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1(a)

Sol

Section A : Analog and Digital Communication Systems

A

Let X(f) be a real WSS process and another process Y(t) = X(t). i.e., Y(f) is the Hilbert

transform of X(f). R,(t) and R(t) denote the auto-correlation function of X(f) and Y(¢)
respectively, and R,,(t) denotes the cross-correlation function of X(t) and Y(t). Then
prove that the following two relations are true.
R;: Ry(t) = Ry(7)
R,: Ry (-7) = -Ryy/(7)

[12 marks]
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Q.1 (b)
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Consider a single-tone AM signal as follows:
s(t) = [1 + ucosw, t]cosw t

1
Ifpu= ) and the upper sideband component is attenuated by a factor of 2, then determine

the expression for the envelope of the resulting modulated signal.
[12 marks]
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Q.1 (c)

5
Sof

Over the interval |t < 1, an angle modulated signal is given by, s(t) = 10cos13000t.

Carrier frequency o, = 10000 rad/s.

(i) If it is a PM signal with k, = 1000 rad /V, then determine m(f) over the interval
|tl<1.

(ii) If it is an FM signal with k.= 1000 rad/s/V, then determine m(t) over the interval
ltl<1.

EY t—iS t21) angic modulated S(’r7mqf S

<Tum ag S(t) = 10Cos13000¢

We = 0,000 ¥Qd [sec

[6 + 6 marks]
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2.1(d)
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Two continuous random variables X and Y are related as, Y =aX + b. If ‘a” and ‘b’ are
positive constants, then derive the relation between the differential entropies of the two
random variables.

. [12 marks]
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What are the advantages and disadvantages of delta modulation compared to PCM?
With the help of a sketch, mention various noises associated with delta modulation.

How will you overcome these noises?
[12 marks]
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22 (a)

Two random variables X and Y are independent and identically distributed, each with
a Gaussian density function with mean equal to zero and variance equal to 62, If these
two random variables denote the coordinates of a point in the plane, find the probability
density function of the magnitude and the phase of that point in polar coordinates.

[20 marks]
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Q.2 (b)| A double conversion superheterodyne receiver is designed with fz;, = 30 MHz and
fir@ = 3 MHz. Local oscillator frequency of each mixer stage is set at the lower of the
two possible values. When the receiver is tuned to a carrier frequency of 300 MHz,
insufficient filtering by the RF and first IF stages results in interference from three image
frequencies. Determine those three image frequencies.

[15 marks]
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Q-2 (c)

Consider the signal-space diagram of a coherent QPSK system as shown in the figure
below:

(DO @ === + —\E ----9(10)
i 4
[E 0| E %0
] r 2
i E |
i + 45~
l%(t)

,(t) and ¢,(t) are two orthonormal basis functions, which are represented as,

o, (f) = \@*COS(anct); 0<t<T

0,(t) = \ESiﬂ(anct) ; 0<t<T

All the four message symbols are occurring with equal probability and they are

transmitted through an AWGN channel with two-sided noise power spectral density of
N,
70- Suggest a receiver model to reproduce the symbols at channel output and derive

an expression for the probability of symbol error.
[25 marks]
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2.3 (a)

The samples of a stationary random process X(t), whose amplitude is uniformly
distributed in the range [-4, a], are applied to an n-bit uniform mid-riser quantizer.
Derive an expression for the signal-to-quantization noise ratio at the output of the
quantizer, with suitable assumptions. Using the expression obtained, find the
signal-to-quantization noise ratio for an 8-bit quantizer.
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A binary channel matrix is given by,
Outputs
h Y2
«f2 il
Inputs ‘ 3 3 |
glk 2
Lo 1o
If P(x,) =1/3 and P(x,) = 2/3, then determine: H(x), H(x |y), H(y), H(y |x) and I(x ; y)
[20 marks]
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Q.3(c)| (i) Ina DSBSC system, the message signal m(t) is multiplied with the carrier signal
c(t) = 4cos(2nf t) to form a modulated signal s(t). If m(t) = 2sinc(2t) - sinc?(t) and
f. =100 Hz, then determine and sketch the spectrum of the modulated signal s(t).

Assume that, sinc(t) = (sinnt) / mt.

ii) The spectrum of the message siegnal m (t) is shown below in Figure (a). This signal is
P ge sign gu gn
processed by the system shown below in Figure (b).

M) %,() [ 1deal HPF| %) o %) deal LPF]
MO) == s P
;
|
@ cos2m f .t cos2m( f.+ W)t
-W 0 W f
Figure (a) Figure (b)

If each filter has a passband gain of 1, then determine and sketch the spectrum of

the output signal y(t). Assume that f, >> W.
[8 + 12 marks]
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Q4(a)

The periodic message signal m(t) shown in the figure below is applied to a phase
modulator to modulate the carrier signal c(t) = cos(27nf.t). If the phase sensitivity of the
phase modulator is kp =1 rad/V, then determine and sketch the spectrum of the
modulated signal.

mi(t)
1V T
t
0
o T O o1
2 2 2 * f
-1V

[25 marks]
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Q.4 (b)

(i)

(i)

A binary data is transmitted through an ideal AWGN channel with infinite
bandwidth. The two sided power spectral density of the noise is %, If the average

energy transmitted per bit is E,, then derive the condition to be satisfied for error
free transmission.

A binary signal is transmitted through an ideal AWGN channel with infinite
bandwidth. The two-sided PSD of the channel noise is 7 uW/Hz. By using the
condition obtained in part (i), determine the minimum average bit energy required

for error-free transmission.
[12 + 3 marks]
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Q.4 (c)| A zero mean white Gaussian noise W(t) is processed by the section of a receiver shown
below.

W(t) o——4

e
+
: 2
[©)at —Jﬂz
If the two-sided noise power spectral density of the input white Gaussian noise W(t) is
Ng

=1W/Hz, then determine the variance of the corresponding output random

variable “n”.
[20 marks]
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Section B : Network Theory-1 + Microprocessors and Microcontroller-1

+ Digital Circuits-2 + Control Systems-2
Design a J-K flip-flop using a D flip-flop and a 4 x 1 MUX. Write various steps involved

in the process.

LGJ Design J-B i I
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Q.5 (b)

A control system with PD controller is shown below:

e «%_ Kp + Kps s(s%- 4) <)

Determine the value of K, and K}, such that the damping ratio of the system will be 0.75
and the steady state error for unit ramp input will be 0.25.

o ?n . 3 5 [12 marks]
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‘37
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Find the current i in the circuit shown below using nodal analysis.

i, Y
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60V 3i,
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(d)| Calculate the delay produced by the following subroutine program of an 8085
microprocessor, which is operating with a clock frequency of 2 MHz.
DELAY : MVIB,2H —— J7°

LOOP2: MVIC,FFH ~ — 3 T ™
LOOP1: DCRC —_— @ AT

INZLOOPL  ~—— o777 —
DCR B ——-—)@ 944

INZLOOP2 —s 47 -
- ‘—@ \DT < [12 marks]
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(@)| The following figure shows a unity feedback control system with rate feedback loop.
' 16
R(s) % op C(s)
os

Determine:

() The peak overshoot of the system for unit step input and the steady state error for
unit ramp input in the absence of rate feedback.

(ii) The rate feedback constant ‘o’ which will decrease the peak overshoot of the system
for unit step input to 1.25%. What is the steady state error to unit ramp input with
this setting.

(iii) Illustrate how in the system with rate feedback, the steady state error to unit ramp
input can be reduced to the same level as in part (i) while the peak overshoot to
unit step input is maintained at 1.25%.

ol 48 & [7 + 8 + 10 marks]
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Q.6 (b)

Ana

'Yeflqcl

(i) Explainwith a block diagram, the working principle of a dual-slope A/D converter.
Derive the expression for the output and maximum conversion time of the circuit.

(ii) A dual-slope A/D converter has a resolution of 4 bits. If the clock rate is 3.2 kHz, then
calculate the maximum sampling rate with which the samples can be applied to the
A/D converter.
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(©)

A circuit is made up of a 10 Q resistance, a 1 uF capacitance and 1 H inductance all
connected in series. A sinusoidal voltage of 100 V (rms) at varying frequencies is applied
to the circuit. Find the frequency at which the circuit would consume only 10% of the
power it consumed at resonance?

MMM Y
R=10n 'H - f‘«uF

[15 marks]
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Design a synchronous counter, whose sequence diagram is shown below, using

D flip-flops.
(%)

oo
(6)
| ofic
ﬁmq Lence> [20 marks]
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A linear time invariant system is characterised by the homogeneous state equation,

1)l

(i) Compute the solution of the homogeneous equation assuming the initial state vector

1
x(0) = {O}

(i) Consider now the system has a forcing function and is represented by the following
non-homogeneous state equation:

s o]l

where u is a unit step input function. Compute the solution of this equation

assuming initial conditions of part (i).
o [10 + 10 marks]
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(i) State and explain the Tellegen’s theorem.

(ii) For the network shown below, show that it will satisfy Tellegen’s theorem.
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Q.8 (a)

Two 8-bit numbers are stored in the memory locations 2000H and 2001H. Write 8085
assembly language programs to multiply these two numbers using,
(i) Successive addition method (i)  Shift and add method

The final result should be stored at the memory locations 3000H and 3001H.
[10 + 10 marks]
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Q.8 (b)

Consider the circuit shown in the figure below:

R
(LSB) dy o——AWW—

1 .
+5 V; forlogic—0 R/2

d; o——MM—

f% V; forlogic—1  (MSB) 4o E'/A':I
d, —MWW——
P R7

circuit.

(i) Derive an expression for output voltage, V in terms of input logic values.
(ii) Using the result obtained in part (i), determine the value of V| for all the possible
binary combinations of input and comment on the operation performed by the

[12 + 8 marks]
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Q8 (c)

(i) State and prove the maximum power transfer theorem for purely resistive source

circuit with variable load resistance.

(i) Determine the maximum power that can be delivered to the variable resistor R in

the circuit shown below.

s
N

5Q
15Q

[10 + 10 marks]
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