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.Technical Section.  

Question 1       Control System (1M)  

 The block diagram of a feedback control system is shown in the figure, 
 

 

 The transfer function ( )
( )

Y s
X s

 of the system is 

 (A) 1 2 1 2

11
G G G G H

G H
+ +

+
   (B) 1 2

1 21
G G
G H G H

+
+ +

 

 (C) 1 2

11
G G

G H
+

+
   (D) 1 2 1 2

1 21
G G G G H

G H G H
+ +
+ +

   

Ans. C 

Sol. Given block diagram is as shown below,  

 
 The signal flow graph is shown below,  

 
 Number of forward paths and its associate path factor is,  
   1 1P G=  1 1Δ =  

   2 2P G=  2 1Δ =  
 Number of individual loops, 
   1 1L G H= −  
 Determinant of SFG  is,  
   1 1 11 ( ) 1 ( ) 1L G H G HΔ = − = − − = +  
 From the Mason’s gain formula the transfer function of this system can be given as  

G2

G1

H

+ + +
X s( ) Y s( )

( )X s

2G

1G

H−

1 11

G2

G1

H

+ + +
X s( ) Y s( )
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   1 1 2 2( )
( )

P PY s
X s

Δ + Δ=
Δ

  

 ∴   1 2

1

( )
( ) 1

G GY s
X s G H

+=
+

 

 Hence, the correct option is (C). 
Question 2      Network Theory (2M) 

 In the circuit shown in figure, the switch is closed at time 0t = , while the capacitor is initially charged to 
– 5V [i.e. (0) 5VCV = − ] 

 
 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  

   (0 ) 5 VCV − = −  

 When switch is closed and circuit is in steady state (i.e. ,t =∞  and capacitor becomes open circuit) So 
circuit becomes as,  

 
(Circuit at steady state i.e. t =∞ ) 

 Apply KCL at node ( )CV ∞  is, 

   ( ) ( ) 5 0
250 250 500
C C RV V V∞ ∞ −+ + =    ( ( )R CV V= ∞ )  

   ( ) ( ) 5 5 ( ) 0
250 250 500
C C CV V V∞ ∞ − − ∞+ + =  

   2 ( ) 2 ( ) 10 5 ( ) 0C C CV V V∞ + ∞ − + − ∞ =  

   3 ( ) 5CV ∞ =  

250 Ω 0.6 Fμ

0t =

+–5 V / 500RV

250 Ω
+ −

RV

( )CV t
+

−

250 �+
–

5V / 500RV

250 �

� �
RV

( )CV � ( )CV �

( )CV �
�

�
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   5( ) V Steady state voltage of capacitor
3CV ∞ = →  

 Now, for calculating time constant ( τ ), first we calculate thR as shown below,  

 
 Apply KCL at node N, 

   1 1 0
250 250 500

RV I−+ + =  

   1 1 1
250 250 500

I −= + +  

   3
500

I =  

 ∴   1 500
3thR

I
= = Ω  

 Thus, time constant, thR Cτ = ×  

   6500 0.6 10
3

−τ = × ×  

   6500 0.2 10 0.1 msec−τ = × × =  

 Apply transient equation for voltage across capacitor is, 

   /( ) ( ) [ (0) ( )] , 0t
C C C CV t V V V e t− τ= ∞ + − ∞ ≥  

   /5 5( ) 5
3 3

t
CV t e− τ = + − −  

 

   /5 20( )
3 3

t
CV t e− τ= −   ...(i) 

 If ( ) 0CV t = , then equations (i) becomes as,   

   /5 200
3 3

te− τ= −  

250 Ω +– 1V/ 500RV

250 Ω
+ −

RV

1V 1V I

1
thR

I
=

N
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   /5 20
3 3

te− τ=   

   /1
4

te− τ=  

   / 0.25te− τ =  

   ln( ) ln(0.25)t e− =
τ

  

   ln(0.25)t = −τ  

   0.1ln(0.25) 0.1386 msect = − =  

 Hence, the correct answer of t is 0.1386 msec. 
Question 3      Analog Electronics (1M) 

 Consider the circuit with an ideal Op-Amp shown in figure, 

 
 Assuming IN CCV V<<  and REF CCV V<< . The condition at which outV  equal to zero is  

 (A) IN REFV V=  (B) 0.5IN REFV V=  (C) 2IN REFV V=  (D) 2IN REFV V= +  

Ans. A 

Sol. Given circuit is shown below, 

 
 According to question, IN CCV V<<  and REF CCV V<<  

 Here, Op-Amp is ideal and -ve feedback is present so virtual ground concept is applicable.  
 So,                             0V V+ −= =   

 Thus applying KCL at node N,  

INV

REFV

R

R FR

CCV+

CCV−

outV

0V

0V0VR RF

R
+VCC

+VCC

V = out 0 VVREF

VIN

N
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   0 00 0IN outREF

F

V VV
R R R
− −++ + =  

   out REF IN

F

V V V
R R

−=  

   [ ]F
out REF IN

RV V V
R

= −  

 According to question, 0outV =  

   [ ]0 F
REF IN

R V V
R

= −  

   0REF INV V− =  

   REF INV V=  

 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 INV  of 20 ms  duration is applied to the 
input. The capacitors are initially uncharged.  

 
 The output voltage outV  of this circuit at 0t +=  (in integer) is ______ V. 
Ans. –12 

Sol. The given circuit is shown below, 

 
 Above figure can be redrawn as 

0 V

t = 0 t = 20 ms
+

–

10 k�

12 V�

outV

12 V�

INV

1 F�

1 F�

5 V

0V

5V

t = 0 t = 20 ms

Vout 
1 Fμ

1 Fμ

VIN

10 kΩ

Both capacitor is in parallel form

sat 12 VV+ = +

sat 12 VV− = −
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 According to transient theory, at 0 ,t +=  capacitor will be short circuit, so above circuit becomes as, 

 
 From above circuit it is clear that,  
   5 VINV V− = = +   
   0 VV+ =  
 Here,  V V− +≠   
 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, out satV V= −   
 12VoutV = −   

 Hence, the output voltage outV  of this circuit at 0t += is 12V.−  
 
Question 5      Analog Electronics (1M) 

 For the circuit with an ideal Op-Amp shown in the figure. REFV  is fixed. 

 

sat 12VV+ = +

sat 12VV− = −

Vout 

2 Fμ
VIN

10 kΩ

Vout VIN = 5 V

10 kΩ

S.C. V−

V+

sat 12 VV+ = +

sat 12 VV− = −

FR

outV

inR

1R
2RrefV

inV

12V+

12V− 100LR = Ω
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 If 1 voltoutV = , for 0.1 voltinV =  and 6 voltoutV = , for 1 voltinV = .  Where outV  is measured across LR  

load connected at the output of this Op-Amp, the value of F

in

R
R

 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, 

 
 Given :  
  (i) 1 VoutV =  when 0.1 VinV =  

  (ii) 6 VoutV =  when 1 VinV =  

 By voltage divider rule, voltage at non-inverting terminal can be found as 

 

 Thus, ref
RV V

R R+
 =  + 

 

  
2
refV

V+ =  

 Here virtual ground concept is applicable because –ve feedback is present and op-amp is ideal so due to 
virtual ground concept,  

  
2
refV

V V− += =  

 Applying KCL at V− , 

  0in out

in F

V V V V
R R

− −− −+ =  

Vout

0A

R

R

refV

inR

0A

FR

inV
V+

V−

12 V+

12 V−

+
– RV+

+

–

R

refV

0 A
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  2 2 0
ref ref

in out

in F

V V
V V

R R

− −
+ =  

  1 1
2
ref in out

in F in F

V V V
R R R R
 

+ − = 
 

 

  
2
ref in F in out

in F in F

V R R V V
R R R R

 + − = 
 

 

  1
2
ref F F

in out
in in

V R R V V
R R

   
+ − =  

   
   …(i) 

 Condition 1 : If 1 VoutV =  when 0.1 VinV =  then equation (i) becomes as 

  1 (0.1) 1
2
ref F F

in in

V R R
R R

   
+ − =  

   
   …(ii) 

 Condition 2 : If 6 VoutV =  when  1 VinV =  then equation (ii) becomes as 

  1 (1) 6
2
ref F F

in in

V R R
R R

   
+ − =  

   
   …(iii) 

 Assume 1
2
ref F

in

V R x
R

 
+ = 

 
, then subtracting equation (iii) from (ii) then,  

  0.1 1 1 6F F

in in

R Rx x
R R

   
− − − = −   

   
 

  0.9 5F

in

R
R

= −  

   5 5.55
0.9

F

in

R
R

= − = −  

 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 FE  is constant) is shown in the figure. The valance band VE  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 Δ.  
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 If the charge of an electron is q then the magnitude of the electric field developed inside this semiconductor 

bar is 

 (A) 
qL
Δ

 (B) 
2
qL
Δ

 (C) 
2qL
Δ

  (D) 
3
2qL
Δ

 

Ans. A 

Sol. From questions it is clear that, change in energy level / difference in energy level of CE  and VE  is Δ . 

 

   dVE
dx

= −  

    CE qV= −  

   1 CdEE
q dx

= +       … (i) 

 CdE →  Change in energy level = Δ  

 dx →  Length of bar L=  
 Hence, equation (i) becomes as 

   E
qL
+Δ=  

 Hence, the correct option is (A). 
Question 7      Electronic Devices (1M) 

 A bar of silicon is doped with boron concentration of 1016 cm-3 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 
1020 cm-3 s-1. If the recombination lifetime is 100 μs and intrinsic carrier concentration of silicon is 1010 

FE

Z L=0Z =

VE

Δ

p-type

Z L=0Z =

E

Δ
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cm-3 and assuming 100% ionization of boron, then the approximate product of steady-state electron and 
hole concentration due to this light exposure is 

 (A) 20 610 cm−  (B) 20 62 10 cm−×  (C) 32 610 cm−  (D) 32 62 10 cm−×  
Ans. D 

Sol. Given :  
 Boron concentration 16 310 cmAN −=  

 So,  
0

16 310 cmA pN p −= =  

 Generation Rate 20 -3 -110 cm spG =   
 Recombination life time 100 secpτ = μ   
 Intrinsic carrier concentration 10 -310 cmin =  
 Using mass action law under thermal equilibrium 

   
0

0

2 2 10 2

16
(10 )
10

i i
p

p A

n nn
p N

= = =  

   
0

4 310 cmpn −= →  under no light exposed. 

  So minority carrier concentration 
0pn when light is not exposed is 4 -310 cm   

 When light exposed,  

 
 So after exposing light, excess carrier concentration is  
  n pΔ = Δ   
 So, generation rate pG  is  

 p
p

pG Δ=
τ

  

 2010 100μsecp pp GΔ = ×τ = ×  

   16 310 cmp −Δ =  

   16 310 cmn −Δ =  
 So after exposing light, under equilibrium, 
 1. Electrons concentration :  
   

0pn n+ Δ 4 16 3(10 10 )cm−= + 16 310 cm−≅  

 2. Hole concentration :  

Light exposed

Silicon Bar
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0p pp + Δ 16 16 3(10 10 )cm−= + 16 32 10 cm−= ×  

 Thus, product of hole concentration and electron concentration after exposing the light is    
   

0 0

16 16( )( ) 10 2 10p n p pn p+ Δ + Δ = × × 32 62 10 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 16 35 10 cm−×  and doping in the 
N region is 16 310 10 cm−× . The parameters given are  

  Built in voltage ( ) 0.8 Vbiφ =  

  Electron charge 19( ) 1.6 10 Cq −= ×  

  Vacuum permittivity 12
0( ) 8.85 10 F/m−ε = ×  

  Relative permittivity of silicon ( ) 12siε =  

 
 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________ V. 
Ans. 107.67 

Sol. Given:  
 Doping in P-region 16 -35 10 cmAN = ×  

  Doping in N-region 17 -310 cmDN =  

 Built in voltage ( ) 0.8 Vbiφ =  

 Electron charge 19( ) 1.6 10 Cq −= ×  

 Vacuum permittivity 12
0( ) 8.85 10 F/m−ε = ×  

 Relative permittivity of silicon ( ) 12siε =  

 Given p-n junction is shown below, 

 

 So width of depletion region, n pW X X= +   

 From charge equality concept,  

0.2 mμ1.2 mμ

P N

0.2 mμ1.2 mμ

P N
17 310 /cmDN =

16 35 10 /cmAN = ×

pX nX
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  . .n D p AX N X N=  

  ( ).n D n AX N W X N= −  

  ( ) .n D A AX N N W N+ =   

  
16

16 16
5 10

(5 10 ) (10 10 )
A

n
A D

WN WX
N N

× ×= =
+ × + ×

 

  
16

16
(5 10 )

15 10 3n
W WX × ×= =

×
 

 So, 
3p n

WX W X W= − = −   

  2 W
3pX =  

 Suppose when N-is depleted completely, during reverse bias so,  
   0.2 mnX = μ  

 ∴   3 0.6 mnW X= = μ  

   2 1.2 0.4 m
3 3pX W= × = = μ  

i.e. when N is depleted completely (i.e. 0.2 mμ ) then and only then P side is depleted only by 0.4 mμ  
only. Thus  

   
0.2 m

0.6 m
nX

W
= μ 

→= μ 
 (N region depleted completely)  

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

   02 ( ) 1 1R

A D

V VW
q N N

ε +  = + 
 

 

   2 02 ( ) 1 1R

A D

V VW
q N N

ε +  = + 
 

 

   
14

6 2
019 16 16

2 12 8.85 10 1 1(0.6 10 100) ( )
1.6 10 5 10 10 10 RV V

−
−

−

× × ×  × × = + + × × × 
 

   4 2 10
0(0.6 10 ) 3.9825 10 ( )RV V− −× = × +  

   0 9.0395RV V+ =  

   09.0395RV V= −  

   9.0395 0.8RV = −  
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   8.2395 V 8.24 VRV = ≈  

 Thus, the magnitude of reverse bias voltage that would completely deplete N region is 8.24 V. 
Hence, the correct answer for RV  is 8.24 V . 

Question 9      Control Systems (2M) 
 The electrical system shown in figure, converts input source current ( )si t  to output voltage 0 ( )V t . 

 
 Current ( )Li t  in the inductor and voltage ( )CV t  across the capacitor are taken as the state variables, both 

assumed to be initially equal to zero i.e. (0) 0Li =  and (0) 0CV = . 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, 

 
 Assume,  1( )Li t x=  → First state variable  

   2( )CV t x=  → Second state variable 

   ( )si t u=   → Input of system  

 and  0( )V t y=  → Output of system 

 Apply KCL at node N, 

( )si t 1 �1 F( )CV t

( )Li t

1 �

1H
0 ( )V t

�

�

( )si t 1 Ω1 F( )CV t

( )Li t

1 Ω
1H

0 ( )V t

+

−

( )si t ( )si t

( ) ( )s Li t i t−

N
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   ( )( ) ( )
1

C
s C

V tdi t V t
dt

= +  

   2 2
du x x
dt

= +  

   2 2u x x= +  

   2 2x x u= − +        …(i) 

 KVL in the loop between inductor and resistor, 

   ( ) ( ) ( )s L L
di t i t i t
dt

− =  

   1 1
du x x
dt

− =  

   1 1u x x− =   

   1 1x x u= − +        …(ii) 

 Output, 0 ( ) ( )CV t V t=  

   2y x=         …(iii) 

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

   1 1

2 2

1 0 1
0 1 1

x x
u

x x
−      

= +      −      




 

   1

2

[0 1]
x

y
x
 

=  
 

 

 Thus matrices A, B, and C are,  

   
1 0 1

,
0 1 1

A B
−   

= =   −   
 and [ ]0 1C =  

   
1 0 1 1

0 1 1 1
AB

− −     
= =     − −     

 

 Condition of controllability, 
 ∴   [ ][ ]CQ B AB=  

   
1 1

[ ]
1 1CQ

− 
=  − 

 

 ∴   1 1 0CQ = − + =  

 Thus, system is uncontrollable. 
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1 0 0 0

0 1 1 1
T TA C

−     
= =     − −     

 

 Condition of observability, 

   0[ ] T T TQ C A C =    

   0

0 0
[ ]

1 1
Q  

=  − 
 

   0 0Q =  

 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 ( , ) 6 dBdG θ φ =  

 Radiation power 16 kWradP =   

 Distance 8kmr =   

 Directive gain ( ) 6 10logd dG dB G= =  

  0.610 3.981dG = =   

 So maximum electric field amplitude in free space at distance r from antenna is, 

  
3

2 3 2max

120 3.981 16 10 0.2443V/m
2 2 (8 10 )
d rad

s
G PE

r
π× × × = η = = π π × 

 

 Hence, the correct answer for maxsE  is 0.2443V/m . 

Question 11     Electromagnetic Theory (2M) 

 For a vector field 2 2 2ˆ ˆcos sinz φ= ρ φ + φρD a a


 in a cylindrical coordinate system ( , , )zρ φ  with unit vector 

 ,a aρ φ  and  za , the net flux of D


 leaving the closed surface of the cylinder ( 3,0 2)zρ= ≤ ≤ (Round off to 
2 decimal places) is ______.  

Ans. 56.548 

Sol. Given : 2 2 2ˆ ˆcos sinz φ= ρ φ + φρD a a


  

 Cylinder ( 3,0 2)zρ= ≤ ≤  is shown below, 
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 From this given cylinder,  
  3m, 0 to 2 m, 0 2z toρ = = φ = π    

 Shaded portion shows closed surface of cylinder and unit vector that is perpendicular this surface is aρ  
thus, net flux (ψ ) leaving the closed surface of cylinder is  

   
2 2

2 2 2

0 0

ˆ ˆ ˆ. ( cos sin ) ( )
z

d z d dz
π

φ ρ
φ= =

ψ = = ρ φ + φ ⋅ ρ φ   ρD s a a a
 

 

   
2 2

2 2

0 0 3

cos
z

d dz
π

φ= = ρ=

ψ = ρ φ φ      (    . 1 and . 0)a a a aρ ρ ρ φ= =   

   2 23 (2 0)
2
πψ = × − × 18 C= π  

   18 56.548 Cψ= π=  
 Hence, total flux ψ  living closed surface of the given cylinder as 56.548 C. 
Question 12     Electromagnetic Theory (1M) 

 The vector function ˆ ˆF(r) xi yj= − +  is defined over a circular are C shown in the figure, 

 

 The line integral of F(r) r
C

d⋅  is  

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

Sol. Given : ˆ ˆxi yj= − +F(r)  

z

x

y

2z =

3ρ =

ρa

450

C

1

ĵ

î
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 So,  ˆ ˆ ˆ ˆ( ).( )
C C

d xi yj dx i dy j= − + + F(r) r  

   ( . . )
C C

d x dx y dy= − + F(r) r      … (i)  ( )ˆ ˆ ˆ ˆ. . 1i i j j= =   

    

 
 Assume, cos , sinx r y r= θ = θ 

   1r =  
   cosx = θ  and siny = θ  

 Here, θ , Variation from 0 to 045 . 
 Put cos , sinx y= θ = θ  
  sindx d= − θ θ   
  cosdy d= θ θ  
 Thus equation (i) becomes as 

   
/4

0

cos ( sin ) sin (cos )
C

d d d
π

θ=

= − θ − θ θ + θ θ θ F(r) r  

   
/4

0

(cos sin sin cos )
C

d d
π

θ=

= θ θ+ θ θ θ F(r) r  

   
C

d =F(r) r
4/4

00

cos 2sin 2
2

d
π/π

θ=

− θ θ θ =     

   
C

d =F(r) r 1 1cos cos0 ( 1)
2 2 2
− π − − = −  

 

   
C

d =F(r) r 1
2

 

 Hence, the correct option is (A). 
Question 13     Electromagnetic Theory (1M) 

450

C

1

ĵ

1r =

( )090θ =

( )00θ =î
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 Consider the vector field 1ˆ ˆ ˆ(4 ) (4 2 ) (2 )x y zF a a ay c z x z y z= − + + + +  in a rectangular coordinate system 

( , , )x y z  with unit vectors ˆ ˆ ˆx y za ,a ,a .  If the field F is irrotational (conservative), then the constant 1c  (in 
integer) is ______. 

Ans. 0 

Sol. Given : 1ˆ ˆ ˆ(4 ) (4 2 ) (2 )x y zF a a ay c z x z y z= − + + + +  

 Here, 14 , 4 2 , 2 ,x y zF y c z F x z F y z= − = − = +   

 For a vector field to be irrotational its curl must be zero, 
 i.e.   0F∇× =  

   

ˆ ˆ ˆ

0

x y z

x y z

a a a

x y z
F F F

∂ ∂ ∂ =
∂ ∂ ∂

 

   

1

ˆ ˆ ˆ

0

4 4 2 2

x y za a a

x y z
y c z x z y z

∂ ∂ ∂ =
∂ ∂ ∂
− + +

 

   1ˆ ˆ ˆ[2 2] [0 ] [4 4] 0x y za a c a− − + + − =  

   1ˆ ˆ ˆ0 0 0x y za c a a− + =  

   1 ˆ 0yc a− =  

 It shows ˆ 0ya ≠  because it is unit vector.  

 Thus, 1 0c =  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 1 1.50n =  
  Refractive index of cladding 2 1.48n =  
 According to the definition of critical propagation angle given in statement of question, 1θ , which is made 

with optical fiber axis and leads total internal reflection (TIR) in optical fiber cable, so we can calculate 
1θ  as,  
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 Here, Acceptance angleAθ =  

  Critical angleCθ =  

  1θ =Critical propagation angle  

  
2

2

1

cos 1C
n
n

 
θ = −  

 
 

 Where, 1n = refractive index of core = 1.5 

  2n =  refractive index of cladding = 1.48 

  
21.48cos 1

1.50C
 θ = −   

 

  1cos [0.1627]C
−θ =  

  080.636Cθ =  

 
 
 So, from triangle ABC,  
  0 0 0

1 90 90 (80.636 )Cθ = − θ = −  
  0

1 9.36θ =        Ans. 
Hence, the value of critical propagation angle that leads total internal reflection in optical fiber is 09.36  

Question 15     Electromagnetic Theory (1M) 

Cladding ( )n2

θA

θ1

θC

A

Core ( )n1

Cladding ( )n2

Fiber 
axis

Incident 
ray

Cladding ( )n2

θA

θ1

θC Core ( )n1

Cladding ( )n2

Fiber 
axis

A

BC
900
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 Consider a rectangular coordinate system ( , , )x y z  with unit vector x ya ,a  and za . A plane wave travelling 
in the region 0z ≥  with electric field vector 8 ˆ10cos (2 10 ) yE at z= × +β  is incident normally on the plane 
at 0,z =  where β  is the phase constant. The region 0z ≥  is in free space and the region 0z <  is filled 
with a lossless medium (permittivity 0ε = ε  permeability 04 ,μ = μ  where 12

0 8.85 10 F/m−ε = ×  and 
7

0 4 10 H/m−μ = π× ). The value of reflection coefficient is  

 (A) 1
3

 (B) 3
5

 (C) 2
5

 (D)  2
3

 

Ans. A 

Sol. Given : Medium 1 ( )0z ≥   
 (i) Medium 1 is free space.  
 (ii) 1 0 1 0,μ = μ ε = ε    
 (iii) 8

1 ˆ10cos (2 10 )t z= × +β yE a  
 (iv) ( )8

12 10 rad/sec, E 10 V/m
m

ω = × =   

 (v) 1
1

1

μη =
ε

 

 Medium 2 ( )0z <   
 (i) Medium 2 is lossless 
 (ii) 2 0 2 04 ,μ = μ ε = ε    

 (iii) 2
2

2

μη =
ε

 

 

 
 Reflection coefficient 2 1

2 1

( ) η −ηΓ =
η + η

 

   Γ
2 1

2 1

2 1

2 1

μ μ−
ε ε

=
μ μ+
ε ε

 

 Since, 2 1ε = ε   

0z ≥0z <
Medium 2 Medium 1

0z =

EM Wave

z

EM Wave
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   Γ 2 1

2 1

μ − μ
=

μ + μ
 

   Γ 0 0

0 0

4
4
μ − μ

=
μ + μ

 

   Γ 4 1 1
34 1

−= =
+

 

 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 
impedance 0 50Z = Ω  with a load impedance LZ . A quarter-wave line having a characteristic impedance 

1 75Z = Ω  is connected to LZ . Two stubs having characteristic impedance of 75 Ω  each are connected 
to this quarter-wave line. One is a short-circuited (S.C.) stub of length 0.25λ  connected across PS and the 
other one is an open-circuited (O.C.) stub of length 0.5λ  connected across QR. 

 
 The impedance matching is achieved when the real part of LZ  is  

 (A) 112.5 Ω  (B) 75.0 Ω  (B) 50.0 Ω  (D) 33.3 Ω  

Ans. A 

Sol. Given :  
 Lossless line characteristic impedance 0 50Z = Ω   

 Open circuit stub characteristic impedance ( )1 75
oc

Z = Ω   

 Short circuit stub characteristic impedance ( )1 75
sc

Z = Ω  

 Method 1 : 
 The given arrangement of transmission line is shown below, 

LZ

0.25λ

0 50Z = Ω

0.2
5λ 1 75Z = Ω

0.5
λ

Z
 = 

75
 

1

Ω
O.C

.  s
tub

.

Z  =
 75

 
1

Ω
S.C

. s
tub

.

P

RS

Q
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 Here, ( ) ( )1L LLine oc

Z Z
−
= = ∞  

 ( ) ( )3 0L LLine sc
Z Z

−
= =   

 Input Impedance of 
2
λ  long line-1, 

   ( )Line-1
Line-12in LZ l Zλ = = = ∞→  

open circuit 

 Thus total impedance at terminal QR is,  

   ( )Line-1|| || ZQR L in L LZ Z Z Z= = ∞ =  

 Now arrangement of Transmission Line becomes as,  

 
 Thus Input Impedance of line 2 is, 

   
2 2

0

Line-2

75
4in

L L

ZZ l
Z Z

λ = = =  
 

 Input Impedance of Line 3 is, 

   ( )
2 2

0

Line-3 3

75
4 0in

L Line

ZZ l
Z

−

λ = = = = ∞  
 

 Thus total impedance at terminal PS is, 

   ( ) ( )2 3||PS in inLine Line
Z Z Z

− −
=  

LZ

0.25λ

0 50Z = Ω

0.2
5λ 0 75Z = Ω

0.5
λ

Line - 2

Li
ne

 - 1

Z
 = 

75
 

0

Ω
O.C

.  s
tub

.

Z  = 
75

 
0

Ω
S.C

. s
tub

.
Line

 - 3

P Q

RS

Main transmission
line 

LZ

0.25λ

0 50Z = Ω

0.2
5λ 0 75Z = Ω
Line - 2

Z  = 
75

 
0

Ω
S.C

. s
tub

.
Line

 - 3

P Q

R
S

Main transmission
line 

(Z
 =

 0)
L
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2 275 75||PS

L L

Z
Z Z

 
= ∞ =  

 
 

 Now Transmission Line arrangement becomes as- 

 
 Hence PSZ  work as load for main Transmission line. 

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

   PS oZ Z=  

   
275 50

LZ
= 

275 112.5
50LZ = = Ω  

 Hence, the correct option is (A)   
 Method 2 : 
 From given arrangement, it is clear that, 

   ( )
1

12 Line
in L

Line

Z l Z
−

−

λ = = = ∞  
 

   ( )
2 2
0 0

3 34 0in
Line L Line

Z ZZ l
Z− −

λ = = = = ∞  
 

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

 

 
 Thus Input Impedance at terminal PS is, 

    ( )
2 2

0 75
in PS

L L

ZZ
Z Z

= = Ω  

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

275
PS

L

Z
Z

=
0 50Z = Ω

Main transmission line 

LZ

0.25λ

0 50Z = Ω 0 75Z = Ω

P Q

S

Main transmission
line 

( )inZ PS

R
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Hence ( )in PS

Z  work as load for main Transmission line so the condition, for matching the main 
Transmission line with load ( )in PS

Z  is  

   ( ) 0in PS
Z Z=  

   
275 50

LZ
=   

   
275 112.5

50LZ = = Ω  

 Hence, the correct option is (A) 
Question 17      Network Theory (1M) 
 Consider the circuit shown in figure. 

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

_______.  
Ans. 0.5 

Sol. Given circuit is shown below, 

 
 Re-arrange the above circuit as shown below,  

( ) Loadin PS
Z =

0 50Z = Ω

Main transmission line P

S

3Ω 2Ω

6Ω 2Ω

5Α

Q
P

7Ω

I

A

A

P Q

2Ω

6Ω

5 A

I

2Ω

3Ω

7Ω
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 Now above circuit reduces as, 

 
 Above circuit can be re-arranged as, 

 
 Apply current divider rule  

    5 1 5 0.5A
1 9 10

I ×= = =
+

 

Hence, the correct answer is 0.5 A. 
Question 18     Control Systems (1M) 
 The complete Nyquist plot of the open loop transfer function ( ) ( )G s H s  of a feedback control system 

shown in figure, 

5 A

2Ω3Ω
Q

A

P

7Ω

2Ω6Ω

I

A

Parallel form of
3 || 6 = 2 Ω Parallel form of

2 || 2 = 1 Ω

5 A

1Ω2Ω
Q

A
P

7Ω

I

9Ω1Ω5 A

A

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

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

Sol. Given Nyquist plot of G(s)H(s) is shown below 

 
 Case 1 :  
 Here, G(s)H(s) has one zero in the right half of s-plane i.e. 1Z = . 
 According to principle of argument 
  N P Z= −  (Anti clockwise direction)  …(i) 
 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, 2N = −  (anti clockwise direction) 
  1Z =  
 From equation (i) 

Re GH

j GHIm 

G s H s( ) ( ) - plane

( 1, 0)j−

0

Re GH

j GHIm 

G s H s( ) ( ) - plane

( 1, 0)j−

0
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  2 1P− = −  
  P = –1    …(ii) 
 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)  …(iii) 
 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, 2N =  (Clockwise direction) 
  1Z =  
 From equation (iii) 
  2 1P= −  
  P = 3    …(iv) 
 According to Nyquist stability criteria 
  N P Z= − (Anti clockwise direction)  …(v) 
 Where, N = Number of encirclements about ( 1 0 )j− +  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 )j− +  is  
  1 1 0N = − =  
 Using equation (v) 
  0 P Z= −  
  Z P=  
  3Z =   
 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, 8,n =  
 Full scale voltage, 7.68FSV =  
 Digital input decimal

2 10(10010110) (150)= ⎯⎯⎯→  

 
 Thus, analog output from 8 bit unipolar DAC is,  

DAC
8-bit
input Output
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  out (Resolution) (Decimal equivalent of digital input)V = ×  

  out 8
7.68150 150 4.517 Volt

2 1 2 1
FS

n

VV    = × = × =  − −  
 

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. 

 
 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) 3 ns (B) 5 ns (C) 6 ns (D) 7 ns 
Ans. C 
Sol. Given :   
 Delay of XOR ate = 4nsg   
 Delay of AND gate 2ns=   
 Delay of MUX 1ns=  
 Case 1 : 
 Assuming 0T =  then selection line of MUX 0 0S = , so that MUX input ‘0’ get enable so path followed 

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

 

MUX

0

1
MUX

0

1

0S

0S

P

Q

R

S

T

Y

MUX
2 1×
(2)

0

1
MUX
2 1×
(1)

0

1

0S

0S

P

Q

R

S

0T =

Y

Case 1
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 So total propagation delay 1τ  from input to output is,  

 ( ) ( )1 Propagation delay of AND gate Propagation delay of MUX-2τ = +   

 1 2 1 3ns ns nsτ = + =   

 Hence MUX input '0 '  get enable then propagation delay of given circuit 1 3nsτ =  

 Case 2 : 
 Assuming 1T =  then selection line of MUX is 0 1S = , so that MUX input ‘1’ get enable so path 

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

 
 So total propagation delay 2τ  from input to output is,  

 
( ) ( )

( ) ( )
2 Propagation delay of AND gate Propagation delay of MUX-1
Propagation delay of AND gate Propagation delay of MUX-2

 
 
τ = + +

+
  

 2 2 1 2 1 6ns ns ns ns nsτ = + + + =   

 Hence MUX input '1'  get enable then propagation delay of given circuit 2 6nsτ =  

 Hence maximum delay of circuit is ( )1 2MAX ,τ τ ( )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. 

MUX
2 1×
(2)

0

1
MUX
2 1×
(1)

0

1

0S

0S

P

Q

R

S

1T =

Y

Case 2
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 Starting from the initial value of the flip-flop outputs 2Q , 1Q , 0Q = 111 with 2 1D = , the minimum number 

of triggering clock edges after which the flip-flop outputs 2Q , 1Q , 0Q  becomes 100 (in integer) is_____ 

Ans. 5 

Sol. 

 Given: 
 Delay of XOR gate 3pd nsτ =   
 Initially 2 1 0 111Q Q Q =   
 Initially  2 1D =  
 Frequency of clock f = 500MHz 

 Time period of clock 1 1 2
500clockT

f
= = = ns. 

 
 

 
 

  
 
 

 The numbers of clock’s to get 2 1 0 100Q Q Q =  is shown below,  

CLK

D2 D1 D0

Q1Q2

Q0Q2 Q1 Q0

3nspdτ =

2D

2FF 1FF 0FF

2Q 1Q

0Q

CLK

2Q 1D 1Q 0D 0Q



 
 

 

GATE 2021  [Afternoon Session]
Electronics & Communication Engineering 

PAGE 

31 

 
 
 The minimum number of triggering clock edges after which the flip-flop output 2Q 1Q 0Q  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. 

 
 The value of ( )d V t

dt
 at 0t +=  is,  

 (A) 0 V/sec (B) 3 V/sec (C) – 3 V/sec (D) – 5 V/sec 
Ans. C 
Sol. Given circuit is shown below, 

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

0ns
CLK

1ns 2ns 3ns 4ns 5ns 6ns 7ns 8ns 9ns 10ns

1 1

1 1 1 0 0 1

1 1 1 1 0 0

1 1 1 1 1 0

1 2 3 4 5

D2

Q2

Q1

Q0

TCLK

5 kΩ

1mF
+–20 V ( )V t

5 kΩ

20 kΩ

0t =

+
−

10 kΩ

0.1 mH

Q

P

+–20 V 20 kΩ
10kΩ

+

–

5 kΩ

0.1 mH

5kΩ

1 mF( )V t

P

Q

0t =
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  Switch is at position P , inductor behaves as short circuit and capacitor behaves as open circuit. So 
circuit becomes as, 

 
 Apply KVL in loop shown by dotted line,  

   20 5 (0 ) 5 (0 ) 10 (0 ) 0L L Li i i− − −− × − × − × =  

    20(0 )
5 5 10Li

− =
+ +

 

    (0 ) 1mALi
− =  

 So voltage (0 )CV −  is  

    (0 ) 10 (0 )C LV i− −= ×  

    (0 ) 10 1CV − = ×  

    (0 ) 10 VCV − =  

 Thus current and voltage across inductor and capacitor at 0t +=  is, 

    (0 ) (0 ) 1mAL Li i− += =  

    (0 ) (0 ) 10VC CV V− += =  

 (ii)  At t 0+= : 
 Switch is at position Q  and Inductor is replaced by a current source with initial value (0 )Li

+  and 

capacitor is replaced by voltage source with initial value (0 )CV +  so circuit becomes as, 

 
 Apply nodal analysis at node A, 

    10 (0 ) 1 0
5 Ci

++ + =  

    2 (0 ) 1 0Ci
++ + =  

+–20 V 20 kΩ

10 kΩ

(0 )Li
−

+

–
(0 ) (0 )cV V− −=

5kΩ5 kΩ P

20 V 20 kΩ

10 kΩ

5 kΩ5 kΩ P A

1 mA

10 V

(0 )Ci
+

Q

(0 )CV + =

(0 )Li
+
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    (0 ) 3mACi
+ = −  

 So voltage across capacitor at 0t +=  is, 

    (0 ) (0 )C C
di C V
dt

+ +=  

    (0 )(0 ) C
C

id V
dt C

+
+ = 3 3 V/ sec

1
−= = −  

 Hence, the correct option is (C). 
Question 23        Computer Organization (2M) 

 The content of the registers are 1 25 H,R =  2 30HR =  and 3 40HR = . The following machine instructions 
are executed  

  PUSH { }1R  

  PUSH { }2R  

  PUSH { }3R  

  POP { }1R  

  POP { }2R  

  POP { }3R  

 After execution, the content of registers 1 2 3, ,R R R are 

 (A) 1 40 HR = , 2 30 HR = , 3 25 HR =  (B) 1 25 HR = , 2 30 HR = , 3 40 HR =  

 (C) 1 30 HR = , 2 40 HR = , 3 25 HR =  (D) 1 40 HR = , 2 25 HR = , 3 30 HR =  

Ans. A 

Sol. Given : 1 25HR = , 2 30HR = , 3 40HR =  

  PUSH { }1R  

  PUSH { }2R  

  PUSH { }3R  

  POP { }1R  

  POP { }2R  

  POP { }3R  
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 Hence, 1 40HR = , 2 30HR = , 3 25HR =  

 Hence, the correct option is (A). 
Question 24     Signals & Systems (2M) 

 The exponential Fourier series representation of continuous time periodic signal ( )x t  is defined as  

   0( ) jk t
k

k
x t a e

∞
ω

=−∞

=    

 where 0ω  is the fundamental angular frequency of ( )x t  and the coefficient of series are ka . 

 The following information is given about ( )x t  and ka . 

 (i) ( )x t  is real and even having fundamental period of 6 sec. 

 (ii) Average value of ( )x t  is 2. 

 (iii) 
, 1 3

0, 3k

k k
a

k
≤ ≤

=  >
 

 The average power of the signal ( )x t  (round of one decimal place) is _______. 

Ans. 32 

Sol. Given :  

 0( ) jk t
k

k
x t a e

∞
ω

=∞

=   

(i) ( )x t  is real and even with 6T =  sec 

(ii) Average value of ( )x t =2 

(iii)
, 1 3

{........1,2,3}
0, 3k k

k k
a a

k
≤ ≤

=  = >
 

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

 i.e. *
k ka a=  and k ka a− =  

1R

2R
2 2R R=

3R
3 1R R=

3R
2R
1R

3R
2R
1R

1 3R R=



 
 

 

GATE 2021  [Afternoon Session]
Electronics & Communication Engineering 

PAGE 

35 

 so if 1 1 11 1a a a−=  = =  

  2 2 22 2a a a−=  = =  

  3 3 33 3a a a−=  = =  

  0ka =  for 3k >  

  0ka− =  for 3k < −  

 Also, given that average value of ( )x t  

 i.e.   0
0

1 ( ) 2
T

x t dt a
T

= =  

 So, the complete set of Fourier series coefficients is given as 
   3 2 1 0 1 2 3{3,2,1,2,1,2,3} { , , , , , , }xa a a a a a a a− − −

↑
= =  

 Using Parseval’s theorem, average power of ( )x t is given as  

   2 2

0

1 ( )
T

x k
k

P x t dt a
T

∞

=−∞

= =   

   2 2 2 2 2 2 2(3) (2) (1) (2) (1) (2) (3)xP = + + + + + +  

   9 4 1 4 1 4 9xP = + + + + + +  

   32 WxP =  

 Hence, the average power of signal ( ) 32 Wx t is  

Question 25     Signals & Systems (1M) 

 Consider a real-valued base-band signal ( )x t , band limited to 10 kHz. The Nyquist rate for the signal 

( ) ( ) 1
2
ty t x t x  = ⋅ + 

 
 is  

 (A) 15 kHz (B) 30 kHz (C) 60 kHz (D) 20 kHz 
Ans. B 

Sol. Given :  
 ( )x t  is band limited to 10 kHz 

 1( ) ( ) 1 ( ) ( 2)
2 2
ty t x t x x t x t   = ⋅ + = ⋅ +      

 

 Method 1 : 
 Assuming magnitude spectrum of x(t) is shown below,   
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 Let  F.T.( ) ( )x t X f←⎯⎯→  

   F.T. 2
1 1( ) ( 1) ( ) ( )j fx t x t e X f X fπ= + ←⎯⎯→ =  

 Magnitude spectrum of 1( )x t ,  
   1( ) ( )X f X f=     

 

   F.T. 2
2 1 2( ) 1 2 (2 ) ( )

2 2
j ft tx t x x e X f X fπ   = = + ←⎯⎯→ =   

   
 

 Magnitude spectrum of 2 ( )x t ,  
   2 ( ) 2 (2 )X f X f=  

 
 

 Thus applying the property of convolution, 
   F.T.

2 2( ) ( ) ( ) ( ) ( ) ( )y t x t x t Y f X f X f= ⋅ ←⎯⎯→ = ⊗   

 
 

 So that spercturm of Y(f) is shown below, 

( )X f

10� 100
( )x t f (kHz)

F.T

1( ) ( )X f X f�

10� 10

F.T

1( )x t �		
 (kHz)f
0

2 ( )X f

5� 50
F.T

2 ( ) 1
2

t
x t x

� �� � �		

 �
� �

f (kHz)

F.T.1
( ) ( ). 1

2
y t x t x

� �� � �		

 �
� � 10� 100

2 ( )X f

5� 50

( )X f

f (kHz) f (kHz)

�
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 Bandwidth (BW) of ( ) 15 kHzy t =  
 So, the nyquist rate of ( ) 2 15y t = × 30 kHz=  
 Hence, the correct option is (B). 
 Method 2 : 

 Given : ( ) ( ) 1
2
ty t x t x = ⋅ + 

 
 

 Where maximum frequency component of x(t) is 
1

10kHzmf =  

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

( )Y ω  will be the convolution of individual transforms of multiplied signals.  

 Let, 11 ( )
2
tx x t + = 

 
 

   1( ) ( ). ( )y t x t x t=  

   1 1
1( ) ( ) ( ) ( ) ( )

2
Y X X X f X fω = ω ⋅ ω = ⋅

π
  …(i) 

 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 f  and 1( )X f  

 Given, ( )X f  has maximum frequency of 10 kHz  

   
1

( ) 10kHzmx t f→ =  

 As time shifting do not have any effect on the existence duration of its spectrum  
 So   ( 1) ' 10kHzmx t f+ → =  

 As expansion in time domain results in compression in frequency domain, so after applying time scaling  

   
2

101 5kHz
2 2m
tx f + → = = 

 
 

 So, the maximum frequency component in the convolved signal ( )y t  is 

   1 2 15 kHzm m mf f f= + =  

 So, the Nyquist sampling rate is given by,  
   2 2 15kHz 30kHzs mf f= = × =  

15− 15
(kHz)f

0

( )Y f

BW

10− 100

2 ( )X f

5− 50

( )X f

f (kHz) f (kHz)
F.T

×
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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 

[ ] [ ] [ ]2 1 1n n n δ + + δ + δ −  . Let [ ]y n  be the output of system for an input [ ]1 .
2

n

u n
  
  
   

 The value of 

[ ]0y  is _______. 

Ans. 0 

Sol. Given response of the system for step input, i.e. step response is, 
   [ ] 2 [ 1] [ ] [ 1]S n n n n= δ + + δ + δ −  

 Impulse response of the system can be obtained by taking first difference of [ ]S n  
   [ ] [ ] [ 1]h n S n S n= − −  

   [ ] [ ] [ ] [ ] [ ] [ ] [ ]2 1 1 2 1 2h n n n n n n n= δ + + δ + δ − − δ −δ − − δ −  

   [ ] 2 [ 1] [ ] [ 2]h n n n n= δ + − δ − δ −  

 

 For input, 1[ ] [ ]
2

n

x n u n =  
 

 

 Output, [ ] [ ] [ ]y n x n h n= ⊗  

   1[ ] [ ] {2 [ 1] [ ] [ 2]}
2

n

y n u n n n n = ⊗ δ + −δ − δ − 
 

 

   
1 21 1 1[ ] 2 [ 1] [ ] [ 2]

2 2 2

n n n

y n u n u n u n
+ −

     = + − − −     
     

    ( )0 0[ ] [ ] [ ]x n n n x n n⊗δ − = −  

 Substituting 0n =  both sides, 

   
1 0 21 1 1[0] 2 [1] [0] ( 2)

2 2 2
y u u u

−
     = × − − −     
     

 

   1[0] 2 1 0
2

y = × − −      ( [ 2] 0)u − =  

 ∴  [0] 1 1 0y = − =  

 Hence, the value of [0]y  is 0. 

Question 27     Signals & Systems (2M) 

[ ]x n
System

[ ]h n
[ ]y n
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 Consider the signal [ ] [ ]12 2nx n u n−= − +  and [ ] [ ]22 1ny n u n− += + . Where [ ]u n  is the unit step sequence. 

Let ( )jX e ω  and ( )jY e ω  be the discrete time Fourier transform of [ ]x n  and [ ]y n  respectively. The value 

of integral  

   
2

0

1 ( ) ( )
2

j jX e Y e d
π

ω − ω ω
π    

 (round off to one decimal places) is _______.  
Ans. 8 

Sol. Given : 1[ ] 2 [ 2] ( )DTFTn jx n u n X e− ω= − + ⎯⎯⎯→  

 2[ ] 2 [ 1] ( )DTFTn jy n u n Y e− + ω= + ⎯⎯⎯→  

 We have to evaluate the integral,  

   
2

0

1 ( ) ( )
2

j jI X e Y e d
π

ω − ω= ω
π      …(i) 

 If DTFT[ ] ( )jp n P e ω←⎯⎯→ , then from synthesis equation of DTFT 

   
2

0

1[ ] ( )
2

j j np n P e e d
π

ω ω= ω
π       

   
2

0

1[0] ( )
2

jp P e d
π

ω= ω
π      …(ii) 

 From equation (i) and (ii),  

 If ( ) ( ) ( )j j jP e X e Y eω ω − ω=  then, [0]I p=     …(iii) 

 If [ ] ( )jy n Y e ω←⎯→  

 Applying time reversal property, 

   [ ] ( )jy n Y e− ω− ←⎯→  

 Let [ ] [ ]y n z n− = , then using convolution property, 

   [ ] [ ] ( ) ( ) ( )j j jx n z n X e Y e P eω − ω ω⊗ ←⎯→ ⋅ =  

 So,  [ ] [ ] [ ]p n x n z n= ⊗  

 Expend convolution as, 

   [ ] [ ] [ ]
k

p n x k z n k
∞

=−∞

= −  

 Here, 1[ ] 2 [ 2]nx n u n−= − +    

   1[ ] 2 [ 2]kx k u k−= − +  
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   2[ ] [ ] 2 [ 1]nz n y n u n+= − = − +  

   2[ ] 2 [ 1]n kz n k u n k− +− = − + +  

 ∴  1 2[ ] 2 [ 2] 2 [ 1]k n k

k
p n u k u n k

∞
− − +

=−∞

= − + ⋅ − + +  

 As required integral, 0[ ] [0]nI p n p== =  

   1 2[0] 2 [ 2] 2 [ 1]k k

k
p u k u k

∞
− − +

=−∞

= − + ⋅ +  

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

   
2

1 2[0] 2 1 [ 1]k k

k
p u k− − +

=−∞

= ⋅ ⋅ +  

   
2

[0] 2 [ 1]
k

p u k
=−∞

= +  

 Sequence [ 1] 1u k + =  only for 1 k− < < ∞ , thus modifying lower limit of summation. 

   
2 2

1 1
[0] 2 1 2 (1)k

k k
p

=− =−

= × =   

   [0] 2[1 1 1 1] 8p = + + + =  

 So,  
2 2

0 0

1 1( ) ( ) ( )
2 2

j j jI X e Y e d P e d
π π

ω − ω ω= ⋅ ω = ω
π π   

   [0] 8I p= =  

 Hence, the value of given integral is 8. 
Question 28     Signals & Systems (1M) 

 Consider two 16 point sequences [ ]x n  and [ ]h n . Let the linear convolution [ ]x n  and [ ]h 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 k y k=  is/are 

 (A) 0,1, 2,.....,15k =  (B) 0k =  (C) 15k =  (D) 0 or 15k =  
Ans. C 

Sol. Given : [ ]x n  and [ ]h n  are 16 point sequences  

 and  [ ] [ ] [ ]y n x n h n= ⊗      …(i) 

 Also, [ ] [ ( ) ( )]z n IDFT X k H k= ⋅   

 Where,  16point[ ] ( )DFTx n X k←⎯⎯→   
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   16point[ ] ( )DFTh n H k←⎯⎯→  

 From circular convolution property of DFT. 

   [ ]x n [ ] ( ) ( )DFTh n X k H k←⎯⎯→ ⋅  

 So,  [ ] [ ]z n x n= [ ]h n      …(ii) 

 We have to find value of k , for which ( ) ( )y k z k= . 

 i.e., value of n , for which linear and circular convolutions of 16 point sequences [ ]x n  and [ ]h n  are 
same.  

 From definitions of linear convolution,  

   [ ] [ ] [ ]
k

y n x k h n k
∞

=−∞

= ⋅ −  

 From definitions of circular convolution,  

   [ ]
1

0
[ ] ( ) ( )

N

N
k

z n x k h n k
−

=

= ⋅ −  where, 16N =  

 Assuming two 16 point sequences as, 
   [ ] {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16}x n

↑
=  

   [ ] { , , , , , , , , , , , , , , , }h n a b c d e f g h i j k l m n o p
↑

=  

 So, linear convolution [ ]y n  is, 

   [ ] [ ] [ ]
k

y n x k h n k
∞

=−∞

= ⋅ −  

   [0] [ ] [ ]
k

y x k h k
∞

=−∞

= ⋅ −  

   [ ] {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16}x k
↑

=  

   [ ] { , , , , , , , , , , , , , , , }h k p o n m l k j i h g f e d c b a
↑

− =  

 ∴  [0] (1 ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0y a= × + + + + + + + + + + + + + + +  

   [0]y a=       …(i) 
 From 16 point circular convolution, 

   [ ]
15

16
0

[ ] ( ) ( )
K

z n x k h n k
=

= ⋅ −  

   [ ]
15

16
0

[0] ( ) ( )
K

z x k h k
=

= ⋅ −  

N

N
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 Thus, (0) ( 1) ( 2) ( 3) ( 4) ( 5) ( 6) ( 7)z a b c d e f g= × + × + × + × + × + × + ×  

( 8) ( 9) ( 10) ( 11) ( 12) ( 13) ( 14)h i j k l m n+ × + × + × + × + × + × + ×  
( 15) ( 16)o p+ × + ×       …(ii) 

 From equations (i) and (ii), 
   (0) (0)z y≠  
 So, ( ) ( )z k y k=  is not satisfied for 0k =  and hence options (A), (B) and (D) are wrong.  
 Now we are choosing option (C) and verify it as follows, 

 Linear convolution, [ ] [ ] [ ]
k

y n x k h n k
∞

=−∞

= ⋅ −  

 Taking 15n = , [15] [ ] [15 ]
k

y x k h k
∞

=−∞

= ⋅ −  

 To find [15 ]h k− , shifting sequence ( )h k−  15 times towards right hand side.  
 So,  ( ) {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16}x k

↑
=  

   [ ] { , , , , , , , , , , , , , , , }h k p o n m l k j i h g f e d c b a
↑

− =  

   [15 ] { , , , , , , , , , , , , , , , }h k p o n m l k j i h g f e d c b a
↑

− =  

 ∴   (15) 2 3 4 5 6 7 8 9 10 11 12y p o n m l k j i h g f e= + + + + + + + + + + +  
13 14 15 16d c b a+ + + +  …(iii) 

 Circular convolution, 

   [ ]
15

16
0

[ ] ( ) ( )
k

z n x k h n k
=

= ⋅ −  

   [ ]
15

16
0

[15] ( ) (15 )
k

z x k h k
=

= ⋅ −  

m
n

o

p

a

b

c

d
e

f

g

h

i

j

k

l

5
4

3

2

1

16

15

1413
12

11

10

9

8

7

6

[( )]Nx k

[( )]Nh k�
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 To find [ ]16(15 )h k− , rotating [ ]16( )h k−  in anticlockwise direction 15 times. So, 

 
 ∴   (15) 2 3 4 5 6 7 8 9 10 11 12z p o n m l k j i h g f e= + + + + + + + + + + +  

13 14 15 16d c b a+ + + +  …(iv) 
 From equation (iii) and (iv), 
   (15) (15)y z=  
 Hence, ( ) ( )y k z k=  for 15k =  is satisfied. 
 Hence, the correct option is (C). 
Question 29      Electronic Devices (2M) 

 For the transistor 1M  in the circuit shown in the figure, 2100 A/Vn oxCμ = μ  and ( / ) 10W L =  where nμ  is 

the mobility of electron, oxC  is the oxide capacitance per unit area, W is the width and L is the length. 

 
 The channel length modulation coefficient is ignored. If the gate-to-source voltage GSV  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) 2100 A/Vn oxCμ = μ    

m
n

o

p

a

b

c

d
ef

g

h

i

j

k

l

5 4
3

2

1

16

15
141312

11

10

9

8

7
6

( )( )16
x k

( )( )16
15h k−

20 kDR = Ω

3 VDDV =
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 (ii) 10W
L

=  

 (iii) 1 VGSV =  

 Drain to source current ( DSI ) when N-MOS is saturation is given by, 

   2( )
2

n ox
D DS GS T

C WI I V V
L

μ= = × −  (For NMOS in saturation) 

   
6

2100 10 10(1 )
2D DS TI I V

−×= = × −  

   21 (1 ) mA
2D TI V= −  

 
 Apply KVL at outer loop of N-MOS, 
   3 20DS DSV I= − ×  

 Put the value of ,DSI  in above equation we get  

   2203 (1 )
2DS TV V= − −  

   23 10(1 )DS TV V= − −  

 MOSFET operates in saturation if over drive voltage DS OVV V≥  as shown below, 

20 kDR � �

3 VDDV �

D

S

G
�

�

DI

�

�
DSV
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 So,  DS OV GS TV V V V≥ = −  

 So, we take, DS GS TV V V= −   

   23 10(1 )GS T TV V V− = − −  

   21 3 10(1 )T TV V− = − −  

 Let, 1 TV x− =  

   23 10x x− =  

   210 3 0x x+×− =  

 We get, 1 1 120
20

x ± += −  

   1 11
20

x ±=  

 ∴   0.5x =  and 0.6−  
 

When 0.5x =  When 0.6x = −  
1 0.5TV− =  

0.5VTV =  
1 0.6TV− = −  

1.6VTV =  

 
 For MOSFET to be in saturation  
 If  T GSV V<  

 i.e.,  1TV <  

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

 Key Point  
If we choose 1.6 VTV = , then the MOSFET goes in cut-off region, because T GSV V> . 

Question 30      Control System (2M) 

( )D satI

DI Triode
region

Saturation
region

0 DSV

OV GS TV V V� �

1
Slope

DSr
�

DS OVV V� DS OVV V�
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 A unity feedback system that uses proportional-integral (PI) control is shown in the figure. 

 
 The stability of the overall system is controlled by tuning the PI control parameters PK  and .IK  The 

maximum value of IK  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, 

 
 Characteristic equation of unity feedback system is, 
   1 ( ) 0G s+ =  

   3 2
21 0

4 5 2
I

P
KK
s s s s

  + + =   + + +  
 

   3 2
21 0

4 5 2
P IK s K

s s s s
++ =

+ + +
 

   3 2( 4 5 2) 2 2 0P Is s s s sK K+ + + + + =  

   4 3 24 5 2 2 2 0P Is s s s sK K+ + + + + =  

   4 3 24 5 (2 2 ) 2 0p Is s s K s K+ + + + + =  
 From the above equation it is clear that,  the sufficient condition for the system to be stable is, 
   ( 1) and 0P IK K> − >  
 The Routh table for above characteristic equation, 

  

I
P

K
K

s
�

3 2

2

4 5 2s s s� � �

+X s( )
Y s( )

G s( )

I
P

K
K

s
�

3 2

2

4 5 2s s s� � �

+X s( )
Y s( )

G s( )

4s 1 5 2 IK

3s

2s

1s

0s

4

18 2

4

PK�

18 2
(2 2 ) 8

4

18 2

4

P
P I

P

K
K K

K

�� � � �
 �
� �

�

2 IK

2 2 PK�

2 IK
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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,  

 (i) 18 2 0
4

PK− >  

  9PK <  

  Thus, PK  must varies from, ( 1) 9PK− < <  

 (ii) 

18 2 (2 2 ) 8
4 018 2

4

P
P I

P

K K K

K

−  + − 
  =−

 

  8 42 2 0
18 2

I
P

P

KK
K
×+ − =

−
 

  161
18 2

I
P

P

KK
K

+ =
−

 

  81
9

I
P

P

KK
K

+ =
−

 

  (1 )(9 )
8

P P
I

K KK + −=  

 Here, IK  is a function of PK . 

 For maxima or minima, 0I
P

d K
dK

=  

   (1 )(9 ) 0
8

P P

P

K Kd
dK

+ −  =  
 

   1 [(1 )( 1) 9 ] 0
8 P PK K+ − + − =  

   9 1P PK K− = +  

   2 8PK =  

   4PK =  

 Now, double derivative of IK  is, 

   
2

2
1 0
4I

P

d K
dK

= − <  

 It means, IK  has maxima at 4PK = . 
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 Thus, maximum value of IK  at 4PK =  will be, 

   max
(1 4)(9 4)[ ] 3.125

8IK + −= =        Ans. 

Question 31         Engineering Mathematics (2M) 

 A box contains the following three coins  
 (i) A fair coin with head on one face and tail on other face. 
 (ii) 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 (C) 1/2 (D) 2/3 
Ans. B 

Sol. Method 1 : 
 There are three types of coins  
 (i) Unfair coin with head on both side (UH) 
 (ii) Unfair coin with tail on both side (UT) 
 (iii) Fair coin (F) 

 
 P(A) =  probability for head in first throw 
 P(B) =  probability for head in second throw 

– 1 + 4 + 9
KP

KI

max[ ]IK

For the type
of coin

1

3 1

3

1

3

UH UT

F
1/2 1/2

H T

First throw

1/2
1/2

UT

F
1/2 1/2

H T

1/2 1/2

UH UT

Second throw
For the type

of coin

Coin
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 We need to find 

1 1 1 1 1 1
( ) 3 2 2 3 2 2

1 1 1( )
3 3 2

B P A BP
A P A

   × × + × ×   ∩     = = 
   + × 

 

 

 

11 1
1612 12

3 3 3
6 6

BP
A

+  = = = 
 

 

 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) 1 1 1
3 2 6

= × =    …(i) 

   P  (coin 2 with two heads) 1 11
3 3

= × =    …(ii) 

   P  (coin 3 with two tails) 1 0 0
3

= × =     …(iii) 

 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 (ii) happens, then probability of getting heads in second toss 1
2

=  

 If equation (iii) happens, then probability of getting heads in second toss = 0. 

 ∴ Required probability 1 1 11
6 3 2

= × + × 1 1 1
6 6 3

= + =  

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

 Consider the differential equation given below  

   21
dy x y x y
dx x

+ =
−

 

 The integrating factor of differential equation is  

 (A) 
3

2 4(1 )x
−

−  (B) 
1

2 4(1 )x
−

−  (C) 
3

2 2(1 )x
−

−  (D) 
1

2 2(1 )x
−

−  

Ans. B 

Sol. Given : First order deferential equation, 

   21
dy x y x y
dx x

+ =
−
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   2
1

1
dy x y x
dx xy y

 + = −  
 

 Dividing both side with y  

   
1 1
2 2

2 .
1

dy xy y y x
dx x

− −
+ =

−
    

   
1 1
2 2

21
dy xy y x
dx x

−
+ =

−
    …(i) 

 Let, 
1
2y t=       …(ii) 

 Differentiating equation (ii), both side with respect to x, 

   
1
21

2
dy dty
dx dx

−
=  

   
1
2 2dy dty

dx dx
−

=      …(iii) 

 Putting equation (iii) into equation (i),   

   22
1

dt x t x
dx x

+ =
−

 

   
2

1
2 (1 ) 2

dt x xt
dx x

 + = − 
    …(iv) 

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

   dt Pt Q
dx

+ =  

 So,  2
1
2 1

xP
x

 =  − 
,  

2
xQ =      

 Integrating factor (I.F) is given by, 

   2
1
2 1I.F

x dxPdx xe e −= =  

   2
1 2
4 1I.F

x dx
xe

−−
−=  

   
21 log (1 )

4I.F e x
e
− −

=  

   
2 1/4log (1 )I.F e xe

−−=  

   
1

2 4I.F (1 )x
−

= −  

 Hence, the correct option is (B). 
Question 33     Computer Organization (1M) 
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 Addressing of a 32 K 16×  memory is realized using a single decoder. The minimum number of AND 
gate required for the decoder is  

 (A) 28 (B) 232 (C) 215 (D) 219 
Ans. C 

Sol. Given :  
 Addressing of memory = 32 K 16×   

 Addressing of memory = 5 102 2 16× ×   10( 2 )K =  

  Addressing of memory = 152 16×  
 So 32 K 16×  memory needs 15 address lines  

 So it will need decoder of size 1515 2× , which will need 152  AND gates.  
 Hence, the correct option is (C). 
Question 34         Engineering Mathematics (2M) 

 A real 2 2×  non-singular matrix A with repeated Eigen value is given as  

   
3.0

3.0 4.0
x

A
− 

=  
 

 

 where x is a real positive number. The value of x (round off to one decimal place) is ______. 
Ans. 10 

Sol. Given : 
3.0

3.0 4.0
x

A
− 

=  
 

 

 It is given that Eigen value of matrix A is repeated 
 Let the repeated Eigen values are  
  1λ = λ  

  2λ = λ  

 We know that, sum of the Eigen value of matrix [A] is equal to trace of matrix 
  1 2λ +λ  = Trace (A) = Sum of diagonal elements of matrix [A] 

  4xλ+λ = +  
  2 4xλ = +  

  4
2

x +λ =     …(i) 

 We know that, product of Eigen value is equal to determinant of matrix [A] 
  1 2 Aλ × λ =  

  4 9xλ×λ = +  
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  2 4 9xλ = +     …(ii) 

 Putting 4
2

x +λ =  into equation (ii) 

  
24 4 9

2
x x+  = + 

 
 

  2 8 16 16 36x x x+ + = +  

  2 8 20 0x x− − =  

  2 10 2 20 0x x x− + − =  
  ( 10) 2( 10) 0x x x− + − =  

  ( 10)( 2) 0x x− + =  
  10x = , 2x = −  
 It is given that x is positive real number, therefore we will select 10x = . 
 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 2 2,X Yσ σ  denote the variance of X and Y respectively. The variance are related as, 

 (A) 2 22Y Xσ = σ  (B) 2 24Y Xσ = σ  (C) 2 25Y Xσ = σ  (D) 2 225Y Xσ = σ  
Ans. B 

Sol. Given : 2Var[ ] XX = σ  

  2Var[ ] YY = σ  
  2 3Y X= +  
 Taking variance on both sides, 
  Var ( ) Var[2 3]Y X= +  
  Var( ) Var(2 ) Var(3)Y X= +    … (i) 
 Since, from the property of variance, for any constant “a”  
  [ ] [ ]2Var VaraX a X=  

  [ ]Var 0a =  

 So, equation (i) becomes as, 
  2Var ( ) 2 Var ( ) 0Y X= +   
  Var ( ) 4 Var ( )Y X=  

  2 24Y Xσ = σ  
 Hence, the correct option is (B) 

 Key Point  
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(i) 2Var[ ] Var[ ]aX a X=  
(ii) Var[ ] 0a =  
Where, a is constant. 

Question 36     Engineering Mathematics (2M) 

 Consider the integral  

   2 2
sin
( 4)C

x dx
x x +  

 where C is the counter clockwise oriented circle defined as 2x i− = . The value of the integral is  

 (A) sin 2
8

iπ−  (B) sin 2
8

iπ  (C) sin 2
4

iπ−  (D) sin 2
4

iπ  

Ans. *  (According to IIT Bombay its Answer A) 

Sol. Given : 2 2
sin( )
( 4)

xf x
x x

=
+

 

 Poles of ( )f x  are given by, 
  2 2( 4) 0x x + =  
  1 0x =       (multiple pole of order 2) 
  2 2x i=   (simple pole)  
  3 2x i= −   (simple pole) 

 Contour C is given by 2x i− =  

  2a ib i+ − =  

  2 2( 1) 2a b+ − =  
 Squaring both sides 
  2 2( 1) 4a b+ − =  
 So, the contour C represent a circle with centre (0, 1) and radius 2. 

 
 Pole 1 0x =  and 2 2x i=  lie inside the circle but pole 3 2x i= −  lies outside of the circle. 

2i

3i

i−

1− 1

i

ib

a
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 Thus we will find residue at pole 1 0x =  and 2 2x i= .  
 Residue of ( )f x  with multiple pole at x a=  with order m is given by, 

  
1

1
1( ) ( ) ( )

( 1)!

m
m

mx a
x a

dR x x a f x
m dx

−

−=
=

 
= − −  

 

 Residue at 1 0x =  is given by, 

   2
1 2

0

1 sin( )
(2 1)! ( 4) x

d xR x x
dx x x =

 
=  − + 

 

  1 2
0

sin( )
( 4) x

d xR x
dx x =

 
=  + 

 

  
2

1 2 2
0

( 4)cos 2 sin( )
( 4) x

x x x xR x
x =

 + −=  + 
 

  1
4 0 1( )
16 4

R x −= =  

 Residue at 2 2x i=  is given by 

  2 2
2

( 2 )sin( )
( 2 )( 2 ) x i

x i xR x
x x i x i =

 −=  + − 
 

  2 2
sin 2 sin 2( )

(2 ) 4 16
i iR x

i i i
−= =

×
 

 By residue theorem  
  [ ]( ) 2 ( )i

C

f x dx i R x= π × Σ  

  [ ]1 22 2
sin 2 ( ) ( )
( 4)C

x i R x R x
x x

= π +
+  

  2 2
sin 1 sin 22
( 4) 4 16C

x ii
x x i

 = π − +    

  2 2
sin sin 2
( 4) 2 8C

x i i
x x

π π= −
+  

 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)x y=  where x and y indicate bases of the corresponding numbers, then  

 (A) x = 7 and y = 5 (B) x = 8 and y = 6 (C) x = 6 and y = 4 (D) x = 9 and y = 7 
Ans. B 
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Sol. Given : (1235) (3033)x y=  

 Converting both numbers into decimal number as, 
   

3 2 1 0 3 2 1 0

(1 2 3 5) (3 0 3 3)x y

x x x x y y y y
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

=  

   3 2 32 3 5 3 3 3x x x y y+ + + = + +  
 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 ( )XR τ  of a wide-sense stationary random process ( )X t  is shown in the 

figure, 

 
 The average power of ( )X t  is ______. 
Ans. 2 

Sol. Method 1 : 
 Given, autocorrelation function ( )XR τ  of wide sense stationary random process ( )X t  is shown in figure. 

 
 Here, ( 0) 2XR τ = =  
 Average power of ( )X t  is given as mean square value of ( )X t , i.e., 

   2 ( ) [ ( ) ( )]xP E X t E X t X t = =      …(i) 

 Autocorrelation function of ( )X t  in defined as, 

   [ ]( ) ( ) ( )XR E X t X tτ = ⋅ + τ  

   ( 0) [ ( ) ( 0)]XR E X t X tτ = = +  

   (0) [ ( ) ( )]XR E X t X t=     …(ii) 
 From equations (i) and (ii), 
   (0) 2Wx XP R= =  

2

– 2 20
�

( )XR �

2

– 2 20
�

( )XR �
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 Method 2 : 
 Given ( )XR τ  can be represented as, 

   ( ) 2
2XR tri τ τ =  

 
 

 Power spectral density of ( )X t  is related to ( )XR τ  as, 

   [ ]( ) F.T. ( )X XS f R= τ  

   F.T. 22 4sinc (2 )
2

tri fτ ←⎯⎯→ 
 

 

 ∴   2( ) 4sinc (2 )XS f f=  
 ∴  Average power of ( )X t  

   2( ) 4 sinc (2 )x XP S f df f df
∞ ∞

−∞ −∞

= =   

   [ ]4 Energy of sinc (2 )xP f= ⋅    …(iii) 

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

   Energy of 1sinc (2 )
2

f =  

 From equation (iii), 

   14 2 W
2xP = × =  

 Hence, average power of ( )X t  is 2 W. 
Question 39      Communications System (2M) 
 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 ______. 

Ans. 30.72 

Sol. Given : Peak to peak value of message signal ( )m t  

   2VP P H LV V V− = − =  

 RMS value of message signal, ( ) 0.1Vm t =  

 Bandwidth of message signal or maximum frequency component of ( )m t  

   5kHzmf =  
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 Bit rate of PCM system 50kbpsbR =  

 ∴  Power in message signal ( )m t  

   2 2(RMS value) (0.1) 0.01WsP = = =  

 As nothing in mentioned about sampling frequency, so taking Nyquist rate of sampling, i.e.  
   2 10kHzs mf f= =  

 Bit rate of PCM is, 50kbpsb sR nf= =   ( Number of bits)n =  

 ∴  5b

s

Rn
f

= =  

 Given that the PCM system uses uniform quantization and quantization error is uniformly distributed, so 
 Quantization noise power is given as, 

   
2

12nq
sP =  

 Where, s =  Step size P PV
L
−=  

  L =Number of level 2n=  

 So,  

2

12

P P

nq

V V
LP

− 
 
 =  

   

2 22
4 12 32

12 12 32 32 12 3072

H L
n

nq

V V

P

−   
   
   = = = =

× ×
 

 So, the signal to quantization noise power ratio, 

   
0.01

1
3072

s
q

nq

PSN R
P

= =  

   30.72qSN R =  

 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 2V . 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 20.4 .V  

   (1) 0.4,P =  (0) 1 (1) 0.6P P= − =  
 Average probability of error in given as, 

   1 0(0) (1)
0 1eP P P P P   = +   

   
 

   (0) (1)
0 1

th

th

V

e
V

z zP P f dz P f dz
∞

−∞

   = +   
      

 For probability of error to be minimum, 0edP
dz

= . 

   (0) (1) 0
0 1

th

th

V

V

z zP f P f
∞

−∞

      + =            
 

   (0) (1) 0
0 1

th thz V V

z zP f P f
=

   − + =   
   

  As 0, 0
0 1z z

z zf f
=∞ =−∞

    = =    
    

  

   (0) (1)
0 1

th thz V z V

z zP f P f
= =

   =   
   

 

   
2 2

2 1
2 2

( ) ( )
2 2

2 2

1 1(0) (1)
2 2

n n

th th

z a z a

n nz V z V

P e P e
− −− −
σ σ

= =

⋅ = ⋅
πσ πσ

 

 where, given 1 122V, 2Va a= + = −  

   
2 2

2 2
2 2

( ) ( )
2 2(0)

(1)
n n

th

z a z a

z V

P e e
P

− −− −
σ σ

=

= +  

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

   
2

1 2

1 2

(0)ln
2 (1)

n
th

a a PV
a a P

 σ+= +  −  
   …(i) 

 Equation (i) may be used as standard equation to find optimum threshold for minimum probability of error 

min( )eP  in MAP receiver : Also, if (0) (1)P P=  then 1 2

2th
a aV += . 

 Substituting value of 1 2, , (0)a a P  and (1)P  in equation (i), 

   2 ( 2) 0.4 0.6ln
2 2 ( 2) 0.4thV + −  = +  − −  

 

   1 ln (1.5) 0.0405
10thV = =  
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 Hence, the minimum probability of error occurs for the optimum threshold of 0.0405V.thV =   

Question 41      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 ( ; )i im c , where, ic  is the code-word 

corresponding to the thi  message im , 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 (D) 0110100 
Ans. C 

Sol. Given message and corresponding code-words are, 
Message Code-word 

im  1m  2m  3m  4m  1P  2P  3P  1m  2m  3m  4m  iC  

12m  1 1 0 0 0 1 0 1 1 0 0 12C  

14m  1 1 1 0 0 0 1 1 1 1 0 14C  

6m  0 1 1 0 1 0 0 0 1 1 0 6C  

 Here, 12m  means, 1 2 3 4 1100m m m m =  and its decimal equivalent is 12 

 Here, 14m  means, 1 2 3 4 1110m m m m =  and its decimal equivalent is 14 

 Here, 6m  means, 1 2 3 4 0110m m m m =  and its decimal equivalent is 6 

 From four parity generator we have to select any three equation, 
   1 2 3AP m m m= ⊕ ⊕  

   1 2 4BP m m m= ⊕ ⊕  

   2 3 4CP m m m= ⊕ ⊕  

   1 3 4DP m m m= ⊕ ⊕  

 From comparing with all three given code-words i.e., 12 14,C C  and 6C  

   1 2 3, ,B C AP P P P P P= = =  

 So, for message 9 91001, 0111001m C= =  

 Option (A) is wrong. 
   10 101010, 1101010m C= =  

 Option (B) is wrong. 
   11 111011, 0001011m C= =  

 Option (C) is correct. 
   4 40100, 1110100m C= =  

 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, 4kHzmf =  

 Message signal amplitude, 4VmA =  

 Sampling rate, 32kHzsf =  

 Assume message signal, ( ) cos 2m mm t A f t= π  

 Slope of ( ) ( ) (2 ) cos 2m m m
dm t m t f A f t
dt

= = π π  

 Maximum slope of ( )m t  is, 

   
max

( ) 2 m m
d m t f A
dt

= π  [ ]Maximum value of ( cos 2 ) 1mf tπ =  …(i) 

 To avoid slope overload distortion, 

   
max

( )s
dsf m t
dt

≥   where, s =  Step size. 

   2s m msf f A≥ π  

   2 m m

s

f As
f

π≥  

 So, minimum value of step size s is, 

   min
2 m m

s

f As
f

π=  

   min
2 4 4 3.14 V

32
s π× ×= = π =  

 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, 4 kHzmf =  

 Sampling frequency, 1.25s NRf f=   

 Nyquist rate 2 2 4 8 kHzNR mf f= = × =  

 Thus, sampling frequency, 1.25 1.25 8 kHz 10 kHzs NRf f= = × =  

 Speech samples are uniformly distributed in the range 5V−  to 5 V and subsequently quantized in 8-bit 
uniform quantizer and transmitted over AWGN channel, so number of bits used by quantizer,  

 i.e., 8n =  
 Bit rate is given as, 8 10 8 kbpsb sR nf= = × =  

 According to channel capacity theorem, 
  max( )bR C≤  

  max 2( ) log (1 )bR C B SNR= = +  

  3
280 10 log (1 )B SNR× = +      …(i) 

 Here, ( ) 26 dBdBSNR =  

 1010log ( ) 26SNR =  

 2.6(10) 398.1SNR = =  
 From equation (i), 
  3

280 10 log (1 398.1)B× = +  

  
3

2

80 10 9.259 kHz 9.26 kHz
log (399.1)

B ×= = ≈  

 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 6( ) 2cos(2 10 )c t t= π , 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, 1 kHzmf =  

 Carrier signal, 6( ) 2cos(2 10 )c t t= π  
 Phase sensitivity factor, 2 rad/VPk =  

 Assuming message signal, ( ) sin(2 )m mm t A f t= π  

 RMS value of message signal ( )m t  is, 
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  RMS( ) 4 V
2
mAm t = =  

  4 2mA =  Volt,  

 So message signal ( )m t  is, 

  3( ) cos 2 4 2 cos 2 10 Vm mm t A f t t= π = π  
 

 
 So, phase modulation equation is, 
  

( )

( ) cos 2 ( )
i

PM C c p

t

s t A f t k m t
θ

= π + 
  

  

 Instantaneous frequency is given as, 

  1( ) ( )
2i c iPM

df t f t
dt

= + θ
π

 

  1( ) [ ( )]
2i c pPM

df t f k m t
dt

= +
π

 

   3( ) (4 2 sin 2 .10 )
2

p
i cPM

k df t f t
dt

= + π
π

 

  3 32( ) 4 2(2 .10 )(cos 2 .10 )
2i cPM

f t f t= + π π
π

 

  3 3( ) 8 2 10 cos2 .10i cPM
f t f t= + × π  

 So, maximum value of instantaneous frequency is, 
  3

max( ) [1000 8 2] 10if t = + ×  

  3
max( ) 1011.3137 10if t = ×  

  
max( ) 1011313.7 Hzif t =  

 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,  
 % 50%am =  

PM s t( )PMm t( )

c t( )
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 0.5am =  
 According to question, carrier and one side band is suppressed, so saved power is, 
 Power saved = Carrier Power + One side band Power  

    
2

4
a

c c
mP P= +

2

1
4

a
c

mP
 

= + 
 

 

 Total power of AM signal 
2

1
2

a
c

mP
 

= + 
 

 

 So, percentage saving in power is given as, 

 % Power saving Power saved 100%
Total power

= ×  

 % Power saving 

2

2

1
4

100%
1

2

a
c

a
c

mP

mP

 
+ 

 = ×
 
+ 

 

 

 % Power saving

2

2

1 11
2 4 100%
1 11
2 2

 +  
 = ×
 +  
 

 

 % Power saving 
11

16 100%11
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 :  
 600kHzRFf =  

 1000kHzLOf =  

 For LO RFf f> , image frequency is given by, 

    2image RF IFf f f= +  

    2image LO RFf f f= −    ( )IF LO RFf f f= −  
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    2 1000 600 1400 kHzimagef = × − =  

 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 1( )
2

P B =  

 50% of the total students are girls so probability of girls 1( )
2

P G =  

 75% students studies science, so probability of student studies science, 3( )
4

P S =  

 25% students studies commerce, so probability of student studies commerce, 1( )
4

P C =  

 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., BP p
S

  = 
 

. 

 Then as given, the probability that a commerce student is boy i.e., 2BP p
C

  = 
 

. 

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

  ( ) ( ) ( )B BP B P C P P S P
C S

   = +   
   

 

  1 1 32
2 4 4

p p   = × + ×   
   

 

  1 5
2 4

p=    

  2
5

p =  

 So, 2
5

BP p
S

  = = 
 

 and 42
5

BP p
C

  = = 
 

 

 Hence probability of a selected commerce student is a girl, 

  4 11 1
5 5

G BP P
C C

   = − = − =   
   

 

 Probability of randomly selected girl studies commerce is given as 
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( )

( )
( ) ( )

GP C P
C P G C CP
G P G P G

 
 ∩   = = 

 
 

  

1 1
2 14 5

1 20 10
2

CP
G

×  = = = 
 

 

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

  2
1logI
CP
G

 =     
  

bits 2log 10 3.32 bits= =  

 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. 
 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
Total students in science 75

sBp = =  

 ∴  Number of boys in science 75sB p= =  

 ∴  Number of girls in science 75 75p= −  

 Number of boys in commerce 50 75p= −  

 Number of girls in commerce 25 (50 75 )p= − − 75 25p= −  

 Given, 50 75 2
25

p p− =  

 50 75 50p p− =  

 125 50p =   

 50 2
125 5

p = =  
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 ∴  Number of girls in commerce 275 25 75 25
5

p= − = × − 30 25 5= − =  

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

   Number of girls in commerce
Total girl students

CP
G

  = 
 

 

   5 1
50 10

= =  

 Hence, Information in knowing that a randomly selected student is girl and studies commerce is  

  2
1logI
GP
C

=
 
 
 

 bits 

  2log 10I = 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 inV  of 10 V amplitude with on-time 1 msONT =  and off-time 

1 sOFFT = μ  is applied to the circuit shown in figure. The diode 1D is ideal. 

 
 The difference between the maximum voltage and minimum voltage of the output wave form 0V  (in 

integer) is _____V. 
Ans. 10 

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

  

20 nF

inV 500 kΩ 1D 0V

+
10 V

20 nF

CV+ +

–

0VD500 kΩ
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 Here, 1 msecONT = , 1 secOFFT = μ  and initially capacitor C  is uncharged and diode D is ideal diode. 

 (i) For 0 ONt T< <  :  

  Maximum value of inV  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,  

 
  Thus, capacitor voltage 10 VCV =  and voltage 0 0V =  volt. 

 (ii) For ON OFFT t T< <  :  

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

 

  Current, 10 20 mA
500

I −= = −  

  Voltage, 0 500V I= × ( 20) 500 10 V= − × = −  

  Thus output waveform under steady state is, 

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

  Thus, difference between maximum and minimum output voltages, 
  0 0(maximum) (minimum) 0 ( 10) 10 VV V− = − − = +  

TON TOFF TON TOFF

0

10

+

10 V

+

+

–

0 0 VV �500 k�

10 V

CV

+ +

–

0V500 k�

10 V

I
+

–

CV

10−

0V

t
0

ONT
OFFT
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 Hence, the difference between the maximum voltage and minimum voltage of the output wave form 0V   
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 3  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. 

  
1 1 2
7 3 0
2 3 1

x
−

=  

  1(3 3 ) 1(7 2 ) 2(21 6) 0x x− + − + − =  

  3 3 7 2 30 0x x− + − + =  
  5 40x =  
  8x =  
 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 

( )T BSV / V∂ ∂  is found to be 50 mV/V at a substrate voltage BSV 2V= , where VT is the threshold 

voltage of the MOSFET. Assume that BS BV 2 ,>> φ  where Bqφ  is the separation between the fermi 

energy level EF and the intrinsic level iE  in the bulk. Parameters given are : 

  Electron charge ( ) 191.6 10q C−= ×  

  Vacuum permittivity ( ) 12
0 8.85 10 F / m−ε = ×  

 Relative permittivity of silicon ( ) 12siε =  

 Relative permittivity of oxide ( )ox 4ε =  

The doping concentration of the substrate is  
(A) 15 37.37 10 cm−×    (B) 15 34.37 10 cm−×   
(C) 15 32.37 10 cm−×    (D) 15 39.37 10 cm−×  

Ans. A 

Sol. Given :  
 Gate-oxide thickness, 10 nmoxt =  
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 Substrate sensitivity, 50 mV/VT

BS

V
V
∂ =
∂

 

 Substrate voltage, 2 VBSV =  

 Electron charge ( ) 191.6 10q C−= ×  

 Vacuum permittivity ( ) 12
0 8.85 10 F / m−ε = ×  

Relative permittivity of silicon ( ) 12siε =  

Relative permittivity of oxide ( )ox 4ε =  

 Threshold voltage when body effect is consider, 

2 2T To F SB FV V V = + γ φ + − φ      …(i) 

 Where, A si A si
ox

ox ox

2qN ε 2qN ε
= t

C ε
γ =      ox

ox
ox

C
t
ε = 

 
  

As per the question, F Bφ = φ →  Both are same  

Differentiate equation (i), with respect to BSV , 

( )
1
2

10 2
2

T
F SB

BS

V V
V

−∂ = + γ φ +
∂

     …(ii) 

Since  SB FV 2>> φ , so equation (ii) becomes as,     

( )
1

T 2
SB

BS

V 1 V
V 2

−∂  = γ  ∂  
    

( )
1

3 2
150 10 2
2

−−  × = γ  
 

    

3 150 10
2 2

−× = γ  

32 2 50 10 0.14142−γ = × × =  

As  2 ox
A si

ox

tqN  γ = ε  ε 
 

2 0.14142ox
A si

ox

tqN ε × =
ε

 

2

2 0.14142 ox
A si

ox

q N
t

  εε = ×  
  

 

2
1 0.14142

2
ox

A
si ox

N
q t

 ε  = ×  ε   
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2

0

0

41 0.14142
2 (12 )A

ox

N =
q t

  ε× ×  ε   
   0 0( 12 , 4 )si oxε = ε ε = ε  

( ) ( )
( )

22 14

219 14 9

0.14142 4 8.85 10

2 1.6 10 12 8.55 10 10 10 100
AN =

−

− − −

× × ×

× × × × × × × ×
 

           157.37 10AN = × cm-3 

 Hence, the correct option is (A). 
Question 51     Analog Electronics (1M) 
 In the circuit shown in the figure, the transistors 1M  and 2M  are operating in saturation. The channel 

length modulation coefficients of both the transistors are non-zero. The transconductance of the 
MOSFETs 1M  and 2M  are 1mg  and 2mg , respectively, and the internal resistance of the MOSFETs 1M  

and 2M  are 01r  and 02r , respectively. 

 
 Ignoring the body effect, the ac small signal voltage gain ( )/out inV V∂ ∂  of the circuit is 

 (A) ( )m 2 01 02g r r−     (B) m2 02
m1

1g r
g

 
−  

 
   

(C) m1 01 02
m2

1g r r
g

 
−  

 
    (D) m2 01 02

m1

1g r r
g

 
−  

 
   

Ans. D 

Sol. Given circuit is shown below, 

 
 Method 1 : 

2MVin

Vout

VDD

1M

2MVin

Vout

VDD

1M
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 Channel length modulation coefficient 0λ ≠ , it means internal resistance of MOSFET 1M  and 2M  are 
not zero.  

 i.e. 01 0r ≠ , 02 0r ≠  

 From figure 
1

0 VgV = , 
2

0 VsV =  and 
1

0 VdV = ,  

 
1 2s d outV V V= = , 

2g inV V= . 

 So, 
1 1 1

0gs g s out outV V V V V= − = − = −  

 
2 2 2

0gs g s i iV V V V V= − = − =  

 The AC equivalent model of given circuit is shown below, 

 
 Applying KCL at node N, 

    
1 1 2 2

01 02

0out out
m gs m gs

V Vg V g V
r r

− + + =    …(i) 

 Here,  
1gs outV V= −     …(ii) 

    
2gs inV V=     …(iii) 

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

    
1 2

01 02

1 1
out m m iV g g V

r r
 + + = − 
 

 

 So,   
2

1

01 02
1out

m
i m

V g r r
V g

 = −  
 

   

 Hence,  
2

1

01 02
1out

m
i m

V g r r
V g

∂  = −  ∂  
   

 Hence, the correct option is (D). 

2sg inV V=

2S
2S

inV

−

+ 2G
2D

N

1S1S1S −

+

1gsV

1D

2 2m gsg V

1 1s
m gg V

20r

10r

outV

2M

2S

1M

1G



 
 

 

GATE 2021  [Afternoon Session]
Electronics & Communication Engineering 

PAGE 

72 

 Method 2 : 
 Given MOSFET arrangement is shown below,  

 
 Channel length modulation coefficient 0λ ≠ , it means internal resistance of MOSFET 1M  and 2M  are 

not zero i.e., 01 0r ≠ , 02 0r ≠ . 

 AC equivalent circuit : 
 (i) All capacitors are short circuited. 
 (ii) All DC voltage sources replaced by ground. 

 
 Here, drain 1( )D  and gate 1( )G  of MOSFET 1( )M  are grounded, so it can be drawn as,  

 
When drain and gate of MOSFET 1M  are shorted to each other then it can be replaced by resistance of 

value 01
1

1 || r
gm

 
 
 

 as shown below, 

2MVin

Vout

1M

2G

1G
1D

2D

1S

2S

DDV

2MVin

Vout

1M

2G

1G
1D

2D

1S

2S

1S

1M

1D

1G

1D

1M

1S

1G�
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So, given circuit becomes as, 

 
Above MOS circuit can redraw as,  

 

 Here, 
1

01
1 || L
m

r R
g

=  work as load for MOSFET 2( )M , so small signal voltage gain of MOSFET 2( )M  is  

   
2 2 20( ) ( || )V M m LA g R r= −  

   
2 2 1 2

1

0 0
1( ) || ||V M m
m

A g r r
g

  = −   
  

 

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 t = 0. 

1D

1M

1S

1G �
1

1

0

1
||

m

r
g

� �

 �
 �
� �

inV
2M

outV

1

1

0

1
||

m

r
g

� �

 �
 �
� �

inV 2M

1

1

0

1
||L

m

R r
g

� �
� 
 �
 �

� �

outV



 
 

 

GATE 2021  [Afternoon Session]
Electronics & Communication Engineering 

PAGE 

74 

 
 Initially when the switch is open, the capacitor is discharged 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, 

 
 When switch is closed and taking Laplace transform of above circuit,  

 
 Given : 10 mH, 100 pF, 5 kL C R= = = Ω . 

 Applying current divider rule in the above circuit, 

   0

1( )
( ) 1

iI s
sCI s

R sL
sC

 × 
 =

+ +
 

   0 2

( )( )
1

iI sI s
LCs RCs

=
+ +

 

5 kΩ

10 mH

100 pF

A

A1 A

Switch Load

Shunt
capacitor

Current
source

Ammeter

A

100 pF

5 k�

10 mH

Switch

1 Aii �

0i Load

sL

R

I s0( )

I si( )
1

sC

A
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   0
2

1( )
( ) 1

iI s
LCI s Rs s

L LC

×
=

+ +
 

   0

2

1
( )

1( )i

I s LC
RI s s s
L LC

=
+ +

    … (i) 

 Equation (i) shows current transfer function, so we can compare denominator of equation (i) with 
characteristic equation of second order system 2 22 0n ns s+ ξω +ω = , then we get  

 (i) 2 1
n LC

ω =  

   2
3 12

1
10 10 100 10n − −ω =

× × ×
 

   12 610 10 rad/secnω = =  

 (ii) 2 n
R
L

ξω =  

   6
3

50002 10
10 10−ξ× =

×
 

   1 0.25
4

ξ = =   

  Here 1ξ <  so system is underdamped system. 

 (iii)Steady state value of 0 ( )i t  is, 

   0 0 00
lim ( ) ( ) lim ( )
t s

i t i sI s
→∞ →

= ∞ =  

   0 0 0 2

1

lim ( ) ( ) lim ( )1 it s

LCi t i s I sRs s
L LC

→∞ →

 
 

= ∞ =  
 + +
 

 

   0 0 0 2

1
1lim ( ) ( ) lim 1t s

LCi t i s R ss s
L LC

→∞ →

 
  = ∞ =   

  + +
 

 

   0 0lim ( ) ( ) 1
t

i t i
→∞

= ∞ =  

 Input 1( )iI s
s

=  is the step function and 1ξ < , so response 0 ( )i t  will be an underdamped response for unit 

step signal as shown below, 
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 So, peak value of 0 ( )i t  is, 

   [ ]cot
0 ( ) 1pi t AK e−π θ= +     …(ii) 

 Where, AK = Steady state value of 0 ( )i t  
   0 ( ) 1AK i= ∞ =  
 Thus, cot

0 ( ) 1pi t e−π θ= +      …(iii) 
   cos 0.25θ = ξ =  
   1 0cos (0.25) 75.52−θ = =  
   0cot(75.52 ) 0.258=   
 So, equation (iii) becomes 
   0.258

0 ( ) 1 1.44pi t e−π×= + =   
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.  

 
 The value of 0V  (rounded off to 1 decimal place) is _______ V.  
Ans. 1 

Sol. Given circuit is shown below,  

0 ( )AK i= ∞
0 ( )pi t

0 ( )i t

d
π
ω

t

4 V

1 kΩ

1 kΩ

1 kΩ

2 mA
+

V0

6 mA
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 Nodal analysis at node 0V  

    0 046 8 0
1 1

V V−− + + + =  

    02 10 8 0V − + =  

    02 2V =  

    0 1VV =  

Hence, the value of 0V  is 1 V. 
Question 54     Electromagnetic Theory (2M) 

 A standard air filled rectangular waveguide with dimensions 8 cma = , 4 cmb =  operates at 3.4 GHz. 
For the dominant mode of wave propagation, the phase velocity of the signal is pv . The value (rounded 

off to two decimal places) of /pv c , where c  denotes the velocity of light is _______.  
Ans. 1.198 

Sol. Given : 8 cm,a =  4 cm,b =  
 For a standard rectangular waveguide a b>  
 So, cut-off frequency for dominant mode 10( )TE  is  

   
2C
cf
a

=  

   
8 7

9
2 2

3 10 30 10 1.875 10 Hz
2 8 10 16 10Cf − −

× ×= = = ×
× × ×

 

   1.875 GHzCf =  
 Given operating frequency is, 3.4 GHzf =  
 So, phase velocity in rectangular waveguide, 

   
2

1
p

C

cv
f
f

=
 −  
 

 

   
2

1 1.198
1.8751

3.4

pv
c

= =
 −  
 

  

+– +

–

0V

0V 1kΩ 2 mA

6 mA

4 V

1kΩ

1kΩ

8 mA
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 Hence, the value of /pv c  is 1.198. 

Question 55     Network Theory (2M) 

 Consider the two port network shown in the figure.  

 
 The admittance parameters, in Siemens, are  
 (A) 11 12 21 222, 4, 4, 2Y Y Y Y= = − = − =  (B) 11 12 21 221, 2, 1, 3Y Y Y Y= = − = − =  
 (C) 11 12 21 222, 4, 1, 2Y Y Y Y= = − = − =  (D) 11 12 21 222, 4, 4, 3Y Y Y Y= = − = − =  
Ans. C 

Sol. Given circuit is shown below 

 
 Nodal analysis at node 1V  

  1 1 2
1 23 0

1 1
V V VI V −− + − + =  

  1 1 2 1 23I V V V V= − + −  
  1 1 22 4I V V= −  
 Compare 1I  with 1st equation of Y-parameter is, 
  1 11 1 12 2I Y V Y V= +  
 Thus, 11 122 , 4 Y Y= = −   
 Nodal analysis at node 2V  

  2 2 1
2 0

1 1
V V VI −− + + =   

  2 2 12I V V= −  
  2 1 22I V V= − +  
 Compare 2I  with 2nd equation of Y-parameter is, 
  2 21 1 22 2I Y V Y V= +  
 Thus, = − =21 221 , 2  Y Y  

+

–

V1

+

–

V21 �23V1 �

1 �I1
I2

1 Ω

+

–

+

–

1 Ω

1 Ω 2V 2I

2V23V

1V1I

1V
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 Thus admittance parameter of given network is, 

  
2 4

[ ]
1 2

Y
− 

=  − 
 

 Hence, the correct option is (C).  
.General Aptitude.  

Question 56     General Aptitude (1M) 

 p and q are positive integers and 3,p q
q p
+ =  then,  

2 2

2 2
p q
q p

+ =   

 (A) 3  (B) 7  (C) 9  (D) 11 
Ans. B 

Sol. Given : 3p q
q p
+ =  

 Squaring on both sides, we get  

  
2 2

2 2 2 9p q p q
q p q p

+ + =  

  
2 2

2 2 2 9p q
q p

+ + =  

  
2 2

2 2 9 2 7p q
q p

+ = − =  

 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  (C) 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, 
   ( 105%) 105% 1102500x× × =  

    105 105 1102500
100 100

x× × =  

    1102500 100 100
105 105

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

 
  

(Suppose population) (Originalpopulation)
110.25 1102500⎯⎯→  

 ∴  11025001 10000
110.25

= =  

 Hence, 2 years ago population was 
   100 10000 1000000× =  
 Hence, the correct option is (C). 
Question 58     General Aptitude (2M) 

  

 
 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 (C) 4 : 5 (D) 5 : 6 
Ans. A 

Sol. Given : Equilateral triangle 

5% inc.

After 1 yearst 105

105 + 5.25 = 110.25After 2nd years
i.e. present population 

100
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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 (PQRSTU) to the area of original equilateral 

triangle is  

   2 23 3 3(1) : (3)
2 4

 

   3 3 9 3:
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 _________. 

 (A) 
3
π

 (B) 
2
3
π

 (C) 
3
2
π

 (D) 3π  

Ans. A 

Sol. Given : Square sheet of side 1 unit. 

 
 It is cut along the main diagonal to get two triangles 

1 

P Q 

R 

S T 

U 

1 

1 1 

1 1 

1 1 1 

A

B C

1 Unit 

1 Unit 

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

 

  The volume of cone 21
3

R M= π  

 ∴ The volume of a resulting cone 21 (1) (1)
3

= π
3
π=  

 Hence, the correct option is (A). 
Question 60     General Aptitude (1M) 

 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  (D) Future, Present 
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) 

1 Unit 

1 Unit

1 Unit 1 Unit 

1 unit
R = 1 unit

M = 1 unit 
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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) 5 (C) 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 55 65 55 100% 18.18%
55
− × =  

Saturday 50 60 60 50 100% 20%
50
− × =  

Friday 35 20 35 20 100% 75%
20
− × =  

Thursday 55 60 60 55 100% 9.09%
55
− × =  

Wednesday 50 60 60 50 100% 20%
50
− × =  

Tuesday 65 55 65 55 100% 18.18%
55
− × =  

Monday 70 45 70 45 100% 55.55%
45
− × =  

 

X

Sunday

Saturday  

Friday 

Thursday

Wednesday 

Tuesday 

Monday

0 10 20 30 40 50 60 70 80
45

70

55
65

60
50

60
55

20
35

50
60

55
65

Y
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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) 

 
 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 (C) 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, 

 
 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 (AI) is currently a hot topic. AI 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. 

P

Q

P

Q

Left Right
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 (ii) Computers cannot be used for solving problems in engineering.  
 (iii) 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), (ii) 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,  

 
 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 : 
 (i)  I woke up from sleep. 
 (ii)  I woked up from sleep. 
 (iii)  I was woken up from sleep. 
 (iv) I was wokened up from sleep. 
 Which of the above sentences are grammatically CORRECT? 
 (A) (i) and (ii) (B) (i) and (iii) (C) (ii) and (iii) (D) (i) and (iv) 
Ans. B 

 
 

P B
G

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


