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Read the following instructions carefully

1. This question paper contains 30 objective questions. Q.1-10 carry one mark each and
Q.11-30 carry two marks each.

2. Answer all the questions.

3. Questions must be answered on Objective Response Sheet (ORS) by darkening the appropriate
bubble (marked A, B, C, D) using HB pencil against the question number. Each question has
only one correct answer. In case you wish to change an answer, erase the old answer completely
using a good soft eraser.

4. There willbe NEGATIVE marking. For each wrong answer 1/3rd of the full marks of the question
will be deducted. More than one answer marked against a question will be deemed as an
incorrect response and will be negatively marked.

Write your name & Roll No. at the specified locations on the right half of the ORS.
No charts or tables will be provided in the examination hall.

Choose the Closest numerical answer among the choices given.
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If a candidate gives more than one answer, it will be treated as a wrong answer even if one
of the given answers happens to be correct and there will be same penalty as above to that
questions.

9. Ifaquestion is left blank, i.e., no answer is given by the candidate, there will be no penalty for
that question.

DO NOT OPEN THIS TEST BOOKLET UNTIL YOU ARE ASKED TO DO SO
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Q1

Q.2

Q.3

Q4

Q.5

Q.6

Q.No. 1to Q.No. 10 carry 1 mark each

The samples of a sinusoidal message signal
m(t) = cos(2nf,t) V are applied to a delta
modulator, whose step-size is 2 V. The
minimum sampling rate required to
eliminate the slope-overload distortion is

approximately
@) fu (b) 2f,
(c) 3.14f, (d) 6.28f,

If the quality factor, (Q) of a tuned circuit
varies as 10 < Q < 100, then which of the
following specifies the correct relation
between resonant frequency f, and
bandwidth B?

(a) 0.01<f£<0.1 (b) 0.1<f£<1

c Cc

(c) 0.001< fﬁ <01 (d) 0.01< fﬁ <0.02

Cc c

Two signals X, () = 2 cos 2000 ntt and X,(t) =
4 cos 5000 mt are sampled with the sampling
frequency of 50 kHz and then transmitted
over the same channel. Then, the value of
the guard band in the sampled signal
spectrum is equal to
(a) 45 kHz

(c) 50 kHz

(b) 40 kHz
(d) 42 kHz

Which of the following relation w.r.t
autocorrelation function is correct?

(a) Ryx(1) < Ryx(0)

(b) Ryy(®) > Ryy(1)

(€) Ryx(-5) < Ryx(6)

(d) Ryx(-7) # Ryx(1)

An analog signal of 2 kHz frequency is
sampled at 5 times the Nyquist Rate and
each sample is coded with n bits. If the bit
duration is 5 usec, then the value of n is
(a) 8 (b) 9

(c) 10 (d) 12

A Discrete Memoryless System, X has four
symbols x;, x,, x5, x, with their respective
probabilities, P(x,) = 0.4, P(x,) = 0.3, P(x;) =
0.2, P(x,) = 0.1.

Q.7

Q.8

Q.9

The ratio of the amount of information
contained in the message x; x, x; x; and x,

Xy X3 X, is
(a) 0.691 (b) 0.725
(c) 0.826 (d) 0.991

Consider a binary symmetric channel (BSC)

with a crossover probability of 0.20. If two

such BSCs are cascaded, then the crossover

probability of the resultant BSC will be

(a) 0.25 (b) 0.32

(c) 0.40 (d) 0.50

A discrete memoryless source emits 4

symbols with probabilities l, 1, 1&1
248 8

The entropy of the source is equal to

(a) 1.75 bits/symbol

(b) 2.25 bits/symbol

(c) 3.42 bits/symbol

(d) 4.45 bits/symbol

Consider the signal shown below:

s(f)
4V

t (sec)

This signal is passed through an AWGN
channel with two-sided noise power spectral

N
density of 70 and received by a filter

matched to s(#). The maximum
signal-to-noise ratio possible at the output
of the filter is

8

Ny

16

No

2

Ny

o
Ny
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Q.10

A BPSK signal, with equiprobable bits, is
transmitted through an AWGN channel and
received by a correlator receiver. The two-
sided power spectral density of the channel
noise is 1 nW/Hz and the average bit energy
transmitted is 10 uJ. If there is no phase
mismatch between the carrier signals used
in the transmitter and receiver, then the
probability of error of the system will be

() Q(10) (b) QUOV2)
() Q(100) (d) Q(100¥2)

Q. No. 11 to Q. No. 30 carry 2 marks each

Q.11

Consider the following constellation
diagram shown below. If the value of a is 2
and the two-sided noise power spectral

No _ 4 W/Hz, then the probability

density >

of error in the given constellation diagram
in terms of Q-function is,

0o(t)

Q.12

— Ia- S
3a a 2a
Za'
l3a
(a) Q(/0.25) (b) Q(W05)
© QH2) (d) QK3)

In the given channel it is given

p(z : O) =0.25 and p(z = O) = 0.40 then the

value of crossover probabilities are (Given
source emits both 0 and 1 with equal
probability.)

Q.13

Q.14

Q.15

Q.16

(a) 0.25, 0.45
(b) 0.5, 0.5

(c) 0.55, 0.75
(d) 0.5, 0.35

The peak-to-peak value of an sinusoidal
signal is 4 V. If this signal is full-wave
rectified and then fed to the input of an 8-
bit PCM coder. Then the value of signal to
quantization Noise ratio is

(a) 49.8 dB (b) 48 dB

(c) 55.94 dB (d) 54 dB

X and Y are two independent random
variables with zero mean and unit variance.
Another random variable Z is defined as Z
=2X + Y. Then mean and variance of Z are

respectively
(@ 0,1 (b) 1,0
(c) 0,4 (d) 0,5

White noise is fed as input to a bandpass
filter having passband frequencies from
2 kHz to 4 kHz. The noise power (in mW)
at the filter output if two-sided noise power

spectral density % =2uW/Hz is,

(a) 4 mW
(c) 8 mW

(b) 6 mW
(d) 10 mW

If the incoming frequency is in the range
540 kHz to 1600 kHz, intermediate
frequency is given as 455 kHz, then the ratio
of maximum local oscillator frequency to the
minimum local oscillator frequency ina AM
superheterodyne receiver is

(a) 2.065 (b) 3.725

(c) 4.525 (d) 5.609

o Copyright: MADE EASY
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Q.17 For the narrowband noise power spectrum S,(f) shown in figure for f. = 10 kHz, the inphase
component noise power spectrum is

Sn(f)
%x 1073
i flkHz)
12 -10 0 10 12
SNc(f) 1 SNc(f)
—x1073
—x 10—3 — 2 —
(a) (b) e
i f (kHz) f(kHz)
-2 -1 0 1 2 -2 2
Sndh)
%107
(©) (d)
| f(kHz) flkHz)
-2 0

Q.18 If X is equally likely to take both positive and negative values, then the magnitude of impulse
present at x = 0 i.e. ‘a’” value is equal to

f%)

aA 2

-1 0 4 X

(a) 0.2 (b) 05
(c) 0.8 (d) 1.0

Q.19 A sinusoidal signal 9sinw t is given as input to a 9-bit PCM coder. If this sinusoidal signal is
passed through a resistive network shown below and the output of the resistive network is given
as input to the same PCM coder, assume the step size is not changed. Then the value of signal to
quantization noise ratio is

200

V,=9sin o, t E§ 20Q vy,

o 0 -
(a) 49.8 dB (b) 52.4 dB
(c) 60.1 dB (d) 72.5 dB

www.madeeasy.in © Copyright: MADE EASY
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Q.20 If an FM receiver is to be operated in the
frequency range 90 MHz to 104 MHz, the
minimum value of intermediate frequency
(fip) to reject the image frequencies is
(a) 6 MHz
(b) 7 MHz
(c) 8 MHz
(d) 9 MHz

Q.21 A source emits zeroes twice as likely as
one’s. If it transmits 5 bits what is the
probability that at least two bits are zeroes?
(a) 0.625 (b) 0.725
(c) 0.954 (d) 1.125

Q.22 An angle modulated signal is given by,
S(t) = cos[2nf t + 4 sin (40007tt) + 3 cos(4000 mt)]

If f. = 100 kHz, then the maximum value of
the instantaneous frequency of this signal
is

(a) 107 kHz

(b) 110 kHz

(c) 114 kHz

(d) 120 kHz

Q.23 The message signal applied to an FM
modulator is m(t) = A, cos (27 f t). In an
experiment conducted with f, =2 kHz and
increasing A, (starting from zero) it is found
that the carrier component in FM signal is
reduced to zero for the first time when A
= 4 volt. The frequency sensitivity of the
FM modulator is

Assume Bessel coefficient, | (x) = 0 for x =
2.41, 5.52, 8.65 and 11.8.

(a) 1.2 kHz/V

(b) 1.5 kHz/V

(c) 25 kHz/V

(d) 3.5 kHz/V

Q.24 Consider a DMS X with four symbols x,, x,,
x, and x, with the probabilities 0.125, 0.25,
0.125 and 0.5 respectively. The symbols are
encoded using Huffman coding. The
redundancy of the code is
(@ 0 (b) 1
(c) 2 (d) 3

Q.25

Q.26

Q.27

A 1 Mbps data is to be transmitted through
a baseband channel, whose bandwidth is 600
kHz. If the raised cosine pulse shaping is
used for baseband modelling of the data,
then the maximum allowed value of the roll-
off factor of the filter will be

(@) 0.1 (b) 0.2
(c) 0.3 (d) 0.4
Consider the signal shown in the figure
below:
s(t)
3V
-2 0 2 t (sec)

If the signal s(t) is applied to its matched
filter, then the peak value of the filter output
signal will be equal to

(@) 10V (b) 11V

() 12V (d) 14V

The probability density functions of two
independent random variables X and Y are
given by,

fx(x)=ae"™u(x)and fy (y)=be ™ u(y)

Where a, b are positive real constants and
u(-) represents the unit step function. The
probability density function of the random
variable Z = X + Y will be

ab _e—bz _ e—uz_ u(z)

(a) (b-a)l J

ab _e—uz _ e—bz_ u(z)

®) Gal |

ab [ _g —bz_u(z)

© @+p)l |

ab
(d) (a+Db)

e—(ﬂ+b)2u(z)

o Copyright: MADE EASY
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Q.28 The periodic message signal, shown in the figure below, is applied to a modulator to modulate

Q.29

Q.30

the amplitude of a sinusoidal carrier signal. If the amplitude sensitivity of the modulator is 0.25 V-,
then the transmission efficiency achieved by the resultant modulated signal will be

m(t)
2V
0 t
-2V
(a) 11.11% (b) 20%
(c) 33.33% (d) 50%

In a digital communication system, bits 0 and 1 are transmitted through a channel with probabilities

1
gaﬂdg respectively. The receiver decides for either 0 or 1 based on the received value R. The

conditional probability density functions of R are as follows:

fr(rDhy) fr(rDsy)
When bit 0 When bit 1
1/5 is transmitted 1/5 is transmitted
-4 0 1 r -2 0 3 r

Decision is made in favour of 0, if r < r, and in favour of 1, if » > r,,. If the threshold value “r,,” is
decided in an optimum way using maximum a posteriori (MAP) criteria, then the value of “r,,” is
equal to

(@) 1 (b) 2

(c) 3 (d) 4

Consider the Armstrong FM modulator shown in the figure below:

mt) Narrowband | X() Frequency
FM modulator multiplier (x n,)
Acos(2T¥,t)
. Frequency
Oscillator

multiplier (x n,)

f,=100 kHz
The narrowband FM signal has a maximum angular deviation of 0.10 radians in order to keep
distortion under control. The message signal m:(t) has a bandwidth of 15 kHz, the oscillator frequency
is 100 kHz and the mixer circuit is used for the up-conversion. If the wideband FM signal s(t) has a
carrier frequency of f, =104 MHz and a maximum frequency deviation of Af, =75 kHz, then the
multiplication factor n, will be
(a) 50 (b) 104
(c) 990 (d) 1040

www.madeeasy.in © Copyright: MADE EASY
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Detailed Explanations
1. (c)
The condition required to eliminate the slope-overload distortion is,
A dm(t) .
?S > o . =|27‘E fmsin(2m fmt)|max
2f. 2 2nf,
f.znf,=314f,
fs(mm) =314 fm
2 (a)
. _ L
Quality factor, Q = B
Range of Q, 10 < Q <100
fe
“=<100
10 < B
fe B o1
B 710 g
fe B
Je o —>0.01
g <10 %
B
0.01 < —<01
fe
3. (a)
Before sampling
X,(f) X5(f)
LT 1]
1K ‘0 1K f, 25K ‘0 25K f,

After sampling at a frequency of f, = 50 kHz, X(f); = - = ZX1(f = 1fs)je—eo + ZXo (f —1f;)

11 45 kHz
| 1 | R L |
-525K -51 K -50K -475K -25K -1K 0 1K 25K 475K 49K 50K 51K 525K
fe——
Guard band =475K -25K

=45kHz

4, (a)
Autocorrelation function has maximum value at T = 0.

o Ry(0) = Ry (1)
Autocorrelation function is even function.

www.madeeasy.in © Copyright: MADE EASY
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Ryx(-7) = Ryx(7)
Value of autocorrelation functlon decreases as T increases.

5. (c)
Bit duration, T, =
b Rb
R, = nf,
f,=5x2x2=20kHz
B
o= % 20%10°
. 1
X 0 =
>x10 nx20x10°
_10°
20x5
n =10
6 (a)
P(x; x, x; x;) = (0.4)(0.3)(0.4)(0.2)
= 0.0096
Information, I(x; x, x; x;) = -l0og,(0.0096) = 6.7 bits
P(x, x4 x5 x,) = (0.1)(0.2)(0.2)(0.3)
= 0.0012
I(x, x5 x5 x,) = -log,(0.0012)
= 9.7 bits
6.7
io = — =0.691
Ratio 97
7. (b)

Xo

Xq

0.8 Z 0.8

Crossover probability of overall channel = P(y,|x;) = P(y, |x,)

P(yolx)) = P(yylzg) P(zlx) + P(yylz)) P2 Ixy)
= (0.80 x 0.20) + (0.20 x 0.80) = 0.32
So, the crossover probability of the resultant BSC = 0.32

8. (a)

H(x)

3
— Y, P(x;)log; Plx;]
i=0

Thtoga( 1)+ toga L)+ Ltos 1)

o Copyright: MADE EASY
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9. (d)
For matched filter,

So,

10. (o)
For coherent BPSK,

11.  (b)

1,26
2 4 8
H(x) = 1.75 bits/symbol
SNR), =
( )max - N

E, = Energy of the signal s(f)

j|s(t| dt = j 2dt =32
0

_23)_64
(SNR), = N~

2B, |_ E,

e Q[\/ No) Q[ (No/z)]
10x107° | 7\

_ QL,/W}—Q( 10*)=Q(100)

)
|

Probability of error in terms of Q-function is given by,

drznin
oty

&

d in \/§a=2\/§

www.madeeasy.in
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% =4 W/Hz
N, =8 W/Hz
_ o [ || [@V2)°
e ol o5
8
Pe= Q( 2><8)
P, = Q(/05)
12.  (a)
p(0/1) = 0.25
p(0/1) =1-¢
1-9=025
q=075

p(z=0)=04 = p(O)p(%) +p(1)p(2)

0.4 =0.5p + 0.5 x 0.25
0.4 =0.5p +0.125
0.5p = 0.275; p =055
Crossover probabilities — (1 - p) = 0.45 and (1 - g) = 0.25

2 |/ 2 |/
full wave

\/ U \ rectifier ‘
i, 2 D

Before rectification
RMS value of signal remains same after rectification but dynamic range decreases therefore
step size decreases and Noise power decreases.

13. (o)

A% 22
S' 1 - —-———= 2
ignal power 5 5
2

Quantization Noise Power R where A = step size

2-0 2 1
A= Ty
S 2 91 %12 = 393216 = 55.94 dB
N 1 - o

o Copyright: MADE EASY www.madeeasy.in
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14. (d)
Z=2X+Y
E[Z] = E[2X + Y]
=2E[X] + E[Y]
E[X]=0, E[Y]=0
Therefore, E[Z]=0
Var(Z) = E[Z?] - E[Z]?
= E[2X+Y)?*]-
= E[4X?%+ Y2 +4XY]
= 4E[X?]+E[Y?]+4E[XY]
E[X?] = Var[X] as E[X] =
E[Y?] = Var[Y] as E[Y] =
E[XY] = E[X] E[Y] as X and Y are independent
Therefore, Var(Z) =4x1+1+4x0
Var(2) =
15. (¢)

Power spectral density of white noise

Sn(f)
NO
2
0 f
Frequency response of filter
+1
-4 kHz -2kHz 0 2kHz 4 kHz
Noise after passing through the filter
Sn(f)
NO
2
-4kHz  -2kHz 0 2kHz 4kHz

Output noise power = Area under power spectral density curve
= 2x%><2x103 =2x4x107°x10°
=8x10°W=8mW

www.madeeasy.in © Copyright: MADE EASY
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16. (a)
Local oscillation frequency, f,, = f, * fir

Maximumf, , = fsmax +fip
fLOmax = 1600 + 455 = 2055 kHz

min - fsmin * fIP
fro,. = 540 + 455 = 995 kHz

flon., 2055

Minimum local oscillation frequency, f, ,

= =2.065
fLomn 99
17. (o)
o o [SNUfITSN(fH L), ~BSf<B
nelh) 0 else
f. =10 kHz,
Plotting S,(f + f.)
Sn(fF+ 1)
% x107
‘ 1 ‘ f(kHz)
-22 -20 0 2
Plotting Sy(f - f.)
Sn(f-1)
1 .
7% 107
| f(kHz)
-2 0 20 22
1 SNC(f)
7107
f(kHz)
-2 0 2

18. (b)
If X is equally likely to take both positive and negative values then,
P(X <0)=P(X>0)
P(X) = Area under curve
PX<0)=bx1=b
P(X > 0) = b2 x 4 = 412

b = 4b?
1
b=y
Also, Area of PDF curve =1
b+4b2+a=1

© Copyright: MADE EASY www.madeeasy.in
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1 1
4 16

1
- 1-2=05
4 2

19. (a)

Dynamic range = 18 V

0 v divided in 512 levels

-9 -

Vi

9 .
Esmwmt

N | =

Now output of resistive network =

Dynamic range = 9 V

N o

1
Dynamic ranges reduces to 5

. . 0
Step size remains same, § /
-9

1
No. of levels EX 512 =256 2

As Dynamic range reduces, n = 8

S 1.76 + 6
N "
=176+6x8
=49.8 dB
20. (b)
input
frequency e
90 MHz - 104 MHz Mixer = stIaI;? .
fro (local oscillator)
f Lo~ fs +f11:
f,; (image frequency) = f, + 2f,,
When f. =90 MHz

fro=ftfpfi=f+ 2

We have to select f,; such that f; falls outside the tuned range.

f.;> 104 MHz
104 = 90 + 2f;,
fir, . =7 MHz

www.madeeasy.in
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21. (¢)
2
Probability of transmitting zero, P(0) = 3

Probability of transmitting one, P(1) = 1-

W[N

1
3

P (at least two bits are zeroes) = 1 - P(no bit is zero)
- P (one bit is zero).

SR [HENEIH)

1 10
3P ¥
11

1-——=0.954
243

22.  (b)
The angle of the modulated signal s() can be given as,
0(t) = 2nf .t + 4 sin(4000mt) + 3 cos(4000mt)
The instantaneous frequency of the modulated signal can be given as,
_ 1 dlog)]
i 2m dt

fi= j;-+§L{4><4000ncos4000nt+—3><4000n[—sn14000ntﬂ
T

= f.+[8000 cos(40007tt) - 6000 sin(4000mt)]
= f.+ 2000 x 5[cos(4000mtt + or)] where o = tan ™! (%)

f;‘(max) =fc +2000 x 5
=100 kHz + 10 kHz
Fimay = 110 kHz

23. ()
The carrier component of the FM signal will be zero when J,(8) = 0.
We know ],(B) = 0 for B = 2.41, 5.52, 8.65, 11.8 ......
So, when A, =4V, the corresponding modulation index is B=241.

B =241
A KA
" fu S
_ Bfw _ 241x2x10°
1T Ay 4
kp = 1.205 kHz/V

o Copyright: MADE EASY www.madeeasy.in
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24, (a)
|
x, | 0.5 (0) 0.5 (0) 0.5] 0)
x, | 0.25 (10) 0'25]% 0.5 (1)
X 0.125}(11_0)|—> 0.25 |(11)
x| 0125 _|(111)
4
L= Y Px;)n,
i=1
=(0.5x 1)+ (0.25 x 2) + (0.125 x 3) + (0.125 x 3)
=05+05+0.75
L =1.75 bits/symbol
4
H = -, P(x;)log, P(x;)
i=1
- llo (l) +llo (1) +Zlo (1)
H= 751082\ 5| T982| 4| T5982| g
H =1.75 bits/symbol
_H _175 _
LAV
Redundancy y=1-n=1-1=0
25. (b)
Bandwidth of the baseband signal with raised cosine pulse shaping will be,
(BW), 001 = %(1 fay= @(1 +a)=500(1 + o) kHz
For proper transmission of the data,
(BW)signal < (Bw)channel
500(1 + a) < 600
(1+a)<1.20
o <0.20
O oy = 0.20
26. (0
(8 Filteiorrsl(att)ched y(t)

For a matched filter, peak value of the output will be numerically equal to the energy of the input
signal.

So, (Ol = | [0 dt

(3—%HOV; 0<|f<2

0 ;  otherwise

www.madeeasy.in © Copyright: MADE EASY
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2 3 2
SO’ |y(t)|max = 2.[(3_Et\J dt
0
9 2
= 2 [P +a-anat
2 0
3 2
A E L0 c12v
2|3 )
27.  (b)

f2(2) = fx(2) * f(2)
fx(z) = ae™ u(z)
fy(2) = be™ u(z)

Lif@) = —— and L{f @)} =

s+a

_ -1 ab _ -1 ab 1 _ 1
f7) =L {(s+a)(s+b)}_L {(b—a){(s+a) (s+b)}}

a—b[e_“z - e_bz}u(z)

" (b-a)
28. (b)
The transmission efficiency of an AM signal can be given by,
_ _kiBy
T 1s2p,
Here, k, = amplitude sensitivity of the modulator
=025 V!

P, = Power of the message signal
For the given message signal,
P, =A%=(2>=4
(0.25) (4) 025 1

= = ===0.20(or) 20%
o NS 025 14025 5 0

29. (a)
The rule to decide an optimum threshold value using MAP criteria is as follows:
Hy
fr(r[s0)P(s0) & fr(r[s1)PGs1)
Hy

The above expression says that,
* Decision is made in favour of “0”, if f(r | so) P(s,) is greater than f,(r | s P(sy)
* Decision is made in favour of “17, if f,(r | s,)P(s,) is greater than f(r | 50) P (s0)-

2 1
Given that P(s,) = 3 and P(s;) = 3
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The optimum threshold can be decided by using MAP criteria, by plotting the functions f (r | s1)P(s)
and fi(r | s1)P(s,) as follows:

Fr(rEs0)P(sp)
2/15
1/15 Fr(rby)P(sy)
—
4 ) 0 1 3 r

It is clear from the above diagram that,

For r < 1, fo(r [s)P(sp) > for |s)P(s;) and for r > 1, fo(r [ )P(s)) > for | 5P (5y).
So, the optimum threshold value is, T = L

30. (o)

The output of the narrowband FM modulator can be given by,

x(t) = Acos[2nfyt +o(H)]; (])(1,‘)|max =0.10 radians

The signal at the output of upper frequency multiplier can be given by,

y(t) = Acos[2mny fot+nq 0(t)]

After mixing y(f) with the output signal of the lower frequency multiplier, we get,

o) = A?cos[2mny fyt+m O(t)] cos[2mn fyt]

A? A?
= 7(:05 [27(ny +1y) fot+ 11 O(H) ] + 7(:05 [27(nq —1p) fot+ n10(2)]

It is given that the mixer is designed for up-conversion. So, the signal s(t) can be given by,

2

sty = Z-cos[2m(m +m)fyt+m o(o)] )

It is given that, f. = 104 MHz and Af__ = 75 kHz for s(t).
So, the modulation index of the wideband signal s(t) will be,

ax

A
B — fmax =n |¢(t)|max
fm(max)
75 kHz _
5
= ——=50
& 0.10
f. = (n; +n,)f, =104 MHz
(n1 + nz) x 100 104 % 1000

1040 - n, = 1040 - 50 = 990
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