IAT 2 — 5™ Sem — Principles of Communication System — Questions with

Solutions

Internal Assessment Test 2 — December 2022

_SUb Principles of Communication Systems Sub Code: | 18EC53 | Branch: ECE
Date: 02-12-2022 Duration: |90 Minutes ‘ Max Marks: | 50 | Sem/ Sec: 4/A,B,C,D OBE
Answer any FIVE FULL Questions M| co | Rer
1 Explain the scheme of generation and demodulation of VSB modulated wave with relevant spectrum of|  [10] Co1 L2
signals and mathematical expressions
2 \With a neat block diagram, explain the working of a FDM transmitter and receiver [10] Co1 L2
3 \Write the basic block diagram of PLL? Derive the expression for nonlinear model of PLL. [10] COo2 L2
4 a. Asingle tone FM signal is given by, V=10 sin (16rx108t + 3sin 2rx103%). Find the modulation [5] C0O2 L3
index, deviation, carrier frequency, modulating frequency, and power of the FM signal
b. What is the bandwidth required for a FM signal if the modulating frequency is 1KHz and the
maximum deviation is 10KHz. Also find the bandwidth required for AM signal and compare the [5] Cco2 L3
both.
5 Derive the expression for WBFM, show that the spectrum of WBFM wave contains infinite number of [10] Co2 L3
sidebands. Write the expression of theoretical bandwidth for WBFM
6  |With relevant equations and diagram explain the direct method generation FM using Hartley Oscillator [10] CO2 L2
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1t In Frequency Modulation the frequency of carrier signal is varied according to the
instantaneous value of the modulating or baseband signal

» The general expression for Frequency Modulated (FM) Depending upon the frequency sensitivity kf,
wave is: " FM may be divided as:
SUt)= A CD&[UDct - KfJ ;cu».).olt] O Narrowband FM: k; is small therefore
= bandwidth of FM is narrow

» Frequency deviation is given as: O Wideband FM: k, is large therefore
o

bandwidth of FM is wide
= iy 2Oy = Kelxcol|, .
1\

A O A wideband FM is the FM wave with a large bandwidth, it has infinite bandwidth and hence
known as wideband FM

A 1 The modulation index m, of wideband FM is higher than 1

| It is used in the entertainment broadcasting applications such as FM radio, TV etc. |

= We know that the bandwidth of FM signal depends upon the frequency deviation (Aw)
= If frequency deviation is more, bandwidth will be large =
* |n case of Wideband FM, k;is high therefore bandwidth of FM is wide

T =



» The expression for Single Tone FM wave is given as:

S(t) = A cos (et +7my Sin 2t )-©

» This expression may be considered as a real part of the
exponential phasor given by:

» In above expression 2™ exponential is a periodic
function of period 1/f,, and can be expanded in the
form of complex Fourier series as:
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» The coefficient C, is given by:
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7 Substituting x =w_t, we get
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7 In the above equation, integral on the right hand
side is the n*® order Bessel function of the first kind
and argument m;
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» This function is represented by J,(my)
Dt
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7> In above expression, the real part of RHS provides the
expression for FM signal i.e.:

=
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» Therefore original single tone FM expression\\/is
converted into modified form which consist of Bessel
function

» The Bessel function is expanded in a power series

given as: .
= - ™) M +2™
Tteie 2 €V ™) @
mz=D Lz_n {4)1»77)

» Few important properties of Bessel function may be
summarized as:

1. Inlmg)= L )™ orarsnn

Tnlomg) = - Tery ™% 1 f=rodd >
2. JJLM) Z For small values of m;
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» By the use of first property, equation can be written as:

= s(t) = A{J, (my) Cos ot +J, (mg) [Cos (o, + ©,) t - Cos (o,
-o,)t]+J,(m) [Cos (0, +20,) t + Cos (0, - 20,) t] +J;
(my) [Cos (o, +30,) t- Cos (o, =30,) t] +1, (mg) [Cos (o,
+40,)t+Cos (o, - 4o, ) t]+......
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From the above equation some important points are summarized as:
] The FM wave consists of carrier, the first term represents the carrier

/0 The FM wave ideally consists of infinite number of sidebands, all the terms except the first one
are sidebands

. The amplitudes of the carrier and sidebands is dependent on the J coefficients

0 As the values of J coefficients are dependent on the modulation index my, the modulation index
determines how many sideband components have significant amplitudes

~A Some of the J coefficients can be negative, therefore, there is a 180° phase shift for that particular
pair of sidebands

& The carrier component does not remain constant as J,(my) is varying the amplitude of the carrier
will also vary, however, the amplitude of FM wave will remain constant

A For certain values of modulation index, the carrier component will disappear completely, these
values are known as eigen values

O In case of FM, the total transmitted power always remains constant, it is not dependent on the
modulation index



1 The FM modulator circuits are used for generating FM
signals can be broadly divided into two categories

Methods of FM Generation
alhod S 5
Varylog tie Trequency of Direct Methods Indirect Methods

the carrier directly by directly altering the phase of the
the modulating input / \ carrier based on the input (it is a
form of direct phase modulation
Reactance Varactor Diode A
Modulators Modulator Method

F
A0 Direct method is also known as parameter variation method, where the baseband
or modulating signal directly modulates the carrier

- The carrier signal is generated with the help of an oscillator circuit
A This oscillator circuit uses a parallel tuned L-C circuit

<

The frequency of oscillation of the carrier generation is given by: ®, = 7:‘—0 v ua.
zctE)
> The carrier frequency @, oy W accondance > The inductance L of the tuned circuit may
with the baseband of modaulating signal x(t) if L also be varied in accordance with the
or C is varied according to x(t) baseband or modulating signal x(t)
> An oscillator circuit whose frequency is /| » The FM circuit using such inductors is

controlled by a modulating voltage is known called saturable reactor modulator
as voltage controlled oscillator (VCO) =

_t» The frequency of VCO is varied according to the
modulating signal just by putting a shunt voltage

Frequency modulation can also be achieved
variable capacitor with its tuned circuit 4 :Z‘: v:mt‘. wm:"t.d d'\:’m l:uc: a: PIN
/| » This voltage variable capacitor is known as iode, Klystron oscillators and multivibrators

varactor or varicap N:




v[Q In direct FM generation, the instantaneous frequency of the carrier is changed directly in
proportion with the message signal

3 A reactance modulator changes the frequency of tank circuit of oscillator by changing its reactance

» The frequency of this oscillator is

Variable Reactance
o changed by changing the reactive
3 / = components involved in the tuned

J- i circuit
"f‘/w"e c L Modulating  » If L or C of a tuned circuit of an
~c+)Signal oscillator is changed in accordance
/-l— $ w7 with the amplitude of modulating
¥ I signal then FM can be obtained
Oscillator - across the tuned circuit
Tank Circuit —

~{* A two or three terminal device is placed across the tuned circuit
= The reactance of the device is varied proportional to modulating signal voltage
= |t will vary the frequency of the oscillator to produce FM

* The devices used are FET, transistor or varactor diode ‘\:
Frequency of oscillations of the Hartley oscillator is: An example of direct FM is shown in figure, which
1 uses Hartley oscillator along with a varactor diode

£ = 5r T, + Ly Co) P

| where C(t) = C+ C, octor
o

Let the relationship between the modulating voltage x(t) = 0 and the

capacitance C(t) is written as: L L,
C(t) = C-k,x(t) — 1
@s the sensitivity of the varactor capacitance C.!t) >
L1
1 1
fi(t) a 2""“"1 + Lz)(C-kc x(t) - 2“[‘/(1" * Lz)C—(L, x 1'2) ke x(t) J fo is the oscillator frequency in absence of
1 the modulating signal [x(t) = 0]. Therefore,
fi(t) = kx> —‘@ k 12 | &
2n (L, + Lz)C[l -—C;] 5 fi(t) = f, [1 - E”x(t)]_
o Let us say, m =1, > q A



If the maximum change in the capac_'_ntfnce corresponding to the 172
modulating wave is assumed to be small as compared to the fi(t) = £, [1-&,((;)]_
unmodulated capacitance C, then equation can be written as: ; C
k. N
f(t) = f, [1 + %X(t)] -
k
foke
f=f+ 5c -x(t) N S .
Lt
. foke
let us define: % = kf N
Therefore, we can write: fi(t) = f + k¢ x(t) N
Where,

k; is known as the frequency sensitivity of the modulator

Q 1t is very difficult to get high order stability in carrier frequency. It is because in
this method the basic oscillator is not a stable oscillator, as it is controlled by the
modulating signal

O Due to the non-linearity of the varactor diode, FM signal is distorted. Varactor
diode produces frequency variations are produced because of harmonics of the
modulating or baseband signal




