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(c) USA and Canada together have less than 50% of the medals awarded to the nations
in the above table.
(d) Canada has won twice as many total medals as Japan.

Ans. (c)

Nation | Gold | Silver | Bronze
USA 40 44 41
Canada | 39 27 24
Japan 20 12 13
Australia | 17 19 16
France 16 26 22

Total medals awarded to the nations = 376

Medals awarded to USA = 125

Medals awarded to Canada = 90

Medals awarded to USA and Canada = 90 + 125 = 215

ﬁmoo = 57.18%
376
= USA and Canada together have 57.18% of the total medals awarded to the nations.

End of Solution

Q.10 Anorganization allows its employees to work independently on consultancy projects but
charges an overhead on the consulting fee. The overhead is 20% of the consulting fee,
if the fee is up to . 5,00,000. For higher fees, the overhead is . 1,00,000 plus 10% of
the amount by which the fee exceeds . 5,00,000. The government charges a Goods and
Services Tax of 18% on the total amount (the consulting fee plus the overhead). An
employee of the organization charges this entire amount, i.e., the consulting fee, overhead,
and tax, to the client. If the client cannot pay more than . 10,00,000, what is the maximum
consulting fee that the employee can charge?

(a) 7,01,438 (b) 7,24,961
(c) 7,51,232 (d)y 7,75,784

Ans. (b)
Let, consultation fee = X
Case (i):
If X <5,00,000
Overhead = 20% of X = 0.2X
Total cost = X + 0.2X = 1.2X

Tax = 18% of1.2X=(£)1.2X= 0.216X
100
Total amount paid by client = 1.2X + 0.216X = 1.416X
Given that, the client can only pay 10,00,000.
= 1.416 X = 10,00,000
= X =7,06,215
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Case (ii):
If X > 500000
Overhead = 1,00,000 + 10%[X — 500000]
= 1,00,000 + 0.1[X — 500000]
Total cost = X + 100000 + 0.1[X — 500000]
= 1.1X + 50000

Tax = %(1 .1X +50000) = 0.198 X + 9000

Total amount paid by client = 1.1 X + 50000 + 0.198X + 9000 = 1.298 X + 59000
Given that, the client can only pay 1000000
= 1.298 X + 59000 = 1000000
X = 724,961
- Maximum consultation fee that the client can afford = 724961.

End of Solution
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SECTION - B

Consider the matrix A below:

Q.11

o o W

TECHNICAL

O QR N
< ™ o U

For which of the following combinations of a, B and v, is the rank of A at least three?

(i) a=0andpPp=v=0
(i) a=B=y=0

(i) p=y=0anda =0
(iv) a=pf=vy=#0

(@ Only (i), (iii), and (iv)
(c) Only (ii)

(a)

Ans.

(b) Only (iv)
(d) Only (i) and (iii)

End of Solution

Q.12 Consider the following series:

=1
M X5

Y

n=1

e —1
(i) n(n +1)
(ii) i

n=1
(a) Only
(c) Only

(b)

]
nl
(i) converges
(iii) converges
Ans.

1

25

n=1

() -3

n=1"0

By P-test: P= 1

N | —

—<

.. Series is divergent.

(o) Only (ii) and (iii) converge
(d) All three converge

= - 1 o 1 1 1
" _ - __ =1
(i ZQU" z1n(n+1) zqn n+1 n+1
As N — oo
=1
- It is convergent.
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(iii) 21%
By ratio test:
1
lim —2— = fim —0L — w5
n— oo Un+1 N— oo 1
(n+N!

.. It is convergent.

End of Solution

Q.13 A pot contains two red balls and two blue balls. Two balls are drawn from this pot
randomly without replacement.

What is the probability that the two balls drawn have different colours?

@ ©) 5

© (d) 1

4 ——— Total balls

Ans. (a)

2R 2B
1R 1B Drawn
2 2
Cix<C, 4 2
P(E)= A~ =222
c, 6 3

End of Solution

Q.14 Consider a frequency-modulated (FM) signal
f(t) = A, cos(2nf t + 3sin(2nfi) + 4sin(6rft)),
where A, and f, are, respectively, the amplitude and frequency (in Hz) of the carrier

waveform. The frequency f, is in Hz, and assume that f, >100f,.

The peak frequency deviation of the FM signal in Hz is
(@) 157, (b) 12f,
(c) 4f, (d) 2f,
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Ans.

(a)
f(t) = Ascos|[2nft + 3sin(2nff) + 4sin(6rfy)]
General expression of angle modulated signal,
s(t) = A;cos[2nft + o(t)]
From comparison: ¢(f) = 3sin2nf,t + 4sin6nf,t
Peak frequency deviation:

1 d
Af=|——0o(t
‘211: dz‘q)()

max

= ‘ 2i[3 x 2nf,cos2nft + 4 x 6nf,cos6mnft]
Y

max

= |3fcos2nft +12fcosbnft|  =3f+12f =151,

End of Solution

Q.15

Ans.

Consider an additive white Gaussian noise (AWGN) channel with bandwidth Wand noise
N
power spectral density ?" Let P, denote the average transmit power constraint.

Which one of the following plots illustrates the dependence of the channel capacity C
on the bandwidth W (keeping P,, and N, fixed)?

C C

(a) (b)

B
B

(a)
We know that, C= BI092(1+%)

Given average transmitted power = P, and channel bandwidth = W.

P
C= av
Wlogz(1 + N, WJ

Given P,, and N, are fixed.

Let, & = K (fixed)
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Evaluating C for various W values with fixed K value, plot between C and W will be
as below:
c

End of Solution

Q.16  The Nyquist plot of a system is given in the figure below. Let wp, ©,, 0y and wg be
the positive frequencies at the points P, Q, R, and S, respectively.
Which one of the following statements is TRUE?

w=0 Imaginary axis

—————————————————— B et
Real axis

&

wg is the gain crossover frequency and o, is the phase crossover frequency
o, is the gain crossover frequency and oy is the phase crossover frequency
o, is the gain crossover frequency and wg is the phase crossover frequency
oy is the gain crossover frequency and o, is the phase crossover frequency

~ =~
a2 o

Ans. (d)

Q.17 Consider the discrete-time system below with input x[n] and output y[n]. In the figure,
h,[n] and h,[n] denote the impulse responses of LTI Subsystems 1 and 2, respectively.
Also, 8[n] is the unit impulse, and b > 0.
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Assuming h,[n] # 8[n], the overall system (denoted by the dashed box) is

ol | ()| gl |—(F)

1 1
H |
aln] — — yln]
i Subsystem 1 Subsystem 2 i
1 1
i |

b 3[n] b 3[n]
(@) linear and t|me|nvar|ant ------------- (b)lmearandtlmevarlant
() nonlinear and time invariant (d) nonlinear and time variant
Ans. (d)
p(n) q(n)
x[n] ——={ hyln] hyln] yln]
b 8[n] —b 8[n]
p(n) = [x(n) * hy(n)] + bd(n)
= q(n) = hu(n) = pin) = hp(n) = [x(n) = () + B3()]
= x(n) * hy(n) * hy(n) + bh,(n) [~ hy(n)*8(n) = hy(n)]
= y(n) = q(n) - bd(n)
= [x(n) = () = p(n) + b~ ha(n)] = B3(n)
y(n) = x(n) * hy(n) * hy(n) + bhy(n) — B3(n)
f(n)
where, f(n) = bh,(n) - bd(n)
Because of f(n) in the output y(n), the system is non-linear and time-variant.

End of Solution

Q.18 Consider a continuous-time, real-valued signal f(t) whose Fourier transform

Flo) = T f(f)exp(—jwi)dt exists.

—oo

Which one of the following statements is always TRUE?

oo

@ |Fo)|< [0 (0) [F@)|> [ |#0)]a
© |Fl)|< [ fpat (d) [F)|= [ f@at
Ans. (a)
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= | Fw)| =

[ fe o ar

—oo

=

< | ‘f(t)e""‘” ‘dt

Q.19

End of Solution

Consider a part of an electrical network as shown below. Some node voltages, and the
current flowing through the 3 Q resistor are as indicated.

The voltage (in Volts) at node X is

IDZE=EA
2+1 3
2\ 20
V= 8-[2xs|=2v
; (Xs 3

End of Solution
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Q.20 Let i, i, and iy be the currents flowing through the capacitor, inductor, and resistor,
respectively, in the circuit given below. The AC admittances are given in Siemens(S).

Which one of the following is true?

iCLJ i l iRl

+

1290°V <~) _‘,jo.zs s g Jjois Zozs
(8) ip=0252180° A, i, = 0.1£0° A iy = 0.2290° A
(b) i, = 4£180° A, i, = 10£0° A, ip=5290° A
(c) i, =0.256£270° A, i, = 0.1£90° A, ip=0.2290° A
(d) ip = 4290° A, i = 10£270° A, iy = 520° A

Ans. (a)

* Ir I Ie
1290° <~) 5§ 0.9 % Ljoas Tj0.25s

1490 (0.2) = 0.2£90°
1290 (0.1£-90) = 0.1£0°

IE’
IL
I, = 1490 (0.25£90) = 0.25£180°

End of Solution

Q.21 A simplified small-signal equivalent circuit of a BJT-based amplifier is given below.
The small-signal voltage gain V_/V, (in V/V) is

AAAA

—-BR
@ Fore

-BR
© &
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Ans. (a)

»
(V)
O
;.\
AAAA
\AAAJ

Bly

AAAA
\AAAJ
3
<

Vo BlyxA
Vs - Ib(Rs +r1r)
Y _ BAR
Vo RAg+ry

End of Solution

Q.22 The ideal BJT in the circuit given below is biased in the active region with a 8 of 100.

If 75 is 10 pA, then V. (in Volts, rounded off to two decimal places) is

Vee=10V
5kQ
RB
+
— V%E
IB
3 kQ
(@) 4.95 (b) 3.03
(c) 1.92 (d) 3.73

Ans. (c)
Since, I, = Bl = 10015 I = 1011,
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I;=0.01 mA
By KVL: 10 =5 x 10175 + Ve + 3 x 1011,
Ve = 10 - 808 x 0.01
Ve =192V
Q.23 A 3-input majority logic gate has inputs X, Y and Z The output F of the gate is logic
‘1" if two or more of the inputs are logic ‘1’. The output F is logic ‘O’ if two or more of
the inputs are logic ‘0.
Which one of the following options is a Boolean expression of the output F7?
@ XY+ YZ+ 2ZX by XeY® Z
) X+ Y+ Z (dy Xyz
Ans. (a)
Given inputs are,
X Y Z F
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1
From 3-variable k-map:
X |yz yz yz yz
x A
x A
F=yz+xy+xz
Q.24 A full adder and an XOR gate are used to design a digital circuit with inputs X, Y, and

Z, and output F, as shown below. The input Zis connected to the carry-in input of the
full adder.
If the input Z is set to logic ‘1, then the circuit functions as with X and Y
as inputs.
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(a) an adder
(c) a multiplier

(b) a subtractor

(d) a binary to Gray code converter

Ans. (b)

X
Q.25 Consider the function . R— R defined as

fx) = 2x3 — 3x%2 — 12x + 1

Which of the following statements is/are correct?

(Here, R is the set of real numbers.)

(a) fhas no global maximizer (o) f has no global minimizer

(¢) x = =1 is a local minimizer of f (d) x = 2 is a local maximizer of f
Ans. (a, b)

f(x) = 6x — 6x — 12
f(x) =0
6x2 —6x —12=0
6(x*>-x-2)=0
Bx-2)x+1)=0
x=2
x=-1
Plx) = 12x — 6
f(x),., =12x2-6
=18 >0
x = 2 = local minima
Fo),_, =12 x-1-6
=-12-6
=-18 <0

-1 = local maxima

=
I
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x=-1 x=2

So function has neither global maxima nor global minima.

Q.26 Consider the unity-negative-feedback system shown in Figure (i) below, where gain K> 0.
The root locus of this system is shown in Figure (ii) below.
For what value(s) of K will the system in Figure (i) have a pole at =1 + j17?
R(s) || K II || G(s) II Y(s)
Figure (i)
Al
@
&
g
E
-1 :
-4 - =2 -1
Real axis
© Open loop zeros
X Open loop poles Figure (ii)
]
(@ K=5 (b) K =5
(c) For no positive value of K (d) For all positive values of K
Ans. (c)
Since, the given pole —1 + j1 is not on the Root locus, hence the system has no positive
value of K at -1 + j1.
Q.27 Let x[n] be a discrete-time signal whose z-transform is X(z).

Which of the following statements is/are TRUE?

(a) The discrete-time Fourier transform (DTFT) of x[n] always exists

(b) The region of convergence (RoC) of X(z) contains neither poles nor zeros

(c) The discrete-time Fourier transform (DTFT) exists if the region of convergence (RoC)
contains the unit circle

(d) If x[n]= ad[n], where d[n] is the unit impulse and o is a scalar, then the region of
convergence (RoC) is the entire z-plane
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Ans. (c, d)

End of Solution

Q.28 Consider a message signal m(t) which is bandlimited to [-W, W], where W is in Hz.
Consider the following two modulation schemes for the message signal:
e Double sideband-suppressed carrier (DSB-SC):
fosg(t) = Am(t) cos(2nf t)
e Amplitude modulation (AM):
fau(t) = A1 + u m(t)) cos(2nf t)

Here, A, and f, are the amplitude and frequency (in Hz) of the carrier, respectively. In
the case of AM, py denotes the modulation index.

Consider the following statements:
(i) Anenvelope detector can be used for demodulation in the DSB-SC scheme if m(t) > 0

for all t.
(ii) Anenvelope detector can be used for demodulation in the AM scheme only if m(t) > 0
for all t.
Which of the following options is/are correct?
(@) (i) is TRUE (b) (i) is FALSE
(c) (i) is TRUE (d) (ii) is FALSE
Ans. (a, d)

If m(t) > O for all t, envelope detector can be used for demodulation of DSB-SC signal.
Even for m(t) <0, envelope detector can be used for demodulation of AM signal.

End of Solution

Q.29 Which of the following statements is/are TRUE with respect to an ideal opamp?
(@) It has an infinite input resistance
(o) It has an infinite output resistance
(c) It has an infinite open-loop differential gain
(d) It has an infinite open-loop common-mode gain

Ans. (a, ¢)
X

End of Solution

Q.30 Which of the following statements is/are TRUE with respect to ideal MOSFET-based DC-
coupled single-stage amplifiers having finite load resistors?
(a) The common-gate amplifier has an infinite input resistance
(b) The common-source amplifier has an infinite input resistance
(c) The input and output voltages of the common-source amplifier are in phase
(d) The input and output voltages of the common-drain amplifier are in phase

Ans. (b, d)
End of Solution
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Q.31 Which of the following can be used as an n-type dopant for silicon?
Select the correct option(s).

(a) Arsenic (o) Boron

(c) Gallium (d) Phosphorous
Ans. (a, d)

X

End of Solution

Q.32 The function y(t) satisfies
t2y”(t) - 2ty’(t) + 2y(t) = 0,
where y’(t) and y”(t) denote the first and second derivatives of y(t), respectively.
Given y’(0) =1 and y’(1) = -1, the maximum value of y(t) over [0, 1] is
(rounded off to two decimal places).

Ans. (0.25)
Cauchy’s Euler differential equation,
x=é
t=¢e"
Int=u

2yt - 2ty (H) + 2y(t) = 0
DD -1)y—-2Dy +2y=0
(P -D-2D + 2)y=0
(D> -3D+2)y=0

AE.
m-3m+2=0
m=1,2
y= C1eu+C26’2u
y=Cit+ CFf
ay
E:C1+CZX2t
ay
at t = 0, dt_1
= C, =1
ay
at t =1, dt__1
-1=1+C,x2x1
-1=14+2C,
-2 =2C,
C,=-1
y=Cit+ CFf
y=t-F
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o 1-2t=0 .
(=2 |
S22 0 1 1
) 2
CEANSPY
at
1 , :
t= 5 = maxima point
A 17
2)~ 2 |2
LN
T2 4 4
Q.33 The generator matrix of a (6,3) binary linear block code is given by
100101
G=/0 1 00 11
001110
The minimum Hamming distance d_;, between codewords equals (answer in
integer).
Ans. (3)
100101
=10 100 11
00 1 1 1 Olsxs
Kxn
Method 1:

Since, K = 3, 2K = 8 distinct message blocks possible i.e. 000 to 111.
Find corresponding codewords [c] = [d] - [G].

Find Hamming weight of each of the codewords.

Smallest possible Hamming weight of non zero codeword equals to d_; .
By evaluating above procedure d_;, = 3.

Method 2:

Minimum number of columns of G that sum to zero equals to d_.
Sum of 18t 2nd and 61" columns (or) 41, 51 and 6™ columns (or) 279, 3@ and 5" columns
equals to zero.

For above G, minimum number of columns of G matrix that sum to zero equals to 3

so that g, = 3.

End of Solution
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Q.34 All the components in the bandpass filter given below are ideal. The lower -3 dB
frequency of the filter is 1 MHz.
The upper —3 dB frequency (in MHz, rounded off to the nearest integer) is

2R
AVAVAVAV
0.1C
il
R 10C
Vs°—’WW—||—
-—QVO
Ans. (50)
y
We know that, f, =
L 2nRC,
y
6 _ -
107 = 2nx Rx10C
;
- _ 7
ol 2n x 10
£ 1 1

"™ 27R,C, 2mx2Rx0.1C

_ 1 120’
" 04n  RC  0.4n
f,=5x 10" Hz = 50 MHz

End of Solution

Q.35 A 4-bit weighted-resistor DAC with inputs b,, b,, b,, and b, (MSB to LSB) is designed
using an ideal opamp, as shown below. The switches are closed when the corresponding
input bits are logic ‘1’ and open otherwise.

When the input by b, b, b, changes from 1110 to 1101, the magnitude of the change
in the output voltage V,, (in mV, rounded off to the nearest integer) is

VReg =2V o
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Ans. (250)
For the given 4-bit weighted-resistor DAC with inputs b,, b,, b, and b, (MSB to LSB),
the output voltage is,
b b, b, b
Vo= -R| L+ L+ 2131
° [8/? 4R " 2R H} REF
= VO=—&+Q+&+b—3 X2
18 4 2 1
For input 1110:
o = — O+l+l+1 x2=-35
4 2 1
For input 1101:
1 1 1]
Vo, = —_§+O+§+ix2=—3.25
The magnitude of the change in the output voltage is,
V)= | -35- (—3.25)| =0.25=250mV
Q.36 Let G(s)= é be the transfer function of a second-order system. A controller M(s)
is connected to the system G(s) in the configuration shown below.
Consider the following statements.
(i) There exists no controller of the form M(s) = % where K, is a positive real number,
such that the closed loop system is stable.
(i) There exists at least one controller of the form M(s) = K, + sK, where K, and K,
are positive real numbers, such that the closed loop system is stable.
Which one of the following options is correct?
R(s) M(s) G(s) Y(s)
(a) (i) is TRUE and (ii) is FALSE (b) (i) is FALSE and (ii) is TRUE
(c) Both (i) and (ii) are FALSE (d) Both (i) and (ii) are TRUE
Ans. (d)
Given,
R(s) M G(s) C(s)
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and G(s) = ?
(i) Given, M = g then closed loop system,
K1
A9 MGs _ $¥¢ _ K
Rs) ~ 1+MG&s) 4, K 1 F+K
s &

For all values of ‘K’, the closed loop system is unstable.
(i) For controller, M = K, + K8

Let, M=1+s
1
a9 M@ (s49)
Rs) 1,8+ P+s+1
S2

Closed loop system is stable.
Both statements are correct.

Q.37 Consider the polynomial p(s)= s° + 7s* + 3s® — 33s° + 25— 40. Let (L, I, R) be defined
as follows.
L is the number of roots of p(s) with negative real parts.
I is the number of roots of p(s) that are purely imaginary.
R is the number of roots of p(s) with positive real parts.
Which one of the following options is correct?
(@ L=2,I=2and R=1 (b)) L=3,I=2and R=0
() L=1,I=2and R=2 (d L=0,I=4and R=1
Ans. (a)
Given
p(s) = §° + 7s* + 38% - 3352 + 25 - 40
By Routh’s Hurwitz criteria
s° 1 3 2 Img
s 7 33 40 i
g A4 M
/ / o * Real
- & -40 -40
s' 0-80) O b3
s 40

Auxiliary equation is
A(s) = —-40s® - 40
dA(s)

Tgs - 908
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From the above table we get
L=21I=2and R=1
Q.38 Consider a continuous-time finite-energy signal f(f) whose Fourier transform vanishes
outside the frequency interval [-w_, w_], where o, is in rad/sec.
The signal f(t) is uniformly sampled to obtain y(t) = f(t) p(f). Here
p(t) = 2 8(t—t-nTy),
N=—oco
with §(1) being the Dirac impulse, T, > 0, and © > 0. The sampled signal y(1) is passed
through an ideal lowpass filter A(t) = o, T sin(!) with cutoff frequency o, and passband
gain T ’
The output of the filter is given by .
(@) f(1)if T, < mlw, (b) f(t-=1)if T, < Mo,
(c) f(t—n)if T, < 2n/w, (d) Tf(1)if T, < 2n/o,
Ans. (a)
p(b) = Y 8(t—t-nT,)
n=-e p(?)
For p(1),
FS-coefficient: C, = al j p(t)e st at
T, n - -
=_j5 T)e ! gt vt [0t Tt
S TS
e—/rmsr
e
oo —/nmsr
= Ro) = 21 Y, C,8(w - noy) ZnZ 8(w — nwy)
N=—co
= w, ¥ 78w - nw, )
Now, At) = (1) - p(1)
= Mo) = o [F0)* P)] = o) Fl)* 0y Y, €780 - o)
27'5 275 N=—oco
= Ti 2 e ™S F (o - nw,)
—/03317 —jogT
_ { (n+ws)+F(w)+e F((n—u)s)+..}
Is T
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LPF: H(w)
Ts — M(w)
Y(o) |
(O]
-, W,

Mo) = Y(o)-H@) =T, - 22 i 7« ©
T O,

TE .

Mo) = Fo) if Ts <—

(’OC

= m(f) = LPF output = f(t) if T, < I

c

End of Solution

Q.39 In the circuit below, M, is an ideal AC voltmeter and M, is an ideal AC ammeter. The
source voltage (in Volts) is v(t) = 100cos(2001).
What should be the value of the variable capacitor C such that the RMS readings on
M, and M, are 25 V and 5 A, respectively?

@,
5Q
+ +
Linear
WwQ || @ :
— Invariant -
Circuit 1H
(@) 25 uF (b) 4 uF
(c) 0.25uF (d) Insufficient information to find C
Ans. (a)
5A
®
5Q
o= 200 rad/sec <~> CV 25V C
1H
X, =wL =200 x1=200 Q
Z= v = 25 =5Q
I 5
Z= R+ j(X - X))
X =X
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L o0
oC
1
-2
s00xC - 20
1
PV
C= S00xp00 M

End of Solution

Q.40 The Zparameter matrix of a two port network relates the port voltages and port currents

v)-2]

The Z-parameter matrix (with each entry in Ohms) of the network shown below is

as follows:

I‘I 12
c_nvAvAvAv MW MW ~ >
T + 20 20 20 +T
< <
7 =20 =20 v,
i [ 1 i
10 2 (2 10]
3 3 3 3
(a) 2 10 (b) 10 2
|3 3 '3 3]
SRR
10 2 3 3
(©) 2 10} (d) 110
13 3
Ans. (a)
20 20 20
"""" AVAVAVAV AV‘V‘V‘V
fa o
7 2 Q:é Ry RZig v,
; - }
2%x2 2
- X2 __Zg
Ay 2+2+2 3
2
2
R3 = EQ
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2q 2q
2Q 3 3 2Q
4 MWW MWW MW MWW o
Za zC
< 2
239|%
O °]
10
3
10
222 = Zb +ZC =§Q
2

Zp= o1ty =39

End of Solution

Q.41 Asource transmits symbol Sthat takes values uniformly at random from the set {-2, 0, 2}.
The receiver obtains Y = S + N, where N is a zero-mean Gaussian random variable
independent of S. The receiver uses the maximum likelihood decoder to estimate the
transmitted symbol S.

Suppose the probability of symbol estimation error P, is expressed as follows:
P, = aP(N > 1),

where P(N > 1) denotes the probability that N exceeds1.

What is the value of o?

—_

(@ (b)

Ans.

(©)
(d)

Wi wl—

(d)

W

S takes the values uniformly at random from the set {-2, 0, 2}

A2) = PO = P2) =

Y=S+ N
Given N is zero mean Gaussian R.V

T fu(n)

0 — N

P, = R-2)P,, + PO) - Py + P2) P,

1
= g[Pe—2+PeO+Pe2]

ForS=-2->5Y=-2+N
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T f(YIS = -2)

20 2=y
Since ML decoder is used — P_, = A(Y > -1)
ata, -2+0 _
T T T
P.,=P-2+N>-1)=RAN>1)
ForS§=0 — Y=N

1

Tf(Y/S=O)

-2 0 2 —>Y
Py=RY<-1)or A(Y>1)
=PRY<-1)+ AY>1)
=PN<-1)+ AN > 1)
Since N is zero mean GRV, PIN < -1) = P(N > 1)
Py =2RN> 1)
letS=2—>Y=2+N

Tﬂws=m

P,=HRY<1)
=P2+ N<1)
PN < -1) = P(N > 1)

p - %[P(N > 1)+ 2P(N > 1)+ P(N > 1]

4
= —P(N > 1
3 (N >7)
Given, P, = aP(N > 1)
_4
“=3

End of Solution

Q.42 Consider a real-valued random process

f(t) = ﬁv‘, a, p(t—-nT),

n=1
where T > 0 and N is a positive integer. Here, p(t) = 1 for te [0, 0.57] and 0O otherwise.
The coefficients a, are pairwise independent, zero-mean unit-variance random variables.
Read the following statements about the random process and choose the correct option.
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(i) The mean of the process f(t) is independent of time t.
(i) The autocorrelation function E[f(f) ft + T)] is independent of time t for all t.
(Here, E[-] is the expectation operation.)

(a) (i) is TRUE and (ii) is FALSE (b) Both (i) and (ii) are TRUE
(c) Both (i) and (ii) are FALSE (d) (i) is FALSE and (ii) is TRUE
Ans. (a)

N
Given Random process f(f) = Y. a,p(t—nT)
n=1

Yo(t)

0 05T T —=

{a,} specifies set of independent random variables each having zero mean and unit
variance.
Mean:

n=1
Given that E[a,] = 0
E[f(h] = O
E[f(#)] is independent of t.
ACF:
ACFI(] = Y, ACF[a, ] ACF|p(t - nT)]

|
Let p(t— nT) = g(t) where g(t) is a deterministic signal.

>
1]

ACF[p(t- nT)] = ACFlg(8] = | 9(t)- glt +7)alt

From observation ACF[g(1)] is function of t.
i.e., ACF[f(1)] is function of t.

End of Solution

Q.43 The identical MOSFETs M, and M, in the circuit given below are ideal and biased in
the saturation region. M, and M, have a transconductance g,, of 5 mS.
The input signals (in Volts) are:
V, =25+ 0.01 sin ot
V, =25 - 0.01 sin ot
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The output signal V; (in Volts) is
Vpp=5V

\AAAJ

<
1kQ S
e

AAAA
\J
N
5

i

V;o——+
v1o—| l__”‘M1 M, |—o V,

2mA
(@) 3 + 0.05 sin wt (b) 3 - 0.1 sin ot
(¢) 4 + 0.1 sin wt (d) 4 - 0.05 sin ot
Ans. (d)
2
.= —=1mA
DS 2
%
?d = 0.01 sin ot
V,=0.02 sin ot
Ve =25V
Given, g, ="5ms
V g, xR 5x1
/A = -Jl = - m D = - ='—2.5
My, 2 2
Vo =-25x V,=-25 x 0.02 sin ot
AC voltage, Vy = —0.05 sin wt
DC voltage, Vo=5-1x1Ipg=4V
In given circuit, Aoy =0
Hence, common mode input effect is cancelled.
Vo = —0.05 sin ot + 4
Q.44 A 10-bit analog-to-digital converter (ADC) has a sampling frequency of 1 MHz and a

full scale voltage of 3.3 V.

For an input sinusoidal signal with frequency 500 kHz, the maximum SNR (in dB, rounded

off to two decimal places) and the data rate (in Mbps) at the output of the ADC are
, respectively.

(a) 61.96 and 10 (o) 61.96 and 5

(c) 338.36 and 10 (d) 33.36 and 5
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Ans. (a)
Given n=10
fy=1MHz
Full scale voltage = 3.3 V
f =500 kHz
SNR = 1.76 + 6.02n
=176 + 6.02 x 10 = 61.96 dB

R, = nf, = 10 Mbps

End of Solution

Q.45 A positive-edge-triggered sequential circuit is shown below. There are no timing violations
in the circuit. Input PO is set to logic ‘0’ and P1 is set to logic ‘1’ at all times. The timing
diagram of the inputs SEL and S are also shown below.

The sequence of output Y from time T, to T, is

s
D @ D Q—
PO P1
SEL /|\ @ SEL /|\ @
CLK CLK DY
/.
ak— LTI
see— T L
TO T1 T2 T3
(a) 1011 (b) 0100
(c) 0010 (d) 1101
Ans. (a)

Given: PO =0; P1 =1

SEL A SEL A QI
| | i
CLK CLK D v

Corporate Office: 44-A/1, Kalu Sarai, New Delhi- 110016 | Ph:9021300500
B< info@madeeasy.in | @) www.madeeasy.in

Delhi | Hyderabad | Bhopal | Jaipur | Pune | Kolkata




GATE 2025 [Jarniv i
EC Electronics m

Engineering Afternoon Session

NS

Output, Y=QoQ (i)
Timing Diagram:

(7]
m
—

End of Solution

Q.46 The intrinsic carrier concentration of a semiconductor is 2.5 x 10'® /m3 at 300 K.
If the electron and hole mobilities are 0.15 m?/Vs and 0.05 m?/Vs, respectively, then the
intrinsic resistivity of the semiconductor (in kQ.m) at 300 K is
(Charge of an electron e = 1.6 x 1079 C.)

(a) 1.65 (b) 1.25
(c) 0.85 (d) 1.95
Ans. (b)
Intrinsic resistivity, p. = ;
! niq(up"‘un)
1
T 25x10"°x1.6x10°°(0.15+ 0.05)
1
T 25x10°x1.6x107°(0.2)
p, = 1.25 kQ-m

End of Solution

Q.47 In the circuit shown, the identical transistors Q1 and Q2 are biased in the active region
with B =120. The Zener diode is in the breakdown region with V, =5V and 7, = 25 mA.
If 7, = 12 mA and Vg, = Vg, = 0.7 V, then the values of R, and R, (in kQ, rounded
off to one decimal place) are respectively.
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20V

(a) 0.6 and 0.4 (o) 1.4 and 2.5

(c) 14.0and 25.0 (d) 6.0 and 4.0
Ans. (a)
I, =1, =12 mA
Ier 12
I,=-2=—mA=0.1TmA
B2 g 120
KCL: I =1,+ Ig, = 251 mA
KVL: 20=07+5+1xhR,
R, = 0.5697 kQ = 0.6 kQ
L=1I,=(1+8)Ig=121mA
KVL: 20=1R,+07 + I, xR,
20-0.7-14.3
= ———————=04kQ
& 12.1
Q.48 The electron mobility u, in a non-degenerate germanium semiconductor at 300 K is
0.38 m?/Vs.
The electron diffusivity D, at 300 K (in cm?/s, rounded off to the nearest integer) is
(Consider the Boltzmann constant kg = 1.38 x 1023 J/K and the charge of an electron
e=16x101"C)
(@ 26 (b) 98
(c) 38 (dy 10
Ans. (b)
Given, u, = 0.38 m?/V-sec
Dn = Mr7\/7'
= 038XL
11600
11600
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= 0.02586 x 0.38
= 0.09826 m?/sec
D, = 98.26 cm?/sec

End of Solution

Q.49 A square metal sheet of 4 m x 4 m is placed on the x-y plane as shown in the figure
below.
If the surface charge density (in uC/m?) on the sheet is p x, y) = 4lyl, then the total
charge (in uC, rounded off to the nearest integer) on the sheet is

y(m)
-2, 2) @,2)
x(m)
(-2, -2) @, -2)
(a) 16 (o) 85
(c) 64 (d) 256
Ans. (c)
Q= Ipsds = I4|y|dxdy
S S
2 2 2 2
= Q.= 4 f |y|dy.f dx=4*2*fydy—x
y=2 xm2 0 >
5P
= Qo= 8.% -4 =64 uC

0

End of Solution

Q.50 Anelectric field of 0.01 V/m is applied along the length of a copper wire of circular cross-
section with diameter 1 mm. Copper has a conductivity of 5.8 x 107 S/m.
The current (in Amperes, rounded off to two decimal places) flowing through the wire

is ____ .
(a) 0.46 (b) 1.82
(c) 0.58 (d) 1.12
Ans. (a)
E=0.01V/m

?
7 () cs=5.8><107s/m> ID=1 mm

I l I

Corporate Office: 44-A/1, Kalu Sarai, New Delhi- 110016 | Ph:9021300500
B< info@madeeasy.in | @) www.madeeasy.in

Delhi | Hyderabad | Bhopal | Jaipur | Pune | Kolkata




Detailed Solutions
Exam held on:

GATE 2025

E c Electronics m

Engineering Afternoon Session

As we know that

R
cA
N I= O.O1*5.8x107*g(1x10_3)2 = 0.46 A
Q.51 Consider a non-negative function f(x) which is continuous and bounded over the interval
[2, 8]. Let M and m denote, respectively, the maximum and the minimum values of f(x)
over the interval.
Among the combinations of o and B given below, choose the one(s) for which the
inequality
8
stzf(x)deQ
is guaranteed to hold.
@ p=56maoa=7M by p=6mM, a=5M
) B=7m a=6M dp=7maoa=5M
Ans. (a)
fix) > 0 given in [2, 8] = [a, b]
by FT.I.C
b
m(b - a) < [f(x)ax < Mb-a)
a
8
m@8 - 2) < ff(x)dx <M(@B-2)
2
8
6m < [f(x)dx <6M
2
o fix) 20
= mand M>0
The possible answer is
8
5m< [f(x)dx <7 M
2
Q.52 Which of the following statements involving contour integrals (evaluated counter-clockwise)

on the unit circle C in the complex plane is/are TRUE?
(@) Cﬁcezdz= 0 (b) CJ.)CanZ= 0, where nis an even integer

() $coszaz#0 (d) fseczaz#0
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Ans. (a, b)
Given C : Izl = 1

C:lz =1

1\
y1

(a) f= €e?is always analytic
s by CILT

qﬁcf(z)dz =0 (a) is true
(o) f(z) = Z" is always analytic
s by CIT
<j§cz”dz =0 (b)is true
(c) f(z) = cos z is also always analytic
s by CIT
qSCCoszdz =0

~. (c) is false.
(d) f(z) = sec z

Singularities are given by cos z=0 = 2Z= (2ﬂ+1)g
3

yE—
2

i.e., Z = +

N a

all nodes lies out ‘C

by C.IT § seczdz=0 (. (d)is false)

End of Solution

Q.53 Consider a system where x,(f), x,(1), and x,(t) are three internal state signals and u(t)
is the input signal. The differential equations governing the system are given by

d X1(t) 2 0 0 X1(t) 1

= o) =10 =2 0 x(t) |+ 1|ut).
x| |0 0 0fxs@®] |1

Which of the following statements is/are TRUE?

(@) The signals x,(1), x,(1), and x,(f) are bounded for all bounded inputs.

(b) There exists a bounded input such that at least one of the signals x,(1), x,(f), and
x4(1) is unbounded.

(c) There exists a bounded input such that the signals x,(1), x,(1) and x,(f) are unbounded.

(d) The signals x,(1), x,(f) and x4(1) are unbounded for all bounded inputs.
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Ans. (b)
From the given matrix, the eigen values are 2, -2, O
Hence system x,(f) whose eigen value is positive, it is unbounded for bounded input.
Similarly system x,4(t) is also unbounded for bounded input.
Only system x,(f) is bounded for bounded input (since its eigen value is negative).

End of Solution

Q.54 The random variable X takes values in {-1, 0, 1} with probabilities

1
PX=-1)=PX=1)and aand AX =0) = 1 - 20, where 0<06<§.

Let g(a) denote the entropy of X (in bits), parameterized by a.
Which of the following statements is/are TRUE?

(@) g(0.4) > g(0.3) (b) 9(0.3) > g(0.4)
(c) 9(0.3) > g(0.25) (d) 9(0.25) > g(0.3)
Ans. (b, ¢)
Xe {-1,0, 1}

PX=-1)=PAX=1) =aand AX=0) =1-2a where O<oc<%
9(o)

Entropy of X
—EP )log, P(

—{alogy o+ alogy o + (1- 200)logy (1- 20)}

gla) = —{2a log,a + (1 - 2a)log,(1 - 2a)}
9(0.25) = -{0.5 10g,0.25 + 0.5 log,0.5} = 1.5
9(0.3) = -{0.6 l0og,0.3 + 0.4 log,0.4} = 1.57
) =
)

R

9(0.4) = -{0.8 log,0.4 + 0.2 log,0.2} = 1.52
g(0.3) > 9(0.4) > g(0.25)

End of Solution

Q.55 Let (1) be a periodic signal with fundamental period T, > 0. Consider the signal y(f) = flat),
where a > 1.
The Fourier series expansions of f{(t) and y(t) are given by

/—ockT

o 2T
=
=Y ce and y) 2 de 0
Pl k=

Which of the following statements is/are TRUE?
(@ ¢, = d forall k

(b) W) is periodic with a fundamental period o T
(c) ¢, = dJa for all k

(d) 1) is periodic with a fundamental period T /o

Ans. (a, d)

Given, (1) Cy y(t)=—= d
FTP: To Frp o
a
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and Wt) = flal)
By time-scaling property of FS,

d, = c, if ais positive
Given that, a>1

d, = ¢, forall ‘K

End of Solution

Q.56 Consider a system represented by the block diagram shown below. Which of the following
signal flow graphs represent(s) this system? Choose the correct option(s).

R(s)

(a) Rs)e

(b) Res)

R(s)o 0 Y(s)

(d) Res)

Ans. (b)
From given block diagram,
as) _ Gi+G,
Ris)  1+G,
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and in options, from option (a),
Y(s)  G+G,
R(s) ~ 1+G,
Option (b) only satisfies.

End of Solution

Q.57 All the diodes in the circuit given below are ideal.
Which of the following plots is/are correct when V, (in Volts) is swept from -M to M?

Ans.

Given, V,_is steep of -M to +M
For V, versus V|
Let Viy = +M

In the bridge rectifier, D, and D, are forward bias, and D, and D, are reverse bias,
+

in
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For Vi, =+M = V,=M

n
Let V|, = -M
D, and D, are reverse bias,

D, and D, are forward bias.
+

_. Y%
Vin W .
Vi, + Vy=0
VD=_ in =-[-M =M
VO
Vin
For I, Versus V.
Let Vi, = +M
+
L
Vin=_M + R ~
Vio—In A=0
M
tV,=M = [= "
Let Vin =-M Iy
: Vo =g =0
Vin = IR
-M = IIN R /‘ Vin
M
Iy=—+%

End of Solution

Q.58 Two fair dice (with faces labeled 1, 2, 3, 4, 5, and 6) are rolled. Let the random variable

X denote the sum of the outcomes obtained.
The expectation of X is (rounded off to two decimal places).
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Ans. (7.0) (7.0 to 7.0)

Sum of two dice = {2, 3, 4, 5, ..., 12}
x | 2|34 |56 |7]8|9]10|11]12
PR EE R E R
363636 |36|36|36|36|36|36|36]|36
EX) = YxA)

= 2><i+3><£+4><i+5><i+6><£+7><i
36 36 36 36 36 36

FBX -+ OX 110Xt x4 1%
36 736 36 38
_ 252
36

End of Solution

Q.59 Consider the vectors

azm’b{aoﬁ}'

For real-valued scalar variable x, the value of
min|ax—-b b
X

is (rounded off to two decimal places).

Y1

-l denotes the Euclidean norm, i.e., for y = [y 5

}||Y||2= Vi+ys.
2

Ans. (3.0) (3.0 to 3.0)

a b= Lc—S\/E}

= f(x) = norm

x—3\/§H
fix) = x° + (x = 3J2)

= \/x2+x2+18—6\/§x

fx) = \J2x? —642x + 18

Let, o) = 2x° —6J2x+18
gx) = 4x-62=0
L_B2_ 32 3
4 2 2
Point of minima = i
J2
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End of Solution

Q.60 Xand Yare Bernoullirandom variables taking values in {0, 1}. The joint probability mass
function of the random variables is given by:
AX =0, Y=0)=0.06
AX =0 Y=1)=014
AX =1 Y=0)=024
AX =1 Y=1)=056
The mutual information I(X; Y) is (rounded off to two decimal places).

Ans. (0) (0.0 to 0.0)

Given, P(X =10, Y=0)=0.06
PX=0,Y=1)=014
PX=1,Y =0)=0.24
PX =1, Y=1)=056
Y=0 Y=1
X=0[0.06 0.14] > P(X=0)=0.2
AXIT =y _1]024 056 S P(X=17=08
P(Y=O%=O.3 /5L(Y=1)=0.7
From above
PX=0,Y=0)=PX=0)-PY=0)
PX=0 Y=1)=PX=0)-PY=1)
PX=1 Y=0)=PX=1)-PY=0)
PX=1Y=1)=PX=1)-PY=1)

We conclude that X and Y are independent.
So that I(X; ¥) = 0

End of Solution

Q.61 The diode in the circuit shown below is ideal. The input voltage (in Volts) is given by
V, = 10 sin100 =nt, where time t is in seconds.
The time duration (in ms, rounded off to two decimal places) for which the diode is forward
biased during one period of the input is

R
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Ans. (13.33) (13.32 to 13.34)

Given, 2nft = 100mt
f=50Hz
1
Ty = 7= 20 msec
V. = 10 sin(100nt?) = 10 sina,
o= 100m t

Diode conducts if V. > -5V
Diode is OFF if V. < -5V

m 1n
6 6

m

6

t, = 11.66 msec

11
= 100mt, = -

18.33 msec

—
o
o
a
_AN-
Il

Ny
|

NS
Il

Diode is OFF from t, to
logp = L, — t; = 6.66 msec

Ty = tope = 13.33 msec

N+

tON
End of Solution

Q.62 In the circuit shown below, the AND gate has a propagation delay of 1 ns. The edge-
triggered flip-flops have a set-up time of 2 ns, a hold-time of 0 ns, and a clock-to-Q
delay of 2 ns.

The maximum clock frequency (in MHz, rounded off to the nearest integer) such that
there are no setup violations is
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X
A° AQ
CLK
Ans. (200) (200 to 200)
Given, tpd = 2nsec
eetup (t,) = 2nsec
tomp = 1N SEC
Tokoy = bp + Ig + logmy, = 2+ 2 + 1 = 5n sec
Ty, =t + 1, =2+ 2=4nsec
D2 P

Time required for clock,
Ty = Max {T, T}

c clkpy? “clkpo
= Max [5ns, 4 ns]
=5ns
. 1 1
Maximum frequency, f = — =—— = 200 MHz.
T 5ns

End of Solution

Q.63 Anideal p-njunction germanium diode has a reverse saturation current of 10 uA at 300 K.
The voltage (in Volts, rounded off to two decimal places) to be applied across the junction
to get a forward bias current of 100 mA at 300 Kis ____.

(Consider the Boltzmann constant k; = 1.38 x 1023 J/K and the charge of an electron
e=16x 107" C)

Ans. (0.23) (0.23 to 0.24)
Given,
Reverse saturation current, 7, = 10 uA
Temperature, T = 300 K
Forward bias current, 7, = 100 mA
Boltzmann constant, K; = 1.38 x 1023 J/K
Charge of electron, e = 1.6 x 1071° C
We know that,

the forward bias current, I, = I, [eV/Vr _1]

T 300
=" _2586mV
where, V1= 11600 ~ 11600

4
10><1o£[e25-86x1Or3 —1}
v
104 = @25.86x107°

100 x 1073
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v
9999 — ©25.86x107
V = 25.86 x 102 In(9999)
V=023

End of Solution

Q.64 A 50 Q lossless transmission line is terminated with a load Z; of (50 - j75) Q.
If the average incident power on the line is 10 mW, then the average power delivered
to the load (in mW, rounded off to one decimal place) is

Ans. (6.4) (6.3 to 6.5)
Z,=50Q, Z =50-/75Q; P, =10 mW

Z, -2, _50-j75-50 75 -3
I'=7Z+2, ~s50-j75+50 = 100-/75 4-/3
5 H=32-o06
2
P, = {1-Ir] }e

=[1-(0.6)2] * 10 MW = 6.4 mW

Q.65 Two resistors are connected in a circuit loop of area 5 m?, as shown in the figure below.
The circuit loop is placed on the x-y plane.
When a time-varying magnetic flux, with flux-density B(f) = 0.5¢ (in Tesla), is applied
along the positive z-axis, the magnitude of current I (in Amperes, rounded off to two
decimal places) in the loop is

/

%4
202 =20 :
< < JFmmmmmmmmem > X
/
Loop Area
Ans. (0.63) (0.62 to 0.63)
Given, B(t) = 0.5¢
v 99 B0, 449051 =-A%05
emf at at at
I Vo _ -0.5%5 = 0625
R
Hence, magnitude of 7 = 0.625 A = 0.63 A
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