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Q. 1 – Q. 25 carry one mark each. 

Q.1 Consider a system of linear equations:  
2 3 1x y z− + = − , 
3 4 1x y z− + = ,  and 

2 4 6 .x y z k− + − =  
The value of k  for which the system has infinitely many solutions is ______. 

 
Q.2 A function 2 3( ) 1f x x x= − +  is defined in the closed interval [ ]1,1− .  The value of x , in the 

open interval ( )1,1−  for which the mean value theorem is satisfied, is 
 

(A)  −1 2⁄  (B)  −1 3⁄  (C)  1 3⁄  (D)  1/2 
 
Q.3 Suppose ܣ and B  are two independent events with probabilities ܲ(ܣ) ≠ 0 and  ܲ(ܤ) ≠ 0. Let ܣ 

and ܤ be their complements. Which one of the following statements is FALSE? 

(A)	ܲ(ܣ ∩ (ܤ = (ܤ|ܣ)ܲ (B) (ܤ)ܲ(ܣ)ܲ =  (ܣ)ܲ
(C)	ܲ(ܣ ∪ (ܤ = (ܣ)ܲ + ܣ൫ܲ (D) (ܤ)ܲ ∩ ൯ܤ = ܲ൫ܣ൯ܲ(ܤ) 

 
Q.4 Let z x iy= +  be a complex variable. Consider that contour integration is performed along the unit 

circle in anticlockwise direction. Which one of the following statements is NOT TRUE? 

(A)   The residue of 2 1
z

z −
at 1z =  is 1/2 

(B)   ∮ ݖଶ݀ݖ = 0  

(C)   
ଵଶగ ∮ ଵ௭ ݖ݀ = 1  

(D)   z  (complex conjugate of z ) is an analytical function 
 
Q.5 

The value of  p  such that the vector  123൩ is an eigenvector of the matrix  4 1 2 2 114 −4 10൩  is 

_______. 

 
Q.6 In the circuit shown, at resonance, the amplitude of the sinusoidal voltage (in Volts) across the 

capacitor is ________. 
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Q.7 In the network shown in the figure, all resistors are identical with R = 300 Ω. The resistance  
Rab (in Ω) of the network is ______.  
 

 
 
 

Q.8 In the given circuit, the values of 1 2and V V respectively are 

4Ω

4Ω 4Ω5A
+
V2
-

+
V1
-

2 Ι
 Ι

 
 

(A) 5 V, 25 V (B) 10 V, 30 V (C)  15 V, 35 V (D)  0 V, 20 V 
 
Q.9 A region of negative differential resistance is observed in the current voltage characteristics of a 

silicon PN junction if 

(A) both the P-region and the N-region are heavily doped  
(B) the N-region is heavily doped compared to the P-region 
(C) the P-region is heavily doped compared to the N-region 
(D) an intrinsic silicon region is inserted between the P-region and the N-region 

 
Q.10 A silicon sample is uniformly doped with donor type impurities with a concentration of 1016 /cm3. 

The electron and hole mobilities in the sample are 1200 cm2/V-s and 400 cm2/V-s respectively. 
Assume complete ionization of impurities. The charge of an electron is 1.6 ×10-19 C. The resistivity 
of the sample (in Ω-cm) is ____________. 

 
 
 
 
 

a

b

R

R

R

R R R R

R R R
R

RRRR
R = 300 Ω

Rab



GATE 2015                   SET 1                                                                                   ELECTRONICS AND COMMUNICATION ENGINEERING - EC 

EC 3/13

Q.11 For the circuit with ideal diodes shown in the figure, the shape of the output (ݒ௨௧) for the given 
sine wave input (ݒ) will be 

 
 

(A)  
 
 
 
  

(B)     

(C) 
 
 
 
 
 

(D) 
 
 
 
 

 
Q.12 In the circuit shown below, the Zener diode is ideal and the Zener voltage is 6 V. The output 

voltage ܸ (in volts) is_______. 
 

 
 
Q.13 In the circuit shown, the switch SW is thrown from position A to position B at time t = 0. The 

energy (in μJ) taken from the 3 V source to charge the 0.1 μF capacitor from 0 V to 3 V is 
 

 
 

(A) 0.3 (B) 0.45 (C) 0.9 (D) 3   
 

 
 
 
 

 1kΩ

10V 1kΩ
+

VO
-

SW3 V

0.1 μF

120 Ω

t = 0

B A

+ 

−

+ 

−0 T 0.5T 
vin vout 

0 T 0.5T 0 T 0.5T 

T 0.5T 0 0 T 0.5T 
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Q.14 In an 8085 microprocessor, the shift registers which store the result of an addition and the overflow 
bit are, respectively 

(A) B and F 
(B) A and F 
(C) H and F 
(D) A and C 

 
Q.15 A 16 Kb (=16,384 bit) memory array is designed as a square with an aspect ratio of one (number of 

rows is equal to the number of columns).  The minimum number of address lines needed for the 
row decoder is _______. 
 

Q.16 Consider a four bit D to A converter.  The analog value corresponding to digital signals of values 
0000 and 0001 are 0 V and 0.0625 V respectively.  The analog value (in Volts) corresponding to 
the digital signal 1111 is ________.   

 
Q.17 The result of the convolution (ݐ−)ݔ ∗ ݐ−)ߜ −  ) isݐ

(A) ݐ)ݔ + ݐ)ݔ ) (B)ݐ − ݐ−)ݔ  ) (C)ݐ + ݐ−)ݔ  ) (D)ݐ −  (ݐ
 
Q.18 The waveform of a periodic signal ( )x t  is shown in the figure. 

 
 
 
 
 
 
 
 

A signal ( )g t  is defined by 
1( )

2
tg t x −⎛ ⎞= ⎜ ⎟

⎝ ⎠
.  The average power of ( )g t is _______. 

 

Q.19 Negative feedback in a closed-loop control system DOES NOT 

(A)  reduce the overall gain (B)  reduce bandwidth 

(C)  improve disturbance rejection (D)  reduce sensitivity to parameter variation 

 
Q.20 A unity negative feedback system has the open-loop transfer function (ݏ)ܩ =  The .(3+ݏ)(1+ݏ)ݏܭ

value of the gain K  (>0) at which the root locus crosses the imaginary axis is ________. 
 

Q.21 The polar plot of the transfer function (ݏ)ܩ = 10+ݏ(1+ݏ)10  for 0 ≤ ω  < ∞ will be in the 
 

(A)  first quadrant 
(B)  second quadrant  
(C)  third quadrant 
(D)  fourth quadrant 

 
 
 
 

1 
2 3 

4 t 

x(t) 

-1 
-2 

-3 -4 

3 

-3 
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Q.22 A sinusoidal signal of 2 kHz frequency is applied to a delta modulator. The sampling rate and  
step-size Δ  of the delta modulator are 20,000  samples per second and 0.1 V, respectively.  
To prevent slope overload, the maximum amplitude of the sinusoidal signal (in Volts) is 

(A)  
1

2π
 (B)  

1
π

 

(C)  
2
π

 (D)  π  

 
Q.23 Consider the signal ˆ( ) ( )cos(2 ) ( )sin(2 )c cs t m t f t m t f tπ π= + where ˆ ( )m t denotes the Hilbert 

transform of ( )m t and the bandwidth of ( )m t is very small compared to cf . The signal ( )s t is a 

(A) high-pass signal 
(B) low-pass signal 
(C) band-pass signal 
(D) double sideband suppressed carrier signal 

 
Q.24 Consider a straight, infinitely long, current carrying conductor lying on the z-axis. Which one of the 

following plots (in linear scale) qualitatively represents the dependence of Hφ  on r, where Hφ  is the 
magnitude of the azimuthal component of magnetic field outside the conductor and r is the radial 
distance from the conductor? 

(A)  (B)  

 
(C)  (D)  

 
 
Q.25 The electric field component of a plane wave traveling in a lossless dielectric medium is given by 

8ˆ( , ) 2cos 10
2y
zE z t a t⎛ ⎞= −⎜ ⎟

⎝ ⎠

r
 V/m. The wavelength (in m) for the wave is ___________. 

Hφ

r

Hφ

r

Hφ

r

Hφ

r
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Q. 26 – Q. 55 carry two marks each. 

 
Q.26 

The solution of the differential equation 
2

2 2 0d y dy y
dt dt

+ + =  with (0) (0) 1y y′= =  is 

(A)  (2 ) tt e−  (B)  (1 2 ) tt e−+  

(C)  (2 ) tt e−+  (D)  (1 2 ) tt e−  
 
 
Q.27 A vector ሬܲԦ is given by ሬܲԦ = 	 	ݕଷݔ Ԧܽ௫ − ଶݕଶݔ Ԧܽ௬ − ݖݕଶݔ Ԧܽ௭ . Which one of the following statements 

is TRUE? 

(A) ሬܲԦ is solenoidal, but not irrotational 
(B) ሬܲԦ is irrotational, but not solenoidal 
(C) ሬܲԦ is neither solenoidal nor irrotational 
(D) ሬܲԦ is both solenoidal and irrotational 

 
Q.28 Which one of the following graphs describes the function f(x) = ݁ି୶(xଶ + 	x + 1) ? 

 

(A)  
 

(B)  

(C)  
 
 

(D)   
 

 
Q.29 The maximum area (in square units) of a rectangle whose vertices lie on the ellipse 2 24 1x y+ =  is 

_______. 
 

 
Q.30 The damping ratio of a series RLC  circuit can be expressed as 

(A) 
2

2
R C

L
 (B) 2

2L
R C

 (C)  
2
R C

L
 (D)  2 L

R C
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Q.31 In the circuit shown, switch SW is closed at t = 0. Assuming zero initial conditions, the value of 
vc(t) (in Volts) at t = 1 sec is ________. 
 

 
 
 

Q.32 In the given circuit, the maximum power (in Watts) that can be transferred to the load RL is 
_______. 

2Ω

RL
4   0  Vrms

j2Ω

 
 

 

Q.33 The built-in potential of an abrupt p-n junction is 0.75 V. If its junction capacitance (CJ) at a reverse 
bias (VR) of 1.25 V is 5 pF, the value of CJ (in pF) when VR = 7.25 V is ________. 
 

Q.34 A MOSFET in saturation has a drain current of 1 mA for VDS = 0.5 V.  If the channel length 
modulation coefficient is 0.05 V-1, the output resistance (in kΩ) of the MOSFET is _________. 
 

Q.35 For a silicon diode with long P and N regions, the accepter and donor impurity concentrations are   
1 × 1017 cm-3 and 1 × 1015 cm-3, respectively. The lifetimes of electrons in P region and holes in N 
region are both 100 µs. The electron and hole diffusion coefficients are 49 cm2/s and 36 cm2/s, 
respectively. Assume kT/q = 26 mV, the intrinsic carrier concentration is  1 × 1010 cm-3, and   
q = 1.6 × 10-19 C. When a forward voltage of 208 mV is applied across the diode, the hole current 
density (in nA/cm2) injected from P region to N region is _____________. 
 

Q.36 The Boolean expression  F(X,Y,Z) = Xഥ Y	Zത + X	Yഥ Zത+X	Y Zത + X	Y	Z  converted into the canonical 
product of sum (POS) form is 

(A) (X+Y+Z)(X+Y+Zത)(X+Yഥ+Zത)(Xഥ+Y+Zത) (B)  (X+Yഥ+Z)(Xഥ+Y+Zത)(Xഥ+Yഥ+Z)(Xഥ+Yഥ+Zത)   
(C)  (X+Y+Z)(Xഥ+Y+Zത)(X+Yഥ+Z)(Xഥ+Yഥ+Zത) (D)  (X+Yഥ+Zത)(Xഥ+Y+Z)(Xഥ+Yഥ+Z)(X+Y+Z) 

 

vc(t)

3 Ω

10 V 2 Ω
SW

t = 0

+
5 F
6
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Q.37 All the logic gates shown in the figure have a propagation delay of 20 ns. Let A = C = 0 and B = 1 
until time t = 0. At t = 0, all the inputs flip (i.e., A = C = 1 and B = 0) and remain in that state. For 
t > 0, output Z = 1 for a duration (in ns) of ______________. 

 
 

Q.38 A 3-input majority gate is defined by the logic function ( , , )M a b c ab bc ca= + + .  Which one of 

the following gates is represented by the function ( ( , , ), ( , , ), )M M a b c M a b c c  ? 

(A) 3-input NAND gate (B) 3-input XOR gate 
(C) 3-input NOR gate (D) 3-input XNOR gate 

 
Q.39 For the NMOSFET in the circuit shown, the threshold voltage is ௧ܸ , where ௧ܸ  > 0. The source 

voltage ௌܸௌ is varied from 0 to ܸ. Neglecting the channel length modulation, the drain current ܫ 
as a function of ௌܸௌ is represented by           

 
 

(A) 

        
 

(B)  

         

(C) 

         

(D) 

           
 

VSS 

ID 

VDD – Vth 
VSS 

ID 

VDD - Vth 

VSS 
Vth 

ID ID 

VSS 
VDD – Vth 

VSS 

VDD 



GATE 2015                   SET 1                                                                                   ELECTRONICS AND COMMUNICATION ENGINEERING - EC 

EC 9/13

Q.40 In the circuit shown, assume that the opamp is ideal.  The bridge output voltage V0 (in mV) for 
δ = 0.05 is _______.  
 
 

 
 

Q.41 The circuit shown in the figure has an ideal opamp. The oscillation frequency and the condition to 

sustain the oscillations, respectively, are 

(A)  ଵCR  and  R1 = R2 (B)  ଵCR  and  R1 = 4R2 

(C)  ଵଶCR  and  R1 = R2 (D)  ଵଶCR  and  R1 = 4R2 

 
 
Q.42 In the circuit shown, I1 = 80 mA and I2 = 4 mA. Transistors T1 and T2 are identical. Assume that the 

thermal voltage VT is 26 mV at 27 oC. At 50 oC, the value of the voltage 12 1 2V V V= − (in mV) is 
_______. 

 

250 (1-δ) Ω

250 (1-δ) Ω 250 (1+δ) Ω

250 (1+δ) Ω

100 Ω

100 Ω

V0

50 Ω

1V

+

VS

I1I2

T1T2

V1V2 V12

+

vout 

2R 

+

−
R2 

C 2C R 

R1 
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Q.43 Two sequences [ ], ,a b c and [ ], ,A B C  are related as,  

                                
2

1 2 3
3 3 3

2 4
3 3

1 1 1
1 where .
1

j
A a
B W W b W e
C W W c

π
− −

− −

⎡ ⎤ ⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥ ⎢ ⎥= =⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦ ⎣ ⎦

 

If another sequence [ ], ,p q r  is derived as, 

                                
1 2 2

3 3 3
2 4 4

3 3 3

1 1 1 1 0 0 / 3
1 0 0 / 3
1 0 0 / 3

p A
q W W W B
r W W W C

⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥=⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦

, 

then the relationship between the sequences [ ], ,p q r  and [ ], ,a b c  is 

(A)  [ ] [ ], , , ,p q r b a c=  (B)  [ ] [ ], , , ,p q r b c a=  

(C)  [ ] [ ], , , ,p q r c a b=  (D)  [ ] [ ], , , ,p q r c b a=  

 
Q.44 For the discrete-time system shown in the figure, the poles of the system transfer function are 

located at 
 
 
 
 
 
 
 
 
 

(A) 2, 3 (B) ଵଶ , 3 (C)  ଵଶ , ଵଷ (D)  2, ଵଷ 
 
Q.45 The pole-zero diagram of a causal and stable discrete-time system is shown in the figure.  The zero 

at the origin has multiplicity 4. The impulse response of the system is ℎ[݊]. If ℎ[0] = 	1, we can 
conclude  
 

 
 

(A) ℎ[݊] is real for all ݊ 
(B) ℎ[݊] is purely imaginary for all ݊ 
(C) ℎ[݊] is real for only even ݊ 
(D) ℎ[݊] is purely imaginary for only odd ݊ 

0.5

0.5

-0.5

-0.5
4

Im(z)

Re(z)

X[n] Y[n]

ܼିଵ ܼିଵ
−16  

56 
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Q.46 The open-loop transfer function of a plant in a unity feedback configuration is given as 

2

( 4)( )
( 8)( 9)

K sG s
s s

+=
+ −

. The value of the gain ( 0)K >  for which 1 2j− +  lies on the root locus is 

_______. 

 
Q.47 A lead compensator network includes a parallel combination of R and C in the feed-forward path. If 

the transfer function of the compensator is 
2( )
4c

sG s
s

+=
+

, the value of RC is ________. 

 

Q.48 
A plant transfer function is given as 

1( )
( 2)

I
P

KG s K
s s s

⎛ ⎞= +⎜ ⎟ +⎝ ⎠
. When the plant operates in a 

unity feedback configuration, the condition for the stability of the closed loop system is 
 

 
(A) 0

2
I

P
KK > >  (B) 2 0I PK K> >  (C)  2 I PK K<  (D)  2 I PK K>  

 
Q.49 The input X to the Binary Symmetric Channel (BSC) shown in the figure is ‘1’ with probability 0.8. 

The cross-over probability is 1/7. If the received bit Y = 0, the conditional probability that ‘1’ was 
transmitted is _______. 
  

 
 

 

 

Q.50 The transmitted signal in a GSM system is of 200 kHz bandwidth and 8 users share a common 
bandwidth using TDMA. If at a given time 12 users are talking in a cell, the total bandwidth of the 
signal received by the base station of the cell will be at least (in kHz) ________. 

 

0 0

11

6/7

6/7

X Y

P[X = 0] = 0.2

P[X = 1] = 0.8

1/7 1/7
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Q.51 In the system shown in Figure (a), m(t) is a low-pass signal with bandwidth  W  Hz. The frequency 
response of the band-pass filter  H( f ) is shown in Figure (b). If it is desired that the output signal (ݐ)ݖ 	=  .________ the maximum value of ܹ (in Hz) should be strictly less than ,(ݐ)ݔ10	
 
 

 
 

Q.52 
A source emits bit 0 with probability 

1
3

and bit 1 with probability
2
3

. The emitted bits are 

communicated to the receiver. The receiver decides for either 0 or 1 based on the received  value 
R .  It is given that the conditional density functions of R are as 

                     

0

1 , 3 1,
( ) 4

0, otherwise,
R

x
rf

⎧ − ≤ ≤⎪= ⎨
⎪⎩

      and         1

1 , 1 5,
( ) 6

0, otherwise.
R

x
rf

⎧ − ≤ ≤⎪= ⎨
⎪⎩  

The minimum decision error probability is 
 

 (A)  0 (B)  1/12 (C)  1/9 (D)  1/6 
 
Q.53 The longitudinal component of the magnetic field inside an air-filled rectangular waveguide made 

of a perfect electric conductor is given by the following expression ܪ௭(ݔ, ,ݕ ,ݖ (ݐ = 0.1	 cos(25ݔߨ)	cos(30.3	ݕߨ)	cos(12ߨ × 10ଽݐ −  (݉/ܣ)		(ݖߚ
The cross-sectional dimensions of the waveguide are given as ܽ = 0.08	݉	and	ܾ = 0.033	݉. The 
mode of  propagation inside the waveguide is                                
 

(A) 12TM  (B) 21TM  

(C) 21TE  (D) 12TE  
 
 

Q.54 The electric field intensity of a plane wave traveling in free space is given by the following 
expression ۳(ݔ, (ݐ = 	ߨ	24	௬܉ cos(߱ݐ − ݇ݔ)		(V/m) 
In this field, consider a square area 10 cm x 10 cm on a plane ݔ + ݕ = 1. The total time-averaged 
power (in mW) passing through the square area is _______. 

 

x(t) = m(t) cos(2400πt)
Amplifier

y(t) = 10x (t) + x2(t) z(t)
Band-pass

filter

H( f )

H( f )

1700 f (Hz)0

1

700-700-1700

(a)

(b)
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Q.55 Consider a uniform plane wave with amplitude (E0) of 10 V/m and 1.1 GHz frequency travelling in 
air, and incident normally on a dielectric medium with complex relative permittivity (εr) and 
permeability (μr) as shown in the figure. 

  
 

The magnitude of the transmitted electric field component (in V/m) after it has travelled a distance 
of 10 cm inside the dielectric region is _________. 
 

 
 
 
 

 
 

END OF THE QUESTION PAPER 
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Q. 1 – Q. 25 carry one mark each. 

Q.1 
The bilateral Laplace transform of a function 

1 if 
( )

0  otherwise
a t b

f t
≤ ≤⎧

= ⎨
⎩

  

is 

(A) 
a b

s
−

 (B) ( )se a b
s
−  (C)  

as bse e
s

− −−  (D)  
( )s a be
s

−

 

 
Q.2 The value of ݔ for which all the eigen-values of the matrix given below are real is 

 10 5 + ݆ ݔ4 20 24 2 −10൩ 
(A) 5 + j (B) 5 − ݆ (C)  1 − 5݆ (D)  1 + 5݆ 

 
Q.3 Let ݂(ݖ) = 	 ௭ା௭ାௗ. If ݂(ݖଵ) = (ଶݖ)݂	 for	all ଵݖ ≠ ܽ  ,ଶݖ = 2, ܾ = 4 and ܿ = 5,		then	݀ should be 

equal to _______. 

 
Q.4 

The general solution of the differential equation 
1 cos 2
1 cos 2

dy y
dx x

+=
−

  is 

(A) tan coty x c− =  ( c  is a constant)  (B) tan cotx y c− =   ( c  is a constant) 
(C) tan coty x c+ =  ( c  is a constant)  (D) tan cotx y c+ =   ( c  is a constant) 

 
Q.5 The magnitude and phase of the complex Fourier series coefficients ܽ of a periodic signal (ݐ)ݔ are 

shown in the figure.  Choose the correct statement from the four choices given.  Notation: ܥ is the 
set of complex numbers, ܴ is the set of purely real numbers, and ܲ is the set of purely imaginary 
numbers. 
 

 
 
 

(A) (ݐ)ݔ ∈ ܴ 
(B) (ݐ)ݔ ∈ ܲ 
(C) (ݐ)ݔ ∈ ܥ) − ܴ) 
(D) the information given is not sufficient to draw any conclusion about (ݐ)ݔ 

 
 
 
 
 

0 1

1

k
2 3-3 -2 -1

|ak|

2
3

2

3

-5 4-4

k
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Q.6 The voltage ( ܸ) across the capacitor (in Volts) in the network shown is ______ . 
 
 
 
 
 
 
 
 
 

 
Q.7 In the circuit shown, the average value of the voltage Vab (in Volts) in steady state condition is 

________. 

 
Q.8 The 2-port admittance matrix of the circuit shown is given by 

 
 

 
(A) ቂ0.3 0.20.2 0.3ቃ  

(B) ቂ15 55 15ቃ 
 
(C) ቂ3.33 55 3.33ቃ  

(D) ቂ0.3 0.40.4 0.3ቃ 
 
Q.9 An n-type silicon sample is uniformly illuminated with light which generates 1020 electron-hole 

pairs per cm3 per second. The minority carrier lifetime in the sample is 1 µs. In the steady state, the 
hole concentration in the sample is approximately 10x, where x is an integer. The value of x is ___. 

 

5π sin(5000t)

1 kΩ 2 kΩ1 μF 1 mH

5 V

ab

+
Vab

80 V 40 V
~100 V,  

ܸ 

50 Hz 
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Q.10 A piece of silicon is doped uniformly with phosphorous with a doping concentration of 
1016/cm3. The expected value of mobility versus doping concentration for silicon assuming full 
dopant ionization is shown below. The charge of an electron is 1.6 ×10-19 C. The conductivity 
(in 1S cm− ) of the silicon sample at 300 K is _______.  
  

 
 

 
Q.11 If the circuit shown has to function as a clamping circuit, then which one of the following 

conditions should be satisfied for the sinusoidal signal of period T ? 
 

(A) RC << T (B) RC = 0.35 T (C)  RC ≈ T (D)  RC >> T 
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Q.12 In the circuit shown, V0 = V0A for switch SW in position A and V0 = V0B for SW in position B. 

Assume that the opamp is ideal. The value of 0

0

B

A

V
V

 is ___________.  

 
 

Q.13 In the bistable circuit shown, the ideal opamp has saturation levels of  ± 5 V. The value of  R1 (in 
kΩ) that gives a hysteresis width of  500 mV is ________. 

 

Q.14 In the figure shown, the output ܻ is required to be ܻ = ܣ ܤ + ̅ܥ  ,ഥ. The gates G1 and G2 must beܦ
respectively, 
 

 
 

(A)  NOR, OR  (B)  OR, NAND 
(C)  NAND, OR (D)  AND, NAND 

 
Q.15 In an 8085 microprocessor, which one of the following instructions changes the content of the 

accumulator? 

(A)  MOV B,M  (B)  PCHL (C)  RNZ (D)  SBI BEH 
 

5 V

V0

1 V

B A

1 kΩ

SW

1 kΩ

1 kΩ

1 kΩ

1 kΩ

+

−+
− 

R2 = 20 kΩ 

R1 

vout 

vin 
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Q.16 A mod-n counter using a synchronous binary up-counter with synchronous clear input is shown in 
the figure. The value of  n is _______. 

Q.17 Let the signal ݂(ݐ) = 	0 outside the interval [ ଵܶ, ଶܶ], where ଵܶ and ଶܶ are finite.  Furthermore, |݂(ݐ)| < 	∞ .  The region of convergence (RoC) of the signal’s bilateral Laplace transform (ݏ)ܨ is 

(A) a parallel strip containing the ݆Ω axis 
(B) a parallel strip not containing the ݆Ω axis 
(C) the entire ݏ-plane 
(D) a half plane containing the ݆Ω axis 

 
Q.18 Two causal discrete-time signals [ ]x n and [ ]y n are related as 

0
[ ] [ ]n

m
y n x m

=
=∑ .   

If the z-transform of y[n] is 
ଶ௭(௭ିଵ)మ , the value of [2]x  is _______. 

 
Q.19 By performing cascading and/or summing/differencing operations using transfer function blocks 

1( )G s and 2 ( )G s , one CANNOT realize a transfer function of the form 

(A)  1 2( ) ( )G s G s  (B)  1

2

( )
( )

G s
G s

 

(C)  1 2
1

1( ) ( )
( )

G s G s
G s

⎛ ⎞
+⎜ ⎟

⎝ ⎠
 (D)  1 2

1

1( ) ( )
( )

G s G s
G s

⎛ ⎞
−⎜ ⎟

⎝ ⎠
 

 
 
 
 
 
 
 
 
 
 

QA

CLEAR 

CLK 

4-Bit Binary 
Counter QB

QC

QD

QA

QB

QC

QD

CLOCK 



GATE 2015                     SET-2                                                                                 ELECTRONICS AND COMMUNICATION ENGINEERING - EC 

EC 6/15

Q.20 
For the signal flow graph shown in the figure, the value of 

( )
( )

C s
R s

is 

 

 

(A) 1 2 3 4

1 2 1 3 4 2 2 3 3 1 2 3 4 1 21
G G G G

G G H G G H G G H G G G G H H− − − +  
 

(B) 1 2 3 4

1 2 1 3 4 2 2 3 3 1 2 3 4 1 21
G G G G

G G H G G H G G H G G G G H H+ + + +  
 

(C) 
1 2 1 3 4 2 2 3 3 1 2 3 4 1 2

1
1 G G H G G H G G H G G G G H H+ + + +  

 

(D) 
1 2 1 3 4 2 2 3 3 1 2 3 4 1 2

1
1 G G H G G H G G H G G G G H H− − − +

 

 
 
Q.21 A unity negative feedback system has an open-loop transfer function (ݏ)ܩ = The gain .(10+ݏ)ݏܭ  ܭ

for the system to have a damping ratio of 0.25 is ________. 
 

Q.22 A sinusoidal signal of amplitude A is quantized by a uniform quantizer. Assume that the signal 
utilizes all the representation levels of the quantizer. If the signal to quantization noise ratio is 31.8 
dB, the number of levels in the quantizer is _______. 
 
 

Q.23 
The signal cos 10

4
t ππ⎛ ⎞+⎜ ⎟

⎝ ⎠
 is ideally sampled at a sampling frequency of 15 Hz. The sampled 

signal is passed through a filter with impulse response 
sin( ) cos 40 .

2
t t

t
π ππ

π
⎛ ⎞ ⎛ ⎞−⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 The filter 

output is 

(A)  
15 cos 40
2 4

t ππ⎛ ⎞−⎜ ⎟
⎝ ⎠

 (B)  
15 sin( ) cos 10
2 4

t t
t
π ππ

π
⎛ ⎞ ⎛ ⎞+⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 

(C)  
15 cos 10
2 4

t ππ⎛ ⎞−⎜ ⎟
⎝ ⎠

 (D)  
15 sin( ) cos 40
2 2

t t
t
π ππ

π
⎛ ⎞ ⎛ ⎞−⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 

 

-H3

R(s)

1 X1

X2

X3 X4

X5

C(s)

-H1 -H2

G1 G2 G3 G4

1
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Q.24 In a source free region in vacuum, if the electrostatic potential ߮ = ଶݔ2 ଶݕ	+ 	+  ଶ, the valueݖܿ	
of constant ܿ must be _______. 
 

Q.25 The electric field of a uniform plane electromagnetic wave is  
ሬԦܧ  = 	 ൫ Ԧܽ௫ + 	݆4 Ԧܽ௬൯	exp[݆(2ߨ × 10ݐ −  .[(ݖ0.2
 
The polarization of the wave is 

(A) right handed circular (B) right handed elliptical 
(C) left handed circular (D) left handed elliptical 

 

Q. 26 – Q. 55 carry two marks each. 

 
Q.26 

Consider the differential equation 10 0.2dx x
dt

= − with initial condition (0) 1x = . The response 

( )x t  for 0t >  is 

(A) 0.22 te−−  (B) 0.22 te−  (C)  0.250 49 te−−  (D)  0.250 49 te−  
 
 
Q.27 

The value of the integral  12ஶିஶ  
sin(4 )cos(2 )

4
ππ

π
tt dt

t
is ___________. 

 
Q.28 If  ܥ denotes the  counterclockwise unit circle, the value of the contour integral 12݆ߨර ݖ݀{ݖ}ܴ݁  

is _______. 

 
Q.29 Let the random variable X represent the number of times a fair coin needs to be tossed till two 

consecutive heads appear for the first time.  The expectation of X is _______. 
 

Q.30 An LC  tank circuit consists of an ideal capacitor C  connected in parallel with a coil of inductance 
L having an internal resistance R . The resonant frequency of the tank circuit is 

(A)   
1

2 LCπ
 (B)   21 1

2
CR
LLCπ

−  

(C)   2

1 1
2

L
R CLCπ

−  (D)   21 1
2

CR
LLCπ

⎛ ⎞−⎜ ⎟
⎝ ⎠
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Q.31 In the circuit shown, the Norton equivalent resistance (in Ω ) across terminals a-b is _______. 

+
- 4 Ι

2Ω

2Ω 4Ω

 Ι

 a

 b
 

 
 

Q.32 In the circuit shown, the initial voltages across the capacitors C1 and C2 are 1 V and 3 V, 
respectively. The switch is closed at time ݐ = 0. The total energy dissipated (in Joules) in the 
resistor R until steady state is reached, is __________. 
  

 
 

Q.33 A dc voltage of 10 V is applied across an n-type silicon bar having a rectangular cross-section and a 
length of 1 cm as shown in figure. The donor doping concentration ND and the mobility of electrons 

nμ  are 1016 cm-3 and 1000 cm2V-1s-1, respectively. The average time (in µs) taken by the electrons 
to move from one end of the bar to other end is ________. 

 
 

Q.34 In a MOS capacitor with an oxide layer thickness of 10 nm, the maximum depletion layer thickness 
is 100 nm. The permittivities of the semiconductor and the oxide layer are εs and εox respectively. 
Assuming εs/εox = 3, the ratio of the maximum capacitance to the minimum capacitance of this 
MOS capacitor  is ________.  
 

1 cm 

10 V 

n-Si 
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Q.35 The energy band diagram and the electron density profile n(x) in a semiconductor are shown in 

the figures. Assume that  n(x) = 10ଵହ݁ ቀഀ ౮ೖ ቁ cm-3, with ߙ = 0.1 V/cm and x expressed in cm. 
Given  ் = 0.026	V, ܦ = 36	cmଶsିଵ, and ఓ = ் .  The electron current density (in A/cmଶ ) at x = 0 is  

 
 

(A)  −4.4 × 10ିଶ (B)  −2.2 × 10ିଶ (C)  0 (D)  2.2 × 10ିଶ 
 
Q.36 A function of Boolean variables X, Y and Z is expressed in terms of the min-terms as 

 
          F(X, Y, Z) = Σ (1, 2, 5, 6, 7) 
 
Which one of the product of sums given below is equal to the function F(X, Y, Z)? 
 

(A)     )()()( ZYXZYXZYX ++⋅++⋅++  

(B)      )()()( ZYXZYXZYX ++⋅++⋅++  

(C)      )()()()()( ZYXZYXZYXZYXZYX ++⋅++⋅++⋅++⋅++   

(D)      )()()()()( ZYXZYXZYXZYXZYX ++⋅++⋅++⋅++⋅++   
 

 
Q.37 The figure shows a binary counter with synchronous clear input. With the decoding logic shown, 

the counter works as a 
 

Binary 
Counter

Q0

CLR

CLK Q1

Q2

Q3

(A)  mod-2 counter (B)  mod-4 counter (C)  mod-5 counter (D)  mod-6 counter 
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Q.38 A 1-to-8 demultiplexer with data input Din , address inputs S0, S1, S2 (with S0 as the LSB) and Yഥ0	to	Yഥ7 as the eight demultiplexed outputs, is to be designed using two 2-to-4 decoders (with 
enable input ܧത and address inputs A0 and A1) as shown in the figure. Din , S0, S1 and S2 are to be 
connected to P, Q, R and S, but not necessarily in this order. The respective input connections to P, 
Q, R, and S terminals should be 

 

(A)  S2, Din, S0, S1 (B)  S1, Din, S0, S2 

(C)  Din, S0, S1, S2 (D)  Din, S2, S0, S1 

 
Q.39 The diode in the circuit given below has ைܸே = 0.7 ܸ but is ideal otherwise. The current (in mA) in 

the 4 kΩ resistor is _______. 
 

 
 

 
Q.40 Assuming that the opamp in the circuit shown below is ideal, the output voltage ܸ (in volts) 

is________. 
 

 
 

 

 

1kΩ

3kΩ

4kΩ 6kΩ

2kΩ

1mA

D

2kΩ

12V

-12V

VO

1V

1kΩ

1Y01E

1A0

1A1

1Y1

1Y2

1Y3

2-to-4  
Decoder 

2Y02E

2A0

2A1

2Y1

2Y2

2Y3

2-to-4 
Decoder 

P
Q

R

S

Y0

Y1

Y2

Y3

Y4

Y5

Y6

Y7
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Q.41 For the voltage regulator circuit shown, the input voltage (Vin) is 20 V ± 20% and the regulated 
output voltage (Vout) is 10 V. Assume the opamp to be ideal. For a load RL drawing 200 mA, the 
maximum power dissipation in Q1 (in Watts)  is ________. 
 

 
 
 
 
 
 
 
 
 
 
Q.42 In the ac equivalent circuit shown, the two BJTs are biased in active region and have identical 

parameters with β >>1. The open circuit small signal voltage gain is approximately _______. 
 

 
 

Q.43 Input ( )x t and output ( )y t of an LTI system are related by the differential equation
( ) ( ) 6 ( ) ( )y t y t y t x t′′ ′− − = . If the system is neither causal nor stable, the impulse response ( )h t of 

the system is 

(A)  3 21 1( ) ( )
5 5

t te u t e u t−− + −  (B)  3 21 1( ) ( )
5 5

t te u t e u t−− − + −  

(C)  3 21 1( ) ( )
5 5

t te u t e u t−− −  (D)  3 21 1( ) ( )
5 5

t te u t e u t−− − −  

 

Vout Q1 

Vref 

R2 = 10 kΩ 

R1 RL 

Vin 

+

−

4 V 
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Q.44 Consider two real sequences with time-origin marked by the bold value,  

[݊]ଵݔ                                     = {, 2, 3, [݊]ଶݔ   , {0 = {, 3, 2, 1} 
Let  ଵܺ(݇) and ܺଶ(݇) be 4-point DFTs of ݔଵ[݊] and	ݔଶ[݊], respectively.  

Another sequence ݔଷ[݊]  is derived by taking 4-point inverse DFT of  ܺଷ(݇) = ଵܺ(݇)ܺଶ(݇).  
The value of ݔଷ[2] is ______. 

 
Q.45 Let (ݐ)ݔ = (ݐ)ݏ	ߙ + (ݐ)ݏ with (ݐ−)ݏ =  is unit step function. If the bilateral (ݐ)ݑ where ,(ݐ)ݑସ௧ି݁ߚ

Laplace transform of ( )x t is 

( ) 2

16
16

X s
s

=
−

{ }4 Re 4s− < < ; 

then the value of β is _______. 

 
Q.46 The state variable representation of a system is given as  

0 1
0 1

x x⎡ ⎤
= ⎢ ⎥−⎣ ⎦
& (0)ݔ   ; = ቂ10ቃ 

[ ]0 1y x=  
 
The response (ݐ)ݕ is 

(A) sin( )t  (B) 1 te−  (C)  1 cos( )t−  (D)  0 
 

 
 
 
 
Q.47 The output of a standard second-order system for a unit step input is given as 

2( ) 1 cos 3
63

ty t e t π− ⎛ ⎞= − −⎜ ⎟
⎝ ⎠

. The transfer function of the system is 

(A)  
2

( 2)( 3)s s+ +
 (B)  2

1
2 1s s+ +

 (C)  2

3
2 3s s+ +

 (D)  2

4
2 4s s+ +

 

Q.48 The transfer function of a mass-spring-damper system is given by  
(ݏ)ܩ  = ଶݏܯ1 + ݏܤ +  ܭ
 
The frequency response data for the system are given in the following table. 
 

ω  in rad/s |ܩ(݆߱)| in dB arg  in deg  ((݆߱)ܩ)
0.01 -18.5 -0.2 
0.1 -18.5 -1.3 
0.2 -18.4 -2.6 
1 -16 -16.9 
2 -11.4 -89.4 
3 -21.5 -151 
5 -32.8 -167 
10 -45.3 -174.5 

 
The unit step response of the system approaches a steady state value of ________ . 
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Q.49 

A zero mean white Gaussian noise having power spectral density 0

2
N

is passed through an LTI 

filter whose impulse response ( )h t is shown in the figure. The variance of the filtered noise at 
4t =  is 

(A) 
2

0
3
2

A N  (B) 
2

0
3
4

A N  

(C) 
2

0A N  (D) 
2

0
1
2

A N  

 
 
 
 
 

Q.50 { }n
n n

X =∞

=−∞
is an independent and identically distributed (i.i.d.) random process with ܺ equally 

likely to be  1+  or  1− .{ }n
n n

Y =∞

=−∞
  is another random process obtained as  ܻ	= ܺ	+ 0.5 ܺିଵ. The 

autocorrelation function of { }n
n n

Y =∞

=−∞
, denoted by RY[k], is 

 
(A)  (B)  

(C)  

 
 
 
 

(D)  

   
 
 

0 1

1
RY[k]

k2 3-3 -2 -1 0 1

1.25RY[k]

k2 3-3 -2 -1

0.50.5

0 1

1.25RY[k]

k2-2 -1

0.50.5
0.250.25

0 1

1.25RY[k]

k2 3-3 -2 -1

0.250.25

ℎ(ݐ) 
 3 2 1 0 ݐ

 ܣ

			ܣ−		
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Q.51 Consider a binary, digital communication system which uses pulses ( )g t and ( )g t− for transmitting 
bits over an AWGN channel. If the receiver uses a matched filter, which one of the following 
pulses will give the minimum probability of bit error? 

(A) 
t

1

10

g(t)

 
(B) 

t

1

10

g(t)

 
 
 
 

(C) 
t

1

10

g(t)

 (D) 
t

1

10

g(t)

 
 
 

Q.52 Let ܺ ∈ {0,1} and ܻ ∈ {0,1} be two independent binary random variables.  If ܲ(ܺ = 0) =  
and	ܲ(ܻ = 0) = ܺ)ܲ then ,ݍ	 + ܻ ≥ 1) is equal to 
 
(A)		ݍ + (1 − 1)( −  ݍ (B) (ݍ
(C)  1) −  (ݍ
 

(D) 1 − ݍ
 

Q.53 An air-filled rectangular waveguide of internal dimensions a  cm ×  b  cm ( )a b>  has a cutoff 

frequency of 6 GHz for the dominant 10TE mode. For the same waveguide, if the cutoff frequency 

of the 11TM mode is 15 GHz, the cutoff frequency of the 01TE mode in GHz is __________. 
 

Q.54 Two half-wave dipole antennas placed as shown in the figure are excited with sinusoidally varying 
currents of frequency 3 MHz and phase shift of π/2 between them (the element at the origin leads in 
phase). If the maximum radiated E-field at the point P in the x-y plane occurs at an azimuthal angle 
of 60°, the distance d (in meters) between the antennas is _________. 
 

 
 

 

O

Px 

y

z

d

OP >> d60°
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Q.55 The electric field of a plane wave propagating in a lossless non-magnetic medium is given by the 
following expression ۳(ݖ, (ݐ = 	5	௫܉	 cos(2ߨ × 10ଽݐ + +(ݖߚ ௬܉ 3 cos ቀ2ߨ × 10ଽݐ + ݖߚ −  	2ቁߨ
The type of the polarization is 

(A) Right Hand Circular. (B) Left Hand Elliptical. 
(C) Right Hand Elliptical. (D) Linear. 

 
 
 
 

END OF THE QUESTION PAPER 
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Q. 1 – Q. 25 carry one mark each. 

Q.1 
For  

1 tan
tan 1

x
A

x
⎡ ⎤

= ⎢ ⎥−⎣ ⎦
 ,  the determinant of 1TA A−

 
 is 

(A)  2sec x  (B)  cos 4x  (C)  1 (D)  0 
 
Q.2 The contour on the x-y plane, where the partial derivative of ݔଶ + ଶݕ with respect to ݕ is equal to 

the partial derivative of 	6ݕ +  is ,ݔ with respect to ݔ4

(A)  ݕ = 2 (B)  ݔ = 2 (C)  ݔ + ݕ = 4 (D)  ݔ– ݕ = 0 
 
Q.3 If ܥ is a circle of radius ݎ with centre ݖ, in the complex z-plane and if ݊ is a non-zero integer, then  ∮ ௗ௭(௭ି௭బ)శభ  equals 

(A)  2݆݊ߨ (B) 0 (C)  ଶగ (D)  2݊ߨ 

 
Q.4 Consider the function ( ) sin(2 ) ( )tg t e t u tπ−= where ( )u t is the unit step function. The area under 

( )g t  is _______. 

 
Q.5 

The value of 
0

1
2

n

n
n

∞

=

⎛ ⎞
⎜ ⎟
⎝ ⎠

∑ is ______. 

 

 
Q.6 For the circuit shown in the  figure, the Thevenin equivalent voltage (in Volts) across terminals a-b 

is ________. 

                                     
 
Q.7 In the circuit shown, the voltage VX (in Volts) is _______. 

 

 
 

 

8 Ω20 Ω

10 Ω

5 A VX

+

-

+
-

0.25 VX

0.5 VX

12	V 
3 Ω 6 Ω1 A a

b
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Q.8 At very high frequencies, the peak output voltage V0 (in Volts) is ________. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Q.9 Which one of the following processes is preferred to form the gate dielectric (SiO2) of MOSFETs ? 

(A)  Sputtering (B)  Molecular beam epitaxy 
(C)  Wet oxidation (D)  Dry oxidation 

 
Q.10 If the base width in a bipolar junction transistor is doubled, which one of the following statements 

will be TRUE? 

(A)  Current gain will increase. 
(B)     Unity gain frequency will increase. 
(C)     Emitter-base junction capacitance will increase. 
(D)     Early Voltage will increase. 

 
Q.11 In the circuit shown in the figure, the BJT has a current gain (ߚ) of 50. For an emitter-base  

voltage ாܸ = 600 mV, the emitter-collector voltage ாܸ   (in Volts) is _______. 
 

 

 

 
 

 

60 kΩ 
500 Ω 

3 V 

100 µF 

100 µF

100 µF 

1 kΩ 1 kΩ

1 kΩ 1 kΩ

1.0sin(ωt) V 

V0
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Q.12 In the circuit shown using an ideal opamp, the 3-dB cut-off frequency (in Hz) is _______. 
 
 

vi 

10 kΩ10 kΩ 

10 kΩ 10 kΩ 

0.1 µF 
vo

+ 

– 

 
Q.13 In the circuit shown, assume that diodes D1 and D2 are ideal. In the steady state condition, the 

average voltage Vab (in Volts) across the 0.5 μF capacitor is _____.  
 

 
Q.14 The circuit shown consists of J-K flip-flops, each with an active low asynchronous reset (Rୢ input). 

The counter corresponding to this circuit is 
 
 

 
 

(A)  a modulo-5 binary up counter  (B)  a modulo-6 binary down counter 
(C)  a modulo-5 binary down counter (D)  a modulo-6 binary up counter 

 

50 sin (ωt)

1 μF

a

Vab

0.5 μF

D1 D2

b
+
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Q.15 In the circuit shown, diodes D1 , D2  and D3 are ideal, and the inputs E1 , E2  and E3 are “0 V” for 
logic ‘0’ and “10 V” for logic ‘1’.  What logic gate does the circuit represent? 
 

 
(A)  3-input OR gate 
(B)  3-input NOR gate 
(C)  3-input AND gate 
(D)  3-input XOR gate 

 
Q.16 Which one of the following 8085 microprocessor programs correctly calculates the product of  two 

8-bit numbers stored in registers B and C? 

 
(A)                  MVI A, 00H 
                        JNZ LOOP                                 
                        CMP C                                        
           LOOP   DCR B                                      
                         HLT                                           
 

(B) 
 

       MVI A, 00H 
       CMP C 

LOOP   DCR B  
             JNZ LOOP 
             HLT 

(C)                  MVI A, 00H 
           LOOP  ADD C 
                        DCR B 
                        JNZ LOOP 
                        HLT 

(D)                     MVI A, 00H 
                          ADD C 
                          JNZ LOOP 
             LOOP   INR B 
                          HLT 

 
 
Q.17 The impulse response of an LTI system can be obtained by 

(A) differentiating the unit ramp response 
(B) differentiating the unit step response  
(C) integrating the unit ramp response 
(D) integrating the unit step response 

 
Q.18 Consider a four-point moving average filter defined by the equation 

3

0
[ ] [ ]ii

y n x n iα
=

= −∑ .  

The condition on the filter coefficients that results in a null at zero frequency is 

(A) 1 2 0 30;α α α α= = = −   (B)  1 2 0 31;α α α α= = = −  

(C)  0 3 1 20;α α α α= = =  (D)  1 2 0 30;α α α α= = =  

 

1 kΩ

V0

10V

E1

E2

E3

D1

D2

D3
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Q.19 Consider the Bode plot shown in the figure.  Assume that all the poles and zeros are real-valued. 
 

 
 

The value of ۶  .___________ is (in Hz) ۺ	−

 
Q.20 

The phase margin (in degrees) of the system 10( )
( 10)

G s
s s

=
+

 is _______. 

 
 
Q.21 The transfer function of a first-order controller is given as 

(ݏ)ܩ  = ݏ)ܭ + ݏ(ܽ + ܾ  
 
where ܭ, ܽ	and	ܾ are positive real numbers. The condition for this controller to act as a phase lead 
compensator is 

(A) ܽ < ܾ (B) ܽ > ܾ (C)  ܭ < ܾܽ (D)  ܭ > ܾܽ 
 
 
Q.22 The modulation scheme commonly used for transmission from GSM mobile terminals is 

(A) 4-QAM 
(B) 16-PSK 
(C) Walsh-Hadamard orthogonal codes 
(D) Gaussian Minimum Shift Keying (GMSK) 

 
Q.23 A message signal m(t) = Am sin(2πfmt) is used to modulate the phase of a carrier Ac cos(2πfct) to get 

the modulated signal  y(t) = Ac cos(2πfct + m(t)). The bandwidth of  y(t) 

(A) depends on Am but not on fm 
(B) depends on fm but not on Am 
(C) depends on both Am and fm 
(D) does not depend on Am or fm 

 
Q.24 The directivity of an antenna array can be increased by adding more antenna elements, as a larger 

number of elements 

(A)  improves the radiation efficiency 
(B)  increases the effective area of the antenna  
(C)  results in a better impedance matching 
(D)  allows more power to be transmitted by the antenna 

 
 
 
 

Freq. (Hz)

40 dB

300 900fL fH
0 dB

40 dB/dec

− 40 dB/dec
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Q.25 A coaxial cable is made of two brass conductors. The spacing between the conductors is filled with 
Teflon '( 2.1,  tan 0)rε δ= = . Which one of the following circuits can represent the lumped 
element model of a small piece of this cable having length ∆ݖ? 

(A) 

RΔz / 2 LΔz / 2 RΔz / 2 LΔz / 2

GΔz CΔz

Δz  (B) 

RΔz / 2 LΔz / 2 RΔz / 2 LΔz / 2

CΔz

Δz  
 
 
 

(C) 

LΔz / 2 LΔz / 2

GΔz CΔz

Δz  (D) 

RΔz LΔz

GΔz CΔz

Δz  

 

Q. 26 – Q. 55 carry two marks each. 

 
 
Q.26 The Newton-Raphson method is used to solve the equation f (x) = x3 – 5x2 + 6x – 8 = 0. Taking the 

initial guess as x = 5, the solution obtained at the end of the first iteration is __________. 
 

 
Q.27 A fair die with faces {1, 2, 3, 4, 5, 6} is thrown repeatedly till ‘3’ is observed for the first time. Let 

X  denote the number of times the die is thrown. The expected value of X  is ____. 
 

 
Q.28 Consider the differential equation ݀ଶݐ݀(ݐ)ݔଶ + ݐ݀(ݐ)ݔ3݀ + (ݐ)ݔ2 = 0. 

 
Given  x(0) = 20 and x(1) = 10/e, where e = 2.718, the value of  x(2) is _________. 

 
Q.29 A vector field ۲ = ఘ܉	ଶߩ2 + ߩ  exists inside a cylindrical region enclosed by the surfaces	௭܉		ݖ = 1, ݖ = 0		and ݖ = 5. Let S be the surface bounding this cylindrical region. The surface integral 

of this field on S ቀ∯ ۲. ௌܛ܌ ቁ is _______. 
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Q.30 In the circuit shown, the current I flowing through the 50 Ω resistor will be zero if the value of 
capacitor C (in μF) is ______.  
 

 
 

 
Q.31 The ABCD parameters of the following 2-port network are 

 

 
 

 

(A) 3.5 + ݆2 20.520.5 3.5 − ݆2൨  

(B) 3.5 + ݆2 30.50.5 3.5 − ݆2൨ 
 

(C)  10 2 + ݆02 + ݆0 10 ൨  

(D) 7 + ݆4 0.530.5 7 − ݆4൨ 
 
 
Q.32 A network is described by the state model as 

ሶଵݔ  = ଵݔ	2 − ଶݔ + ሶଶݔݑ3 = ଶݔ4− − ݕ										ݑ = ଵݔ3 − 							ଶݔ2  

 
The transfer function (ݏ)ܪ	ቀ= (௦)(௦)ቁ  is  
 

(A)  ଵଵ௦ାଷହ(௦ିଶ)(௦ାସ) (B)  ଵଵ௦ିଷହ(௦ିଶ)(௦ାସ) 
 

(C)  ଵଵ௦ାଷ଼(௦ିଶ)(௦ାସ) (D)  ଵଵ௦ିଷ଼(௦ିଶ)(௦ାସ) 
 

 

C

1 mH 1 mH

1 mH

50 Ω

5π sin(5000t) I
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Q.33 The electric field profile in the depletion region of a p-n junction in equilibrium is shown in the 
figure. Which one of the following statements is NOT TRUE? 

(A)  The left side of the junction is n-type and the right side is p-type 

(B)  Both the n-type and p-type depletion regions are uniformly doped  

(C)  The potential difference across the depletion region is 700 mV 

(D)  If the p-type region has a doping concentration of 1015 cm-3, then the doping concentration in  
the n-type region will be 1016 cm-3 

 
Q.34 The current in an enhancement mode NMOS transistor biased in saturation mode was measured to 

be 1 mA at a drain-source voltage of 5 V. When the drain-source voltage was increased to 6 V 
while keeping gate-source voltage same, the drain current increased to 1.02 mA.  Assume that drain 
to source saturation voltage is much smaller than the applied drain-source voltage. The channel 
length modulation parameter ߣ (in ܸିଵ) is _______. 
 

 
Q.35 An npn BJT having reverse saturation current SI  = 10-15 A is biased in the forward active region 

with BEV  = 700 mV. The thermal voltage ( TV ) is 25 mV and the current gain ( β ) may vary from 
50 to 150 due to manufacturing variations. The maximum emitter current (in µA) is ________. 

 
Q.36 A three bit pseudo random number generator is shown. Initially the value of output  

Y ≡ Y2 Y1 Y0 is set to 111.  The value of output Y after three clock cycles is 
 

 
 
 

(A)  000 (B)  001 (C)  010 (D)  100 
 
 
 

X (µm) 1.0 0.5 − 0.1 0 

104 

E 
(V/cm) 
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Q.37 A universal logic gate can implement any Boolean function by connecting sufficient number of 
them appropriately.  Three gates are shown.   
 

   
                   Gate 1                                               Gate 2                               Gate 3    
 
Which one of the following statements is TRUE? 
 

(A)  Gate 1 is a universal gate. 
(B)   Gate 2 is a universal gate. 
(C)   Gate 3 is a universal gate. 
(D)   None of the gates shown is a universal gate. 

 
Q.38 An SR latch is implemented using TTL gates as shown in the figure. The set and reset pulse inputs 

are provided using the push-button switches. It is observed that the circuit fails to work as desired. 
The SR latch can be made functional by changing 

(A)  NOR gates to NAND gates 

(B)  inverters to buffers 

(C)  NOR gates to NAND gates and inverters to buffers 

(D)  5 V to ground 

 
Q.39 In the circuit shown, assume that the opamp is ideal.  If the gain (vo / vin) is –12, the value of   

R (in kΩ) is _____. 
 

 
 

 

 

vin

v0 

R10 kΩ

10 kΩ 10 kΩ

5 V 

Q

Q

Set 

Reset 
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Q.40 In the circuit shown, both the enhancement mode NMOS transistors have the following 
characteristics: ݇ = ܹ)௫ܥߤ ⁄ܮ ) = ܣ1݉ ܸଶ⁄ ; ்ܸ ே = 1ܸ. Assume that the channel length 
modulation parameter ߣ is zero and body is shorted to source. The minimum supply voltage ܸ (in 
volts) needed to ensure that transistor M1 operates in saturation mode of operation is   _______. 
 

 
Q.41 In the circuit shown, assume that the diodes D1 and D2 are ideal.  The average value of voltage Vab 

(in Volts), across terminals ‘a’ and ‘b’ is _________.  
 
 

 
 

 
Q.42 Suppose ݔ[݊]	is an absolutely summable discrete-time signal. Its z-transform is a rational function 

with two poles and two zeroes. The poles are at ݖ = ±2݆. Which one of the following statements is 
TRUE for the signal  ?[݊]ݔ

(A) It is a finite duration signal. 
(B) It is a causal signal. 
(C) It is a non-causal signal. 
(D) It is a periodic signal. 

 

 

M1

M2

VDD

2V

20 kΩ10 kΩ

10 kΩ
6π sin(ωt) a b

D1 D2

Vab

+



GATE 2015                   SET-3                                                                                   ELECTRONICS AND COMMUNICATION ENGINEERING - EC 

EC 11/14

Q.43 A realization of a stable discrete time system is shown in the figure. If the system is excited by a 
unit step sequence input [ ]x n , the response [ ]y n  is 

                                 

(A)  
1 24 [ ] 5 [ ]
3 3

n n

u n u n⎛ ⎞ ⎛ ⎞− − −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 (B)  
2 15 [ ] 3 [ ]
3 3

n n

u n u n⎛ ⎞ ⎛ ⎞− − −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 

(C)  
1 25 [ ] 5 [ ]
3 3

n n

u n u n⎛ ⎞ ⎛ ⎞−⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 (D)  
2 15 [ ] 5 [ ]
3 3

n n

u n u n⎛ ⎞ ⎛ ⎞−⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 

 
Q.44 Let ݔ[݊] = 1 + cos ቀగ଼ቁ	 be a periodic signal with period 16. Its DFS coefficients are defined by 

[ ]
0

151 exp( )
16 8n

ka x n j knπ
=

= −∑% for all k . The value of the coefficient  ܽଷଵ is _______. 

 
Q.45 Consider a continuous-time signal defined as 

(ݐ)ݔ  = ቆsin	(ݐߨ 2⁄ ݐߨ)( 2⁄ ) ቇ ∗  	δ(ݐ − 10݊)∞

ୀି∞  

 
where ‘∗’ denotes the convolution operation and t is in seconds. The Nyquist sampling rate (in 
samples/sec) for (ݐ)ݔ is _____. 

 
Q.46 The position control of a DC servo-motor is given in the figure. The values of the parameters are 

21 N-m/A, 1 ,  0.1H, 5kg-m , 1 N-m/(rad/sec) and 1V/(rad/sec)T a a bK R L J B K= = Ω = = = = . 
The steady-state position response (in radians) due to unit impulse disturbance torque ௗܶ is 
_______. 

Kb

1
sVa(s)

+
+-

-

Td(s)

1
J s+B

KT

Ra+La s
θ(s)

 
 

 
 
 
 
 

[݊]ݔ +ଵିݖ
+

+
ଵିݖ

 1[݊]ݕ

−2/9 5/3 

−5/3 
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Q.47 For the system shown in the figure, ݏ = −2.75 lies on the root locus if ܭ is  _______. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Q.48 The characteristic equation  of an LTI system is given by F(s) = s5 + 2s4 + 3s3 + 6s2 – 4s – 8 = 0. 
The number of roots that lie strictly in the left half s-plane is _________.  
 

 
Q.49 Two sequences ݔଵ[݊]	 and ݔଶ[݊] have the same energy. Suppose ݔଵ[݊] =  is a ߙ where ,[݊]ݑ	0.5	ߙ

positive real number and ݑ[݊] is the unit step sequence. Assume 
[݊]ଶݔ  = ൜ √1.5 for ݊ = 0, 10 otherwise.  

Then the value of ߙ is _________. 

 

Q.50 
The variance of the random variable X with probability density function 

1( )
2

xf x x e−=  is 

_______. 
 
Q.51 

The complex envelope of the bandpass signal 
sin( / 5)( ) 2 sin( )

/ 5 4
tx t t

t
π ππ

π
⎛ ⎞= − −⎜ ⎟
⎝ ⎠

, centered 

about 
1
2

f =  Hz, is 

(A)
   

4sin( / 5)
/ 5

jt e
t

ππ
π

⎛ ⎞
⎜ ⎟
⎝ ⎠

 (B)  4sin( / 5)
/ 5

jt e
t

ππ
π

−⎛ ⎞
⎜ ⎟
⎝ ⎠

 

(C)  
 

4sin( / 5)2
/ 5

jt e
t

ππ
π

⎛ ⎞
⎜ ⎟
⎝ ⎠

 (D)
  

4sin( / 5)2
/ 5

jt e
t

ππ
π

−⎛ ⎞
⎜ ⎟
⎝ ⎠

 

 
 

Y(s) s+3
s+2 K 

 

- 
+  
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Q.52 A random binary wave (ݐ)ݕ is given by 
(ݐ)ݕ  = 	  ܺ	ݐ) − ݊ܶ − 	߶)ஶ

ୀିஶ  

 
where (ݐ) = (ݐ)ݑ − ݐ)ݑ − ܶ), u(t) is the unit step function and ߶	is an independent random 
variable with uniform distribution in [0,T]. The sequence {ܺ} consists of independent and 
identically distributed binary valued random variables with ܲ{ܺ = 	+1} = ܲ{ܺ = 	−1} = 0.5 for 
each n.  
 
The value of the autocorrelation ܴ௬௬ ቀଷସ் ቁ ≜ ܧ ቂݕ(ݐ)ݕ ቀݐ − ଷସ் ቁቃ equals ________. 
 

 
Q.53 Consider the 3 m long lossless air-filled transmission line shown in the figure. It has a characteristic 

impedance of 120π Ω, is terminated by a short circuit, and is excited with a frequency of 37.5 MHz. 
What is the nature of the input impedance (Zin)? 
 

 
 

(A) Open (B) Short (C)  Inductive (D)  Capacitive 
 

 

Q.54 A 200 m long transmission line having parameters shown in the figure is terminated into a load ܴ. 
The line is connected to a 400 V source having source resistance ܴௌ through a switch, which is 
closed at t = 0.  The transient response of the circuit at the input of the line (z = 0) is also drawn in 
the figure. The value of  ܴ	(in	Ω)	 is ________. 
 

 
 

 
Q.55 A coaxial capacitor of inner radius 1 mm and outer radius 5 mm has a capacitance per unit length of 

172 pF/m. If the ratio of outer radius to inner radius is doubled, the capacitance per unit length  
(in pF/m)  is ________. 

ZL=0

Zin 3 m

RL

VS = 400 V 

R S =  150 Ω 

z = 0 z = L

200 m

R 0 = 50Ω
ε r,eff     = 2.25
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Question Number : 6  Question Type : MCQ

Options :



Question Number : 7  Question Type : MCQ

Options :

Question Number : 8  Question Type : NAT

Correct Answer :
1.9 to 2.2

Question Number : 9  Question Type : MCQ

Options :

Question Number : 10  Question Type : MCQ



 

 

Options :

Number of Questions: 55
Section Marks: 85.0

Question Number : 11  Question Type : MCQ

Options :

Question Number : 12  Question Type : MCQ

Options :

Question Number : 13  Question Type : MCQ

Prabhat_Verma
Typewritten text
Q.11 to Q.35 carry 1 mark each & Q.36 to Q.65 carry 2 marks each.

Prabhat_Verma
Rectangle



Options :

Question Number : 14  Question Type : NAT

Correct Answer :
0.14 to 0.16

Question Number : 15  Question Type : NAT

Correct Answer :
2

Question Number : 16  Question Type : NAT

Correct Answer :
10

Question Number : 17  Question Type : NAT



Correct Answer :
7.95 to 8.05

Question Number : 18  Question Type : NAT

Correct Answer :
0.49 to 0.51

Question Number : 19  Question Type : MCQ



Options :

Question Number : 20  Question Type : MCQ

Options :

Question Number : 21  Question Type : NAT

Correct Answer :
2

Question Number : 22  Question Type : NAT



Correct Answer :
159 to 160

Question Number : 23  Question Type : NAT

Correct Answer :
100

Question Number : 24  Question Type : MCQ

Options :

Question Number : 25  Question Type : MCQ



Options :

Question Number : 26  Question Type : MCQ

Options :

Question Number : 27  Question Type : MCQ



Options :

Question Number : 28  Question Type : MCQ

Options :

Question Number : 29  Question Type : NAT

 Correct Answer :
8970

Question Number : 30  Question Type : NAT



Correct Answer :
84.0 to 84.5

Question Number : 31  Question Type : MCQ

Options :

Question Number : 32  Question Type : MCQ

Options :

Question Number : 33  Question Type : MCQ

Options :



 

Question Number : 34  Question Type : MCQ

Options :

Question Number : 35  Question Type : MCQ

Options :



Question Number : 36  Question Type : NAT

Correct Answer :
4.25 to 4.35

Question Number : 37  Question Type : NAT

Correct Answer :
6

Question Number : 38  Question Type : NAT

Correct Answer :
0.83 to 0.88

Question Number : 39  Question Type : NAT

Correct Answer :
78 to 79

Question Number : 40  Question Type : NAT



Correct Answer :
20

Question Number : 41  Question Type : MCQ

Options :

Question Number : 42  Question Type : MCQ



Options :

Question Number : 43  Question Type : MCQ

Options :

Question Number : 44  Question Type : NAT



Correct Answer :
0.018 to 0.026

Question Number : 45  Question Type : NAT

Correct Answer :
1465 to 1485

Question Number : 46  Question Type : MCQ

Options :

Question Number : 47  Question Type : MCQ



Options :

Question Number : 48  Question Type : MCQ

Options :

Question Number : 49  Question Type : NAT



Correct Answer :
1

Question Number : 50  Question Type : NAT

Correct Answer :
2.9 to 3.1

Question Number : 51  Question Type : NAT



Correct Answer :
4.85 to 5.15

Question Number : 52  Question Type : MCQ

Options :

Question Number : 53  Question Type : MCQ



Options :

Question Number : 54  Question Type : NAT

Correct Answer :
0.48 to 0.52

Question Number : 55  Question Type : NAT



Correct Answer :
0.39 to 0.41

Question Number : 56  Question Type : NAT

 Correct Answer :
-0.51 to -0.49

Question Number : 57  Question Type : NAT

Correct Answer :
0.29 to 0.31

Question Number : 58  Question Type : NAT



Correct Answer :
2

Question Number : 59  Question Type : NAT

Correct Answer :
1.49 to 1.51

Question Number : 60  Question Type : NAT

Correct Answer :
6

Question Number : 61  Question Type : MCQ

Options :

Question Number : 62  Question Type : NAT



Correct Answer :
0.24 to 0.26

Question Number : 63  Question Type : MCQ

Options :

Question Number : 64  Question Type : NAT



Correct Answer :
29 to 31

Question Number : 65  Question Type : NAT

Correct Answer :
120.0 to 120.4


