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Section A : Analog and Digital Communication + Control Systems
).1 (a)| Obtain the transfer function %6 for the signal flow graph shown in figure below:
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T
Q.1(b)| The instantaneous frequency of a sine wave is equal to f, + Af for I¢ SE' and f, for

T
It > B Determine the spectrum of this frequency-modulated wave.

[12 marks}
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Q.1 (c)

A unit-step response test conducted on a second-order system yielded peak overshoot
M, =0.12, and peak time £, = 0.2s. Obtain the corresponding frequency response indices
(M, w_, w,) for the system.

[12 marks]
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Suppose that binary PSK is used for transmitting information over an AWGN channel

N
with power-spectral density of 70 = 1071 W/Hz. The transmitted signal energy is

AT
E, = —— where T is the bit interval and A is the amplitude of signal. Determine the
signal amplitude required to achieve an error probability of 105, if the data rate is
1. 10Kbps
2. 1Mbps

(Assume Q[4.74] = 10°6)

[12 marks]
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.1 (e)

(i) The signal m(#) = 6 sin (2nf) volts is transmitted using a 4-bit binary PCM system.
The quantizer is of the midrise type, with a step size of 1 volt. Sketch the resulting
PCM wave for one complete cycle of the input. Assume a sampling rate of four

' 5
samples per second, with samples taken at t = ig, - 3 25 P seconds.

(ii) Band-limited message signal m(f} is encoded using PCM system which uses uniform
quantizer and 12-bit encoding. If the bit rate is 64 Mb/sec, what is the maximum
bandwidth of m(t) for satisfactory operation?

Calculate signal to quantization noise ratio if m(t) is full load single tone sinusoidal
signal of frequency 1 MHz.
[6 + 6 marks]
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.2 (a)

Design a unity feedback system, having the open loop transfer function with the following
characteristics:
1. It must have one zero.
2. Itisatype two system with one pole at -5.
3. Onapplying the input, R(s) = % ; we get steady state error of 0.2.
s
4. The magnitude of open loop transfer function at w =1 is 24.94 dB.
Calculate the output of the feedback system Y(s) for the applied input R(s)= %
s
‘ [20 marks]
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2.2 (b)

(i)

Design a unity negative feedback system with following specifications:
1. The system must be a second order with € <1.

2. The time gap between first peak overshoot and first peak undershoot is
0.785 sec.

3. Number of cycles completed before the output is settled within 5% of its final
value is 0.6366 cycles.

Consider the feedback control system shown in the below figure. The normal value
.of process parameter K is 1. Calculate the sensitivity of transfer function

T(s) = C(s)/ R(s) to variations in parameter K.
Controller

(ii)

Controlled process

K
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D.2 (c)

(i) In a DSB-SC system, the message signal m(f) is multiplied with the carrier signal
¢(f) = 5 cos(2nft) to produce a modulated signal s(f). If m(t) = 3 sinc(2f) - 2 sinc’(f)
and f, = 100 Hz, then determine and sketch the spectrum of the modulated signal

: sin{mt
s(f). Assume that, sinc(f) = %

ii) The spectrum of the message signal m(f) is shown below in figure (a). This signal is
P ge8ipt U g
processed by the system shown below in figure (b).

M(f)
M(0}
%
-W W .
Fig. (a)
x Ideal HPF | %,(f) %3(f) | Ideal LPF
e furot = fruaa=W [0
cos 2mf ¢ cos 2m(f. + W)t
Fig. (b)

If each filter has a passband gain of 1, then sketch the spectrum of the output signal
y(t). Assume that f >> W,
[10 + 10 marks]
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A second-order uncontrolled unity negative feedback system has a plant transfer
function,
4
G,(s) =
o) s(s+9)

Select a controller to satisfy the following specifications:
(i} The steady-state error due to ramp input is zero.
(if) The closed loop system has a zero ats = - 3.

(iii) The complex poles corresponds to natural frequency 5 rad/sec.
[20 marks]
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Q3(b)

(1)

(i)

A discrete memoryless source is described by the alphabet X = {x,, x,, ..... %5} and
the corresponding probability vector P = {0.2, 0.12, 0.06, 0.15, 0.07, 0.1, 0.13, 0.17}.

Design a Huffman code for this source; find L, the average codeword length for
the Huffman code; and determine the efficiency of the code.

Channel C, is an additive white Gaussian noise channel with a bandwidth W,

1
average transmitter power P and noise power spectral density —Ng. Channel C, is
g p p p ty 2 2

an Gaussian noise channel with the same bandwidth and power as channel C, but
with noise power spectral density S, (f). It is further assumed that the total noise
power for both channels is the same i.e.,

W W 1
[ Su(h)df = [ SNodf =NoW
-w -W

Which channel] has a larger capacity? Give an intuitive reasoning.
[10 + 10 marks]
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|
2.3 (c)

(1)

(i)

A discrete-time stochastic process X(n) = X(nT) is obtained by periodic sampling of
a continuous-time zero-mean stationary process X(t), where T is the sampling

1
interval; ie, f, = T is the sampling rate.
1. Determine the relationship between the autocorrelation function of X(f) and

the autocorrelation sequence of X(n).

2. Express the power spectral density of X(n) in terms of the power spectral density
of the process X(t).

3. Determine the conditions under which the power spectral density of X(n) is
equal to the power spectral density of X(t).

Consider the binary symmetric channel described in figure. Let P, denote the
probability of sending binary symbol x, = 0, and let P, =1 - P, denote the probability
of sending binary sysmbol x; = 1. Let P denote the transition probability of the
channel.

x=0 1 =42 Y%=0

=1 153 =1
1. Show that the mutual information between the channel input and channel
output is given by I{x : y) = H(z) - H(P);
where,
1 1
H(z)=1zlog, [—)+(1 = z)logz{——J .
4 L=
z=P,P+(1-P)(1-P)

and H(P)=Plog2[%J+(1—P)log2(i—:1—ﬁJ. ,

1
2. Show that the value of P, that maximizes I(x : y) is equal to 7

3. Also, show that the channel capacity equals C = 1 - H(P).
[10 + 10 marks]
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D4 (a)

Sketch the root-locus plot and determine the approximate damping ratio for a value of
K =1.33 for a control system having a forward transfer function,
_ K(s+2)
A (s+1)% +(~2)2°
[20 marks]
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Q4 (b)

(i) A message signal m(#) = A tanh(Bf) is applied to a delta modulator. Find the
minimum step-size required by the delta modulator to eliminate the slope-overload
distortion for the given message signal. Assume that A and P are real positive
constants.

(if) Eight telemetry signals, each with a bandwidth of 12 kHz, are to be transmitted by
binary PCM with TDM. The maximum tolerable quantization error is 0.6 percent
of the peak signal amplitude. The signals are sampled at 25 percent above the
Nyquist rate. In TDM, framing and synchronization require an additional
0.5 percent extra bits. Determine the minimum transmission data rate and the
minimum required channel bandwidth to transmit the multiplexed signal.

[10 + 10 marks]
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Q4 (c)| (i) Systemis described by the state equations.:
X= o X+ ; Uand Y=[1 1]X
= g [Hand ATy
Determine whether the system is controllable and observable.
(ii) The system shown in figure below is to be compensated by tachometer feedback
such that the maximum overshoot is limited to 50%. Determine the value of
tachometer feedback constant k,.
R(s) i C(s)
52
Uncompensated system
[10 + 10 marks]
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Q.5 (a)

L

Section B : Analog and Digital Communication + Control Systems

Sketch the polar plot of the transfer function given below. Determine whether the plot
cross the real axis. If so, determine the frequency at which the plot cross the real fxis
and the corresponding values of G(jw).

(1+0.25)(1+0.025s)
s° (1+0.005s)(1+0.001s)

Gs) =

[12 marks]
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Q.5 (b)

(i)

(i)

An FM signal with a frequency deviation of 10 kHz at a modulation frequency of
5 kHz is applied to two frequency multipliers connected in cascade. The first
multiplier doubles the frequency and the second multiplier triples the frequency.
Determine the frequency deviation and the modulation index of the FM signal
obtained at the second multiplier output. What is frequency separation of the
adjacent sidebands of this FM signal?

A certain sinusoid at a frequency f Hz is used as the modulating signal in both a
conventional AM system and a FM system. When modulated, the peak frequency
deviation of FM system is set to three times the bandwidth of the AM system. The
magnitude of those sidebands spaced at #f Hz from carrier in both systems are
equal and the total average power is equal in both systems (Given [, (6) = 0.34)
Determine the

1. Modulation index of the FM system.

2. Modulation index of the AM system.
[6 + 6 marks]
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Q.5 (c)| A unity negative feedback control system has an open-loop transfer function consisting
of two poles, two zeros and a variable gain K. The zeros are located at -2 and -1; and
poles at -0.1 and 1.
Using Routh Hurwitz stability criterion, determine the range of values of K for which
the closed loop system has
(i) no poles in the right half of s-plane.
(if) 1 pole in the right half of s-plane.
(iif) 2 poles in the right half of s-plane.
[12 marks]
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Q.5(d)

)
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7 e C“\ 7
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An FSK system transmits binary data at the rate of 4.5 x 10° bits per second. During the
course of transmission, white Gaussian noise of zero mean and power spectral density
10-% watts per hertz is added to the signal. In the absence of noise, the amplitude of the
received sinusoidal wave for digit 1 or 0 is 1.2 p volt. Determine the average probability
of symbol error, assuming coherent detection.

Assume erfc(z) =
NTZ
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Q.5 (e)| Consider a minimum phase system whose asymptotic bode magnitude plot is depicted
in figure.
Determine:
(i) the transfer function G(s) of the system.
(if) the gain cross over frequencies o, and w,,.
4dB
I*eodg/d
| e - 40 dB/decade
‘[6 + 6 marks]
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Q.6 (a)

The system shown in figure is a unity-feedback. Control system with a minor rate-
feedback loop.

R(s) * E@s)* ~ 16 Y(s)
_ ./ s(s + a)
pLOSE

(i) Inthe absence of rate feedback (ct = 0), determine the peak overshoot of the system
to unit-step input and the steady-state error resulting from a unit-ramp input.

(ii) Determine the rate-feedback constant o which will decrease the peak overshoot of
the system of unit-step input to 1.5%. What is steady-state error to unit-ramp input
with this setting of the rate feedback constant?

(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 over-shoot to
unit-step input is maintained at 1.5%.

[4 + 8 + 8 marks]
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Q.6(b)

Design an Armstrong indirect FM modulator to generate an FM signal with carrier
frequency 97.3 MHz and Af = 20.48 kHz. A NBFM generator with f, = 20 kHz and
Af=10Hzis available. Only frequency doublers can be used as multipliers. Additionally,
a local oscillator (LO) with adjustable frequency between 400 kHz and 500 kHz is readily
available for frequency mixing.

[20 marks}
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Q.6 (c)

A signal m(t) = 3 cos(25nf) - 2 cos (50nt), where the unit of time is milliseconds is amplitude
modulated using the carrier frequency (f,) of 600 kHz. The AM signal is given by

s(t) = 6 cos (2nf ) + m(t) cos(2nf ).

(i) Sketch the magnitude spectrum of s(f). What its bandwidth?

(ii) What is the modulation index?

(iif) The AM signal is passed through a high-pass filter with cut-off frequency 590 kHz.
(i.e., the filter passes all frequencies above 590 kHz, and cuts off all frequencies
below 590 kHz). Find an explicit time-domain expression for the quadrature
component of the filter output with respect to a 600 kHz frequency reference.

[8 + 2 + 10 marks]
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Q.7 (a)

For the system represented by the block diagram shown in figure below, evaluate the
closed-loop transfer function when the input R is

(i) atstation A and
(ii) at station B.

Station A Station B
| Ha
+ - +
+ +
5 o 0 o —
H I
|24
11 |

[10 + 10 marks]
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Q.7 (b)

() A linear time-invariant system is characterized the homogeneous state equation.

HEE

1. Compute the solution of the homogeneous equation assuming the initial state
vector.

2. Consider now the system has a 'forc'mg function and is represented by the
following non homogeneous state equation:

al=[o S

where u is a unit step input.
Compute the solution of this equation assuming initial conditions of part 1.

(ii) Givenan open loop transfer function, discuss the stability of the closed loop system
by Nyquist stability criterion.

R(S) +/‘\ I__k___l iT(S).—l Y(S)
o/ L f i s

here, G(s) = :
i (s+1)(52+25+2)

[10 + 10 marks]
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()

(i)

(i)

A signal can be modeled as a lowpass stationary process X(f) whose PDF at any
time ¢, is given below,
fxl®)
D)

2 ! 2

The bandwidth of this process is 5 kHz and it is desired to transmit it using a PCM
system. If sampling is done at the Nyquist rate and a uniform quantizer with
32 levels is employed then determine,

1. SONR

2. Bit Rate

Two binary symmetric channels are connected in cascade, as shown in figure. Find
the overall channel capacity of the cascaded connection, assuming that both channels
have the same transition probability.

Binary Binary
Input —~ symmetric —= symmetric — Qutput
channel-1 channel-2

Also, calculate the capacity of cascaded connection if the transition probability

is 0.4.
B

[5 + 5 + 10 marks]
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Q.8 (a)

(i) Derive the expression for the transfer function from the state model.
x=Ax+Bu
y=Cx+Du
and also specify the required assumption for obtaining transfer function as

% =T(s)=C(sI - A)'B+D

(i)

For the system shown below, if the resonant frequency of the system is 12 rad/sec
and magnitude at resonant frequency is 1.15.

R(s) k
% s(s +9) )
Calculate the values of
1 k 2. 4 3. Settlingtime 4. Bandwidth
[10 + 10 marks]
Lll) ¥ = AX 4 B 0 L’///,,-
D gy —xio) = AKCE) pBu(8) —
o ﬁﬂmjker ;F'Q")CHM M Uyw € ‘gqua,L(Mhm
(D)= 0

SX(A)=

e

D ]v.(& =

A X (A) +6ULLS)

(% 1~/4)—‘ 3O(4)

‘@ k.//
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Derive the transfer function of the system from the data given on the bode diagram
shown in figure below:

dB

log w

[20 marks]
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Let 5(¢) be a digital NRZ signal (+A), which passes through the noisy channel. Channel
introduces White Gaussian Noise [®(#)] having PSD of N,/2. Receiver was designed
using matched filter, sample and hold circuit and decision making circuit. Decision
making circuit uses maximum likelihood algorithm/technique. Compute the following;:

(i} Output of the sample and hold circuit when ‘A’ is transmitted.
(ii) Variance of the Noisy signal at the output of Sample and Hold circuit.

(iif) Compute the probability of error when ‘A’ is received/ detected as *-A" and -A’ is
interpreted as ‘+A".
[5 + 5 + 10 marks]
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