the total students are boys so probability of boys P(B) =

50% of the total students are girls so probability of girls P(G) =

75% students studies science, so probability of student studies science, P(S) =%

. e 5 1
25% students studies commerce, so probability of student studies commerce, P(C) = 2
Given commerce students are two times more likely to be a boy than are science students.

Let the probability that a science student is boy i.e., P(?j =p.

. o : . B
Then as given, the probability that a commerce student is boy i.e., P(EJ =2p.

From total probability theorem, the probability of a selected student to be a boy is

_ B B
P(B)= P(C)P( Cj + P(S)P( 3 j

(o}
2 4
1 5p
2 4
2
P=s
B 2 B 4
SO, P(Ej—p—g and P(Ej—zp—g

Hence probability of a selected commerce student is a girl,

C C 5 5

Probability of randomly selected girl studies commerce is given as
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G
P(gj _P(GNC) _ P(C)P(Cj
G) PG) PG
1.1
= p(EJ:ﬁ:i:L
G) 1 "20 10
2

Hence, information in knowing that a randomly selected girl studies commerce is given as

1
I=log,| ———=
()
G
Hence, the amount of information gained in knowing the a randomly selected girl student studies
commerce is 3.32 bits.

Method 2 :
Let total number of students is 100.

bits=1log, 10 =3.32 bits

Given, there are equal number of boys and girl students.
Total number of boys = 50
Total number of girls = 50
Given commerce students are two times more likely to be a boy than are science students.
Let Probability of science student to be boy = p.
Probability of science students to be girl=1-p
p is defined as,

_ Number of boys in science B

S

Total students in science 75
Number of boys in science =B, =75p
Number of girls in science =75-75p
Number of boys in commerce =50—-75p
Number of girls in commerce=25-(50—-75p)=75p—-25

Given, S0=75p =2p

50-75p=50p
125p =50

50 2

PSS
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Number of girls in commerce =75p—-25= 75><§— 25=30-25=5

Probability that if a randomly selected student out of 100 students is a girl then she studies
commerce is,

P( [ ) _ Number of girls in commerce

G Total girl students
_s_1
50 10

Hence, Information in knowing that a randomly selected student is girl and studies commerce is
I =log, % bits
)
C
I =log,10 =3.32 bits

Hence, the amount of information gained in knowing the a randomly selected girl student studies
commerce is 3.32 bits.

Question 48 Analog Electronics (2M)
An asymmetrical periodic pulse train ¥, of 10 V amplitude with on-time 7, =1 ms and off-time
1,z =1 s is applied to the circuit shown in figure. The diode D, is ideal.

20 nF

1€ &

v C]'D 500 kQ 3
<

o
AN

The difference between the maximum voltage and minimum voltage of the output wave form V| (in
integer) is V.
Ans. 10

Sol.  Given circuit and asymmetrical periodic input ¥, is shown below,

m

Ve
- o+

LAY
20 nF

+ <
10\/@ 500 k€Q <

1
N
)

=
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Here, 7, =1 msec, T, =1 usec and initially capacitor C is uncharged and diode D is ideal diode.
(i) For 0<t<T, :

Maximum value of V, is 10 V and diode D is ON and will be short circuit, so capacitor will get

charged instantly to 10 V as shown below,

10V
SOV
It
ly e
V%

+ <
10 v() 500 kQ 3
_ <

VVVV
0—O

V,=0V

°

Thus, capacitor voltage V. =10 V and voltage V;, =0 volt.
(i) For T, <t<T,, :

Given input voltage V, =0 it means short circuit and diode is OFF and will be open circuit, so circuit

becomes as,
L%
It o
+ IV —
10V *

ol

- < °
I Q/ L §s00ka ] v,
10

Current, [ = —=-20mA
500

Voltage, ¥, =1x500 = (=20)x500=-10 V

Thus output waveform under steady state is,
A
4

0

Tox |T

OFF

—-10 -

Here, V, (maximum) =0V, V, (minimum) =—10V

Thus, difference between maximum and minimum output voltages,
V,(maximum) -V, (minimum) = 0—(=10)=+10 V
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Hence, the difference between the maximum voltage and minimum voltage of the output wave form ¥
is+ 10 V.

Question 49 Engineering Mathematics (1M)
If the vectors (1.0, —1.0, 2.0) (7.0, 3.0, x) (2.0, 3.0, 1.0) in R’ are linearly dependent, the value of x is

Ans. 8
Sol. Given:
According to Question given vectors are (1.0, —1.0, 2.0), (7.0, 3.0, x) and (2.0, 3.0, 1.0) are linearly

dependent.

We know that the determinant of linearly dependent vectors are zero.
I -1 2
7 3 x|=0
2 3 1

13-3x)+1(7-2x)+2(21-6)=0
3-3x+7-2x+30=0
5x=40
x=8
Hence, the correct answer is 8.
Question 50 Electronic Devices (2M)
For an n channel silicon MOSFET with 10 nm gate oxide thickness, the substrate sensitivity
(0V; /0| Vgs|) is found to be 50 mV/V at a substrate voltage |VBS| =2V, where Vr is the threshold
voltage of the MOSFET. Assume that |VBS| >>20,, where q0y is the separation between the fermi

energy level Er and the intrinsic level £, in the bulk. Parameters given are :
Electron charge (¢)=1.6x10""C
Vacuum permittivity (€,)=8.85x10"*F/m

Relative permittivity of silicon ( ) =12

Relative permittivity of oxide (g, ) =4
The doping concentration of the substrate is
(A) 7.37x10"cm™ (B) 4.37x10"cm™
(C) 2.37x10%cm™ (D) 9.37x10"cm™

Ans. A
Sol. Given:
Gate-oxide thickness, 7,, =10 nm
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Substrate sensitivity, % =50 mV/V
BS

Bs|=2v

Electron charge (¢)=1.6x10""C

Vacuum permittivity (€,)=8.85x107F/m
Relative permittivity of silicon (g ) =12
Relative permittivity of oxide (g, ) =4
Threshold voltage when body effect is consider,

=V;, + 1] 20 [ +[V s 20, ()
Where, y= \/ZCICNAS” = V24N t, { C. =jﬂ}
ox 80)6 ox

As per the question, ¢, =¢, — Both are same
Differentiate equation (i), with respect to Vi,

av;
Vs

Since  [Vgs|>>[20y],

N, (Do
)l
1

50x10°7 = y@(z)‘z

=0+7= (|2¢F|+|VSB|) ..(ii)

1
50%107° = y——
Yzﬁ

Y= 24/2x50x107 =0.14142

t
As Y= 2qNA8s,.L‘”‘}

J2aN £, xte = 0.14142
€

ox

r 12

29N, e, = 0.14142x(£ﬂj
tox _

- -2
N, = 0.14142x(iﬂ}
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2
N =— x| 0.14142x 20 (- e, =12, ¢ =4g,)
2¢(12¢,) ‘

ox

(0.14142)” x(4x8.85x107*)’

N,= -19 _14 -9 2
2x1.6x107"" x12x8.55x10™* x(10x10 x100)

N,=7.37x10" ¢cm?

Hence, the correct option is (A).
Question 51 Analog Electronics (1M)
In the circuit shown in the figure, the transistors M, and M, are operating in saturation. The channel

length modulation coefficients of both the transistors are non-zero. The transconductance of the
MOSFETs M, and M, are g,, and g,,, respectively, and the internal resistance of the MOSFETs M,

and M, are r,, and r,,, respectively.

v, o—[C u,
s

Ignoring the body effect, the ac small signal voltage gain (97,

out

/dV,,) of the circuit is

1
(A) =82 (r01 I r02) B) =8, g_ Il 7o,
ml
1 1
©) —8m [_ I, 1l rozj (D) =g, (_ I o, |l roz]
gm2 gml
Ans. D

Sol. Given circuit is shown below,

Igw

v,—["m,
"

Method 1 :
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Channel length modulation coefficient A # 0, it means internal resistance of MOSFET M, and M, are
not zero.

rLe. 1, #0, 7,20
From figure V, =0V, V, =0V and V, =0V,
v, =V, =V,

out ?

So, V, =V, =V, =0V, ==V,

out out

V=V, =V, =V,=0=V,

&%

v, =V,.

The AC equivalent model of given circuit is shown below,

s Vm
’ G
v, e ha o
]\41 ° I/out
S e
Si
Vgsl
. G
Applying KCL at node M.
‘”—nggs +g, Vgs +@=0 ...(1)
Toy L R %
Here, Ve, = Vou ...(11)
Ves, =Van ....(iii)

So, put equation (ii) and (iii) into equation (i),

I/out |:L-i_i-|_g-m1 :| = _ngI/I

o o
Vou 1
So, Vit ==&, |:g_ml” Tor I ’”02}
aV

OU 1
Hence, aV,.t =—g,, [g—mlllrm ||7”02}

Hence, the correct option is (D).
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Given MOSFET arrangement is shown below

i
f

not zero i.e., 7, #0, 1, #0.
AC equivalent circuit :
(1) All capacitors are short circuited.

(i1) All DC voltage sources replaced by ground.

o IR

¥

Here, drain (D,) and gate(G,) of MOSFET

S, D,

Gﬁjf‘« s
= D,

1 = °5

value (L [ rmJ as shown below,
gm

1

Channel length modulation coefficient A # 0, it means internal resistance of MOSFET M, and M, are

M) are grounded, so it can be drawn as,

When drain and gate of MOSFET M, are shorted to each other then it can be replaced by resistance of
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So, given circuit becomes as,

S
=

Above MOS circuit can redraw as,

1
Here, — || ,, = R, work as load for MOSFET (M,), so small signal voltage gain of MOSFET (M,) is
g

m

(A, ==&, (R 1177,)

(4. <=2, Hi I j || }
g’”l

Hence, the correct option is (D).

Question 52 Network Theory (2M)

The circuit in the figure contains a current source driving a load having an inductor and a resistor in series,

with a shunt capacitor across the load. The ammeter is assumed to have zero resistance. The switch is
closed at time # = 0.
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Switch ~/Ammeter Load
S D s
Current 4 §

source : IOEmH
1A() Shunt =100pF |
capacitor S J :
PS5kQ

<

Initially when the switch is open, the capacitor is dlscharged and ammeter reads zero ampere. After the
switch is closed, the ammeter reading keeps fluctuating for some time till it settles to a final steady value.
The maximum ammeter reading that one will observe after the switch is closed (rounded off to two

decimal places) is A.
Ans. 1.44
Sol.  The given circuit is shown below,
iw/iwh (g T ——
T bl
10 mH
i=1AQ) == 100 pF

When switch is closed and taking Laplace transform of above circuit,
1(s)

0—O

sL
I(s) ——

Given : L=10mH, C =100 pF, R=5 kQ.

Applying current divider rule in the above circuit,

1
I (s)x( )
Io(S)—l—SC

—+R+sL
sC

Ii(s)
LCs> + RCs +1

IO(S)=
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Ii(S)XLlC’
L =—7 1
ST+ s+ ——
L LC
1
I,(s c .
10( ) — .. ()
ACOPEE A
L LC

Equation (i) shows current transfer function, so we can compare denominator of equation (i) with
characteristic equation of second order system s° +2£®, s+ ®. =0, then we get

: 2
) o =—
(1) o, IC
) 1
0)” = -3 —-12
10x107°x100x10
® =+/10" =10° rad/sec
(i) 2tw, =2
e - SO0
10x10
1
=—=0.25
5=

Here £ <1 so system is underdamped system.
(111)Steady state value of i (¢) is,
limi, (1) =i,(c0) = lin(‘)l s1,(s)
t—>e0 5

1
limi, (¢) = i, (o) = lims| —L£& 1 (s)
t—o0 s—0 2 R 1 4
SSH—s+——
L"LC
b
limi, (¢) = i, (e0) = lims| —£C |1
t—o0 s—0 2 R 1 S
S+ st——
L LC

limi, (£) = i, (o) =1

Input /,(s) = 1 is the step function and & <1, so response i,(¢) will be an underdamped response for unit
s

step signal as shown below,
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od
So, peak value of i(?) is,
i(t,)= AK [1+e7™°] ...(ii)
Where, AK = Steady state value of i, ()
AK =ij(e0) =1
Thus, i(t,) =1+ e e ...(1ii1)
cos0=£=0.25

0=cos™'(0.25)=75.52°
cot(75.52°)=0.258
So, equation (ii1) becomes
i(,)=1+ e ™08 =144
Hence, the maximum ammeter reading that one will observe after the switch is closed is1.44.

Question 53 Network Theory (1M)
Consider the circuit shown in the figure.

6 mA
©
1'1'("
4v(x) + )
% 3079 G 2 mA
1 kQ
The value of ¥ (rounded off to 1 decimal place) is V.

Ans. 1
Sol.  Given circuit is shown below,
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Nodal analysis at node ¥,
o+ m4, % +8=0
2V, -10+8=0
2V, =2
V,=1V
Hence, the value of V|, is 1 V.
Question 54 Electromagnetic Theory (2M)

A standard air filled rectangular waveguide with dimensions ¢ =8 cm, b =4 cm operates at 3.4 GHz.

For the dominant mode of wave propagation, the phase velocity of the signal is v, . The value (rounded

off to two decimal places) of v, /¢, where ¢ denotes the velocity of light is
Ans. 1.198
Sol. Given: a=8cm, b=4 cm,

For a standard rectangular waveguide a >b

So, cut-off frequency for dominant mode (7E,,) is

~3x10° _ 30x10’
Je = 38x107  16x107
fo=1.875 GHz

Given operating frequency is, f =3.4 GHz

So, phase velocity in rectangular waveguide,

=1.875x10° Hz

c

0

f
Yoo L 98
C

l_(1.875j2
3.4

VP—
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Hence, the value of v, /¢ is 1.198.
Question 55 Network Theory (2M)
Consider the two port network shown in the figure.
I, 1 1,
c : VAVAVAVA : o
+ +
v, 103 3, 3o 7
o o
The admittance parameters in Siemens, are
(A) Y, -4, Y, =-4,Y,=2 B) ¥, =LY,=-2,Y,=-1Y,=3
© Y, = 25 L=—4Y,=-1LY,=2 D) ¥,=2,%,=-4Y,=-41, =
Ans. C
Sol.  Given circuit is shown below
e B LA
4 21Q <T>3V2 31Q v,

Nodal analysis at node V,

n-n_

—1+1—3V+ 0

L=V =3+ =7
1, =2V -4V,

Compare I, with 1% equation of Y-parameter is,
=YV +1.0,

Thus, Y, =20,Y,=-40

Nodal analysis at node 7,

v, V-V,
- +—2+ 21 L=0
1, =2V, -V,

I, =-V, +2V,

Compare I, with 2" equation of Y-parameter is,
L =Y,V +Y,V,
Thus, Y, =-10,Y,,=20
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Thus admittance parameter of given network is,

a2 4
=, 5

Hence, the correct option is (C).

General Aptitude

Question 56 General Aptitude (1M)
2 2
p and g are positive integers and L. 3, then, p—2+q—2 =
q P q9 P
(A)3 (B)7 ©)9 (D) 11
Ans. B
Sol. Given: 2+94=3
q P

Squaring on both sides, we get

2 2
p_+q_+2£1:9

9 p qp

2 2
p_2+q_2+2:9

g p
P q
?4'?:9—2:7

Hence, the correct option is (B).

Question 57 General Aptitude (1M)
The current population of a city is 11,02,500. If it has been increasing at the rate of 5% per annum, what
was its population 2 years ago?

(A)9, 92,500 (B) 9, 95, 006 (©) 10, 00, 000 (D) 12, 51, 506
Ans. C
Sol. Given:
Current population of city = 1102500
Rate of increment of population = 5% per year
Method 1 :
Let the population of the city 2 years ago be x. As the population has been increasing at the rate of 5%
per annum, so after 2 years x becomes as,
(xx105%)x105% =1102500

><1'L5><1.L5 =1102500
100 100
_1102500x100x100

105x105
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x=10,00,000
Hence, the correct option is (C).
Method 2 :
Suppose 2 years ago population of city was “100”

100

5% inc.

After 1"year EOE'

After 2nd years
i.e. present population

110.25 —— 1102500

105+5.25=110.25

(Suppose population) (Original population)
1= M =10000
110.25

Hence, 2 years ago population was
10010000 =1000000
Hence, the correct option is (C).
Question 58 General Aptitude (2M)

L

Corners are cut from an equilateral triangle to produce a regular convex hexagon as shown in the figure
above.

The ratio of the area of the regular convex hexagon to the area of original equilateral triangle is
(A)2:3 B)3:4 (©)4:5 (D)5:6

Ans. A

Sol.  Given : Equilateral triangle
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Sides of Hexagon formed by an equilateral triangle to the same equilateral triangle

=1:3

The ratio of the area of the regular convex Hexagon (PORSTU) to the area of original equilateral
triangle is

3V3 0B
7(1) -7(3)

=

33 93

2 4
= 2:3
Hence, the correct option is (A).

Question 59 General Aptitude (2M)
Consider a square sheet of side 1 unit. In the first step, it is cut along the main diagonal to get two triangles.
In the next step, one of the cut triangles is revolved about its short edge to from solid cone. The volume

=

of a resulting cone, in a cube units is

T 27 3n
A) — B) — C) — D) 3n
(A) 3 (B) 3 ©) > (D)
Ans. A
Sol.  Given : Square sheet of side 1 unit.
1 Unit
1 Unit 1 Unit
1 Unit

It is cut along the main diagonal to get two triangles
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1 Unit

1 Unit 1 Unit

1 Unit
One of the cut triangle is revolved about its short edge to form solid cone

S~ Reluwit —

1 unit

The volume of cone = %nRzM

The volume of a resulting cone= %n(l)2 = i

Hence, the correct option is (A).
Question 60

General Aptitude (1M)

(D) Future, Present

Nostalgia is to anticipation as is to
Which one of the following options maintains a similar logical relation in the above sentence?
(A) Present, Past (B) Future, Past (C) Past, Future

Ans. (C)

Sol.  Nostalgia : Recollection of a period in the past.
Anticipation : Expectation or prediction to future.

Hence, the correct option is (C).
Question 61

General Aptitude (2M)
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Sunday

Saturday

Friday

Thursday

Wednesday

Tuesday

Monday
0 10 20

30 40 50 60 70 80
By Bx

The number of minutes spent by two Students, X and Y, exercising every day in a given week are shown

in the bar chart above.

The number of days in a given week in which one of the students spent a minimum of 10% more than

the other student, on a given day, is

(A)4 (B)S &6 (D)7
Ans. C
Sol.  According to the given data in question we can formed the table as shown below,
Days Y X % more than the other students
Sunday 65 3155555 100% =18.18%
Saturday 50 001 60250, 100% = 20%
Friday 35 200135220 100% =75%
Thursday 55 607 1 80235 1 00% =9.09%
Wednesday 50 60 60-50 %100% = 20%
Tuesday 65 3189755 009 = 18.18%
Monday 70 811028 100% = 55.55%
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Except Thursday, there are total 6 days in which one of the students spent a minimum of 10% more than
the other student.

Hence, the correct option is (C).

Question 62 General Aptitude (1M)
P
0
The least number of squares that must be added so that the line P-Q become the line of symmetry is
(A)4 (B)3 €6 D)7
Ans. C
Sol.  We have to add six square blocks to make line PQ as a line of symmetry as shown below,
/e
Left ! Right
1
2 :
3
4 5
6
0

Hence, the correct option is (C).

Question 63 General Aptitude (2M)
Computers are ubiquitous. They are used to improve efficiency in almost all fields from agriculture to
space exploration. Artificial intelligence (Al) is currently a hot topic. Al enables computer to learn, given
enough training data. For humans, sitting in front of a computer for long hours can lead health issues.
Which of the following can be deduced from the above passage?

(i) Nowadays computers are present in almost all places.
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dtepe to succeds. .
(i1)) Computers cannot be used for solving problems in engineering.
(ii1) For humans, there are positive and negative effects of using computers.
(iv) Artificial intelligence can be done without data.
(A) (ii) and (iii) (B) (ii) and (iv) (C) (i), (i1) and (iv) (D) (i) and (iii)
Ans. D
Question 64 General Aptitude (2M)

Given below are two statements and two conclusions.

Statement :

Statement 1 : All purple are green.

Statement 2 : All Black are green.

Conclusion :

Conclusion I : Some black are purple

Conclusion II : No black is purple

Based on the above statements and conclusions, which one of the following options is logically

CORRECT?
(A) Only conclusion I is correct. (B) Only conclusion II is correct.
(C) Either conclusion I or II is correct (D) Both conclusion I & II are correct
Ans. C
Sol.  According to the statement and conclusion given in the question we can formed Venn diagram as shown
below,

G
@ 1. can’t say (wrong)
2. can’t say (wrong)

Both the conclusion are wrong by can’t say condition and variable of the conclusion are same. Also one
conclusion is positive and another is negative. Hence they full fill the condition of “either or” case.
Hence, the correct option is (C).
Question 65 General Aptitude (1M)
Consider the following sentences :
(1) I woke up from sleep.
(i) I woked up from sleep.
(ii1) I was woken up from sleep.
(iv) I was wokened up from sleep.
Which of the above sentences are grammatically CORRECT?
(A) (1) and (ii) (B) (1) and (iii) (C) (i1) and (iii) (D) (1) and (iv)
Ans. B
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