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SeclHon A : Ana]ug and Digital Communication Systems

Q.1 (a)| Consider the system shown in figure. The signal x(f) is defined by:
x(#y= A cos 2nf t
1 '::-:I

|
— ik gt | e =
Low pass

+ . — L —. i = . !‘
. ~.| ilt il | filter yi)
Aok o —

i)
The low pass filter has unity gain in the passband and bandwidth WV, where {, < W. The

noise n(f) is white with two sided power spectral density %ND_ Determine the signal to

noise ratio at the output y(t).
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Q.1(b)

Cansider a continuous input signal whose amplitude V lies in the range [-V__, +V,_ |
This is applied to a uniform quantizer of mid-rise type where the step size is given by

A and L denotes the number of representation levels. Lot G'é represent the variance of

the quantization error and ‘n’ represent the number of bits per sample. Show that

L S Vo 27 and that the output signal to noise ratio of a uniform quantizer is

; 3P ,oa
(SNRg)= V2 2" (here Pis signal power
[12 marks]
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Q.1 (c)

The random process X(t) is defined by
X(t) = X cos 2t + Ysin 2nft

where X and Y are two zero mean independent Gaussian random varia ble each with
variance 6%,
()  Find m(f).
(1) Find R, (t+7, f). Is X(f) stationary? Is it cyclostationary?
[12 marks]
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Q.1(d)

7
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A PCM system uses a uniform quantizer followed by a 8-bit binary encoder. The bit rate
of the system is equal to 60 Mbps.

(i) What is the maximum message bandwidth for which the system operates
satisfactory?

(ii) Determine signal to quantization noise ratio for uniform distributed sample of
message signal having uniform quantization level.

[12 marks]
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Q.1 (e)

C{ZFT"I,SFIMj mﬂ Sfgnal ¢ y'nutol ded
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What are the capture effect and threshold effect in an FM system? List two different

methods used for FM threshold improvement.
[12 marks]
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Q.2 (a)

A communication channel has a bandwidth of 100 kHz. This channel is to be used for
transmission of an analog source m(t), where |m{f)| <1, whose bandwidth is 4 kHz.
The power content of the message signal is 0.1 W,

(i) Find theratio of the output SNR of an FM systemn that utilizes the whole bandwidth,
lo the output SNR of a conventional AM systern with a modulation index of p = (01.85.
What is this ratio in dB?

(ii) Show that if an FM system and a PM system are emploved and these systems have
same output signal to noise ratio, we have

BWipg  Bp+1

(B,= Modulation index of FM)

[10 + 10 marks]
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Q2(b)

An analog signal having 5 kHz bandwidth is sampled at twice the Nyquist rate and
each sample is quantized into one of 256 equally likely levels. Assume the samples to be
Statisticall}r independent.

(i) Calculate the information rate of the source.

(if) Can the outputof the source be ransmitled withoul error over an AWGN channel

o
with a bandwidth of 10 kHz and [ EJ ratio of 40 dB?

s
(iti) Find the [ﬁ] ratio so that the output of this source is transmitted without error
over an AWGN channel with a bandwidth of 10 kHz.

(iv) Find the bandwidth requirement for an AWGN channel for an error free

57
transmission of the output of this source it [,’!\F | ratio is 40 dB.
4

[20 marks]
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Q.2 (c)| (i) The two sided power spectral density of the channel noise 1s 1 x 10-1' W/Hz and
the carrier used in the transmitter is 15 cos (2nf ) mV. Binary data (equiprobable
bits) with a rate of 0.5 Mbps is transmitted through an AWGN channel using
different modulation schemes. In each case of different modulation schemes, the
signal are received by their respective correlator receiver with exact phase
synchronisation and with optimum threshold detection. Find the average symbol
error probability for modulation schemes BASK, BF5K and BPSK.

(ii) For a minimum hamming distance of 5",
1. How many errors can be detected?

2. [low many errors can be detected and corrected?
[14 + 6 marks]
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Q3 (a)

A Gaussian signal pulse given by,
i R e
2= i 2
) o 2T
is applied to the input of matched filter and the noise on the channel is a white noise

: : N 2
with power density spectrum of Tﬂ =107 Watt/Hz, then calculate the maximum

signal to noise ratio [i) in dB achieved by this filter with =1,
max

[20 marks]
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Q.3(b)| For each of the following processes, find the power spectral density.

(i} X(t)=Acos (2nf t + 0), where A isa constantand @ is a random variable uniformly

distributed on [D, E]

{ii) X(t) =x + v, where x and y are independent, x is uniformly distributed on [-1, 1]
and y is uniformly distributed on [0, 1].

[10 + 10 marks]
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Q.3 (c)

Consider the discrete memoryless channel shown below:

1/2
X, 0 "
T
A g e
X3 e / —=20

e
T e
1f3{f?.>'<a
I a// - =g Yy

1/2

If the input probabilities are P(x;) = P(x;) = % and P(xq)= % then determine the mutual

information (X ; Y).
[20 marks]
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Q4 (a)

&
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An AM signal has the form

u(t) = [20 + 2 cos 3000xt + 10 cos 6000 nt] cos 2nf .t

where f, = 10° Hz.

(i) Sketch the (voltage) spectrum of u(t).

(i) Determine the power in each of the frequency components.
(iii) Determine the modulation index.

{iv) Determine the power in the sidebands, the total power, and the ratio of the sidebands
power to the total power.
[5 x 4 marks]
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Q.4(b)

(i) A message source generates six message symbols m,, m., ... m, with probabilities
0.3, 0.2, 0.08, 0.25, 0.12, 0.05 respectively. Give Huffman code for these symbols.
Determine Lhe efficiency and redundancy of the code.

(ii) For an AM modulator with carrier frequency f, = 200 kHz and a maximum

modulating signal frequency fm(mmj =6 kHz, determine,

1. Frequency limits for the upper and lower sidebands.
2. Bandwidth

3. Upper and lower side frequencies produced when the modulating signal is a
single frequency 2 kHz tone.

[10 + 10 marks]
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A single-tone modulating signal m(t) = A cos(2nf 1) is used to generate the V5B signal

5(H= %m,ﬂ,ﬂf cos| 21(f, + fo )t | %Amﬁffi —a)cos[2n(f, - fu)t]

where ‘a’ is a constant, less than unity, representing the attenuation of the upper side
frequency.

(i) Find the quadrature component of the V5B signal 5(¢).

(ii) The VSBsignal, plus the carrier A_cos(2nf f), is passed through an envelope detector.
Determine the distortion produced in recovering the message signal.

(iii) Whatis the value of constant “a” for which this distortion reaches its worst possible

condition?
[20 marks]
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Q.5 (a)
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Section B : Signals and Systems-1 + Microprocessors and Microcontroller-1

+ Network Theory-2 + Control Systems-2

Consider a system described by the differential equation §()+2y(f)+3y(t) = x(f) with
x(#) =3¢, y(0) =3 and y(0)=4. Find its ZLR and ZS.R.

| R = °TOLE) o [12 marks]
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Q.5 (b)

ZIR fjtk}+z;ju}+3§ur1==1u_j

L) Hrvis) +Tiy(w

i = 3
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[\5"—“_‘5{_ SR 54L)

!

g9 S
54 4
=

Describe the following instructions of 8086:
iy LDSE,M

(i) AAM

(iii) DAS

{iv) CLI

[12 marks]
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Q.5 (c)| Consider the circuit below in which V, (£} = 5u(f) V, V() =3V,

i (07) =2 A.Find V__(f) and also obtain V_ att=1sec.

—

Vc‘l{ﬂ 05H .
I : o
1¥ +1;Lff] !
Valt) () 1E = _V,lh) 12F  Voul)
Coln 2/
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t) 72
Wig LD Ty
| @ fald
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Vin 16) = NS P I
5., =
S - Ll i
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S camy
P T

Lty [

V_(0) = 0 V and

[12 marks]
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The transfer function of a controller is given by,
10z +4
G, (8)=
If this controller is rcE]:Is-cd using an operational amplifier, then find the other parameters

of the controller aé_suming the capacitor value of 25 uF.
[12 marks]
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Q.5 (e)

Write a 8085 program to find 2's complement of the number stored in memory location
9000 H, and store the result in memory location 9001 H. Also give the flow chart of the
program and calculale execution time of program if operating frequency is 5 MHz.
[12 marks]
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s

(i) Explain all the basic machine cycles of 8085 microprocessor and differentiate
between instruction cycle (IC) and machine cycle (MC).

(ij) Draw the timing diagram of OUT instruction for 8085 microprocessor.
[10 + 10 marks]




——

MADE ERS4Y Question Cum Answer Booklet

Page 38 of 59

Do mot
Write in
this margin

e o,




Da net

@ MADE ERSY4Y Question Cum Answer Booklet | Page390f 59 |yoer




MAEDE ERNS4Y Question Cum Answer Booklet | Page 40 of 59

write in

his margin

Q.6(b)

For the system shown in the figure below, both the electrical control input and the
disturbance are unit step signals. Find the sensitivity of the steady-state error for changes
in K, and in K, individually, when K, = 100 and K, = 0.10.
Electrical
D(s) disturbance

Controller Plant

B A | - e
R(s) ‘!&‘ 5+2) C(s) .
Electrical MNon-glectrical
contral input Transducer output

A= G0

[20 marks]
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Q.6 ()

(i} Determine the Y parameters of given network.

F 2F
—
‘ [ 2L
1 2
20 [
1F %m
T'a T 1 a7

(ii) Below given figure displays an amplifier model containing a VCCSwith g, =2mS
(milli-Siemens) and R; = 20 k€. The applied sinusoidal voltage V. (jo) has a
magnitude of 0.1 V at 10 MHz. The load is modeled by the parallel combination of
R, and the 40-pF capacitor, The caparitance accounts for such real-world phenomena
as wiring capacitance, the device input capacitance, and other embedded
capacitances. This capacitance cannot be removed from the circuit and often has
deleterious effects on the amplifier performance.

i h ! + !

i (ﬁ Vi, i iv'l ég’"uj :gi' Vwri =C= EE RLE
; i | | i |40pF 7
~ Source  Amplifier T Load

1. With the load connected directly as shown (without L), find the magnitude of
the output voltage.

2. If an inductance L is connected across the load to tune out the effect of the
capacitance, find the value of L and the resulting |V |. What is the impact
on the amplifier gain?

[8 + 12 marks]
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Q.7 (a)| (i) Explain the addressing modes of 8086 with one example each.

(ii) Obtain the physical address and effective address for different addressing modes
of 8086 with the contents of register as given below:

Offset = 1000 H; [AX] = 5000 H; [BX] = 2000 H; [S1] = 3000 H; [BF] = 5000 H;
[DI] = 4000 H; [SP] = 6000 H, [DS] = 7000 H

Register indirect addressing mode (assuming DI).

Based addressing mode (assuming BX)

Based index addressing mode (assuming DX).

o

Based index with displacement addressing mode (assuming BX).
[14 + 6 marks]
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Q.7 (b)| A system is described by the following state and output equations:
dx; (f) dxy (f)
# = 3x,(f) + x,(f) + 2u(f); # = =2x, () +ult); y(t) = x (i)

If u(t) is the input and y(f) is the output, then find the system transfer function and state
transition matrix of the above system.

[20 marks]
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Q.7 ()| In the circuit given below V. () = 5 sin t u(f) V and V (0 ) = 0. The switch is initially in

fort=10.

position A. The switch *5' moves from position ‘A’ to position ‘B’ at { = 1s and from
position "B to position ‘A’ at ¢ = 25, where it remains for all subsequent time. Find V (f)

10 A v g .1ﬂ

W 1
Viglt) =5 sin tuft) () -V:[i}

30 IFT_

e e i L - - L e D L L
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Q.8 (a)

Determine the unilateral Laplace transform of the signals given below. Specify the
property used, if any, in each step.
(i) x(H)=[u(t=1)+u(-t-4)] *eHuit-1)

(i) x(t)= t-%{rz—t ccos tuff) + et + 1]}-.|
[10 + 10 marks]
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Q38(b)

Lul'”ﬂ“f;*"4+w”“ﬂﬁ"’“" PP 8 nik = SR

cLk
C‘i YLE) = gles) _get
& EE—H}L'«-'I L4
o)
bl Ll = {_ljﬁ I'-x[‘iv-'lﬁl!l
U_'].lll,\ﬂ r:\f--e__q,‘m(.lc] |I"-1‘:|-Q_(j7‘|:|_,. Yot 'Fwtﬂ?b‘\-’_a 'L_ ce il . 2> A j’j
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et 57415 L ]

A series circuit consists of a 300 Q non-inductive resistor, a 7.95 uF capacitor and a
2.06 H inductor of negligible resistance.

If the supply voltage is

o(t) = 25042 sin(314£+ 30°) V, calculate

(i) the circuit current,
(ii) the voltage drop across each component in the circuit,

(iii) the power consumed in the circuit.

done 2.0h H [5 + 10 + 5 marks]
-—-W_—l-[..—rrﬂ“.. .
T-asHF
}:'rL = lI— - III = -}:-I__
G _.‘?Hﬂ‘r-nrm:'u [y 2k
= dew -Fre = EHE B4
Z = -4 ]T\L - 1‘3'(
= r"i < hl. {_‘.‘:L —‘YL]
= 3eo+ | '[E,e.g.u.dr-q-m.r,]
2 = Zeo 4] 2462%
2 = 388.114 237387
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Q.8 (c)

(i) Consider an LTI system has the impulse response h(f) shown in figure below:

o
() — ¢ LB b
=

LTI
Tf the input x(f) = 8(¢ = 1) + 8(¢ - 2) + §(t - 3), then sketch output g{f).

(i) A voltage waveform V(I) has a period T = 2 second, its ourier series coetficient
values are:

C,=1.C=2,C=2
Obtain the value of V() atf=0.
[10 + 10 marks]
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