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T PART A
I.1. A system of mobile nodes connected with each other via wireless 2 2
medium without infrastructure support
9. Iilectromagnetic  waves are oscillations containing electric  and 2
magnetic fields travelling through free space with the speed of light 2
10
3 A continuous time signal can be represented in its samples and can be -
recovered back when sampling frequency fs is greater than or equal to %
the twice the highest frequency component of message signal.
2
Automatic Frequency Control (AFC is a method or circuit to 2
- & automatically keep a resonant circuit tuned to the frequency of an
incoming radio signal. It is used in radio receivers to keep the receiver
tuned to the frequency of the desired station. 2 5
5.
Limiter circuit is used in FM receiver to remove the noise present in the
peaks of the received signal and to remove any amplitude variation in
the received signal: the output of the limiter has constant amplitude..
PART B
“ | 5 Incoming light Reflected light
30
n =
Nrefr H ater
; 2 343 |6
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Reflection involves a change in direction of waves when they bounce off
a barrier. Refraction of waves involves a change in the direction of waves
as they pass from one medium to another. Refraction, or the bending of
the path of the waves, is accompanied by a change in speed and
wavelength of the waves.

Comparison between AM and FM

Parameter N AM FM
1. Definition Amplitude of carrier 15 _ Frequency of carrier 15
varied in accordance with varied in accordance with
amplitude of modulating the amplitude of )
signal keeping frequency modulating sgnal keeping
and phase constant. amplitude "and phase
constant.
Z.Constant Freguency and phase. Amplitude and phase.
parameters
3. Modulatécd signial Ex* By
g Juzr B P e .
e ~ e
15 e e .
AM Wava FM Wave
4. Modulation Index
m=Em/Ec m = §/ fm
5. Number of Unly Two Infinite and depends on my.
sidebands
6. Bandwigth BW = 2f,, BW =2 (5 F T (man))
7. Application MW, "SW band broadcasting, | Broadcasung FM, audio
video transmission in TV. transmission in TV.

1. Reduction in the height of antenna
For the transmission of radio signals, the antenna height must be multiple
of 2/4 . where & is the wavelength .

}L =g/t

The minimum antenna height required to transmit a baseband signal of f

= 1() kHz 18 calculated as follows :

b 3 x 108

Minimum antenne height = i E S AR A0R AT

= 7500 metersi.e. 7.5 km

The antenna of this height is practically impossible to install.
consider a modulated signal at f = 1 MHz . The minimum antenna height
is given by,

Ming T h'ht_'1 C_ duih 75 met
oi e Ly Gl B
Mrumuman eﬂna g P z 4x10><105 meters

Thus, modulation reduces the height of the antenna.

2. Avoids mixing of signals

If the baseband sound signals are transmitted without using the
modulation by more than one transmitter. then all the signals will be in the
same frequency range i.e. 0 to 20 kHz. Therefore. all the signals get mixed
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together and a receiver cannot separate them from each other .Hence, if

each baseband sound signal is used to modulate a different carrier then
they” will occupy different slots in the frequency domain (different
channels). Thus, modulation avoids mixing of signals.

3. Increase the Range of Communication

The modulation process increases the frequency of the signal to be
transmitted. Therefore, it increases the range of communication.

4. Multiplexing is possible :

This is possible only with modulation. The multiplexing allows the same
channel to be used by many signals. Hence, many TV channels can use
the same frequency range, without getting mixed with each other or
different frequency signals can be transmitted at the same time .

5. Improves Quality of Reception

With frequency modulation (FM) and the digital communication
techniques such as PCM, the effect of noise is reduced to a great extent.
This improves quality of reception.

Pre-emphasis: The noise suppression ability of FM decreases with the
increase in the frequencies. Thus increasing the relative strength or
amplitude of the high frequency components of the message signal before
modulation is termed as Pre-emphasis.

De-emphasis: In the de-emphasis circuit, by reducing the amplitude level
of the received high frequency signal by the same amount as the increase
in pre-emphasis is termed as De-emphasis.

e The pre-emphasis process is done at the transmitter side, while the
de-emphasis process is done at the receiver side.

« Thus a high frequency modulating signal is emphasized or boosted
in amplitude in transmitter before modulation. To compensate for
this boost, the high frequencies are attenuated or de-emphasized in
the receiver after the demodulation has been performed.

e Pre-emphasis circuit is a high pass filter or differentiator which
allows high frequencies to pass, whereas de-emphasis circuit is a
low pass filter or integrator which allows only low frequencies to
pass.

17 db

+3dB
0da
~3dp

~17d8 5
SHE 2120 Hz 16 kHz £

Fig 2
+exp
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» When the characteristics of the noise are known and are different
from signals, it is possible to filter it or process the signsl

» Internal noise of the electronic system can be reduced by low noise
amplifiers.

» Noise can be reduced by controlling the environment.

In simple AGC the AM diode detector produces the DC level that is
proportional to the message signal. This DC level is fed to an RC LPF to
remove the audio signal which forms the AGC bias correction voltage.
This AGC bias is then applied to the base of IF and RF amplificr
transistors to control their gain. When the incoming signal level increases,
AGC bias voltage increases which in turn reduces the IF and RF amplifier
gains.

s
" n
< 7
tagwe. 5 {rf T
ot =

Envelope Detector (AM DemodutatorDetactor)

In rectifying the RF signal, the AM diode detector provides an output
equivalent to the envelope of one half of the signal, i.e. it is an envelope
detector. The incoming amplitude modulated RF signal consists of a
waveform of both positive and negative going voltages .The diode
envelope detector rectifies the waveform leaving only the positive or
negative half of the waveform.The high frequency element of this is then
filtered out, typically using a capacitor which forms the low pass filter.

3x2

Fig
3+

exp 3

Fig3

exp 3
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Il a

b

IV a

PART C
Skip Distance: It is the distance from the transmitting antenna to a point
where the EM waves first return to earth after reflection from the
1onosphere.
Maximum Usable Frequency :It is the highest frequency at which the
ionosphere bends the radio waves back to the desired location on the
ecarth. It depends on the level of solar radiation strength and time of day.
Critical Frequency:It is the highest frequency above which the waves
penetrates the ionosphere and below which the wavws are reflected back
from the ionosphere.

Transmiiter

fiie

"~

et wav
Drireet wave (e

Ground

Flg Space wave propagation

The space waves are the radio waves of very high frequency (i.e. between
30 MHz to 300 MHz or more). The space waves can travel through
atmosphere from transmitter antenna to receiver antenna either directly or
after reflection from ground in the earth’s troposphere region. That is why
the space wave propagation is also called as tropospherical propagation.
The space wave propagation is also called as line of sight propagation.
This propagation is limited (i) to the line of sight distance and (1) by the
curvature of the earth.

The line of sight distance is the distance between transmitting antenna and
receiving antenna at which they can see each other, which is also
called range of communication. Thus the range of communication can be
increased by increasing the heights of transmitting and receiving antennas.
The space wave propagation is utilized in television communication, radar
communication etc.

[ o o

Parabolic Reflectors are Microwave antennas. The frequency range used

Fig
3+
exp 6
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IVb

for the application of Parabolic reflector antennas is above 1MHz. These
antennas are widely used for radio and wireless applications.

» The standard definition of a parabola is - Locus of a point, which
moves in such a way that its distance from the fixed point
(called focus) plus its distance from a straight  line
(called directrix) is constant. The point F is the focus (feed is
given) and V is the vertex. The line joining F and V is the axis of
symmetry. PQ are the reflected rays where L represents the line
directrix on which the reflected points lie . All the waves
originating from focus, reflects back to the parabolic axis. Hence,
all the waves reaching the aperture are in phase.

» As the waves are in phase, the beam of radiation along the
parabolic axis will be strong and concentrated.

Ground Wave propagation is a method of radio wave propagation that
uses the area between the surface of the earth and the tonosphere for
transmission. The ground wave can propagate a considerable distance
over the earth's surface particularly in the low frequency and medium
frequency portion of the radio spectrum.

Ground wave radio signal propagation is ideal for relatively short distance
propagation on these frequencies during the daytime. A ground
wave radio signal is made up of a number of constituent waves. If the
antennas are in the line of sight then there will be a direct wave as well as
a reflected signal. The direct signal is one that travels directly between the
two antennas and is not affected by the locality. There will also be a
reflected signal as the transmission will be reflected by a number of
objects including the earth's surface and any hills, or large buildings that
may be present. In addition to this there is a surface wave. This tends to
follow the curvature of the Earth and enables coverage beyond the
horizon. It is the sum of all these components that is known as the ground
wave. Beyond the horizon the direct and reflected waves are blocked by
the curvature of the Earth, and the signal is purely made up of the
diffracted surface wave. It is for this reason that surface wave is
commonly called ground wave propagation.
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V.b

AN
Madulator [ == =
My

Message Signal x (1)

E.cos {2nf.t)

180° Phase ey | Carrier Z DSB-5C
Shifter Osaliator Output 5 (t]

Eccos (2nd 1)

5 AN
————*™ Modulator Tt e e =
M

[t consists of two standard amplitude modulators arranged in the balanced
configuration so as to suppress the carrier completely. The carrier signal
c(t) is connected to both AM modulators M, and M; .The message signal
X(1) is applied as it is to M, and its inverted version -X(t) is applied to M.
output of My : si(t) = E([1 + m x (1)] cos (27 f.t)
output of Mj : sy(t) = E([1 — m x (1)] cos (2x fet)
These are then applied to a subtractor and the subtractor produces the
desired DSB-SC signal
Subtractor output = s(t) — s(t)
=Ec[1 +mx ()] cos 2n fet) E[1 —m x (t)] cos (2m ft)

= Eccos 2m f)[{1 + m x (1) }-{1 —mx (t)}]

=Eccos (2m £O[1 + m x (1)- 1 +m x (1)]

=2m Ex (t)cos (2 f.t)
The R.H.S. of this expression consists of product of X(t) and c(t) = E.cos
(2m fet) .
Hence, it represents a DSB-SC signal .

Amplitude Carrier Signal
Amphinide

al i
Base hand signal : 1
+ Al
4 1
v i
l Time H

Time

Al

Masimen
Ampinus: AM HODULATED WavE

Let the modulating signal be,
m(t)=AmCos(2mfmt)m(t)=AmCos(2xfint)
and the carrier signal be,

c()=AcCos(2mfct)c(t)=AcCos(2nfer)

Fig
4+Ex
p4
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Vl.a

Amand Ac are the amplitude of the modulating signal and the carrier
signal respectively.
fm and fc are the frequency of the modulating signal and the carrier
signal respectively.

Then, the equation of Amplitude Modulated wave will be

s(t ): [Ac+AmCOS(27€fmt)] COS(zﬂfct)
s()=[ActAmCos(2nfmt)]Cos(2nfect) ............. EQNI

Modulation Index or Modulation Depth states the level of modulation
that a carrier wave undergoes.

Rearrange the Equation 1

s(t)=Ac[ 1 t(AnAc)Cos(2mfmt) |Cos(2mfet)
s(D=Ac[1+(Am/Ac)Cos(2nfmt)]Cosi/o{ 2nfct)

=s()=Ac[ 1+uCos(2nfmt)|Cos(2nfct)=
s()=Ac[1+pCos(2nfmt)]Cos(2nfct) ......... EQN2

Where, pt is Modulation index and it is equal to the ratio of Am and Ac.

K =Am/Ac

Pulse Amplitude Modulation (PAM) is an analog modulating scheme in
which the amplitude of the pulse carrier varies proportional to the
instantaneous amplitude of the message signal.

Pulse Width Modulation (PWM) or Pulse Duration Modulation
(PDM) or Pulse Time Modulation (PTM)is an analog modulating
scheme in which the duration or width or time of the pulse carrier varies
proportional to the instantaneous amplitude of the message signal.

Pulse Position Modulation (PPM) is an analog modulating scheme in

Fig
3+
expb
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VLb

VIIL. a

which the amplitude and width of the pulses are kept constant, while the
position of each pulse, with reference to the position of a reference pulse
varies according to the instantaneous sampled value of the message
signal.

Infarmation Snglml

— A

FM Signal

Carson's Rule can be expressed simply as a formula:

BT=2(At+fm)

Where:

Af=deviation

BT=total bandwidth

fin = modulating frequency

Transmitting
anteena
Carrier Buffer Frequency Power
oscillator Amplifier " multiplier " Amplifer

Carrier chain 3
Modulated class C
power amplifier

g Audir? driver | | Audio power _____T

ampllfer amplifer

Audio section

Fiaure (a) Block diagram of high level AM transmitter
In  high-level transmission, the powers of the carrier and

modulating signals are amplified before applying them to the modulator
stage.

Carrier oscillator

The carrier oscillator generates the carrier signal, which lies in the RF
range. The frequency of the carrier is always very high

Buffer Amplifier

The purpose of the buffer amplifier is two fold. It first matches the output
impedance of the carrier oscillator with the input impedance of the
frequency multiplier, the next stage of the carrier oscillator. It then
isolates the carrier oscillator and frequency multiplier.

3+3

Fig
4+
exp 4
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VILb.

Frequency Multiplier

The sub-multiple frequency of the carrier signal, generated by the carrier
oscillator , is now applied to the frequency multiplier through the buffer
amplifier. This stage is also known as harmonic generator. The frequency
multiplier generates higher harmonics of carrier oscillator frequency.
Power Amplifier

The power of the carrier signal is then amplified in the power amplifier
Stage.

Audio Chain

The audio signal to be transmitted is obtained from the microphone. The
audio driver amplifier amplifies the voltage of this signal. This
amplification is necessary to drive the audio power amplifier.

Modulated Class C Amplifier

This is the output stage of the transmitter. The modulating audio signal
and the carrier signal, after power amplification, are applied to this
modulating stage. The modulation takes place at this stage. The class C
amplifier also amplifies the power of the AM signal to the required
transmitting power. This signal is finally passed to the antenna., which
radiates the signal into space of transmission.

Ant

Exciter Sectian * Freguency Mulipher Power Section
LN TR il iiiaat BT ‘____-_‘7777ﬁ____‘
! r : Frequenc : x Power :
| Carner Buffer : requency : Driver Output [
| Oscillatar Ampplifies Multipher Amplifier Amplifier :
[ ) :
| T i |
| Reaclance [
|| Modulator “on : ‘
I i : ‘
e L 1 T T |
Audio Input

The Exciter
» The function of the carrier oscillator is to generate
a stable sine wave signal at the rest frequency, when no
modulation 1s applied. It must be able to linearly change frequency
when fully modulated, with no measurable change in amplitude.
» The buffer amplifier acts as a constant high-
impedance load on the oscillator to help stabilize the oscillator
{requency.
» The modulator acts to change the carrier oscillator
frequency by application of the message signal.
Frequency Multiplier
» Frequency multipliers are tuned-input, tuned-output
RF amplifiers in which the output resonant circuit is tuned
to a multiple of the mput frequency.
Power output section
> The final power section develops the carrier power, to be
transmitted and often has a low-power amplifier driven the final
power amplifier.

Fig
4+
exp3
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VIIL

VIILD.

Phase

Crystal ] k
escilator A Transimiting
antanna
[Ca!nel ’?
M
Carrier |combinng| wave. | Group of Group of Class C
Buffer T et mattiphers| ] M ™ inpliors [ {power amp
i J 1 Cnly i ;
i sidebands |
o . e
%0 phase : Balanced \_r\;}stfu Mulipliers
shifiet | modutator H oscitator and amplifiars
4 Equalised
v
50 shilied madlating signal
carner
Audio
Trregr ooy agualize:

'
l.‘odu&abt—;sagna\
The crystal oscillator generates the carrier at low frequency

typically at IMHz. This is applied to the combining network and a
90° phase shifter.

The modulating signal is passed through an audio equalizer to
boost the low modulating frequencies .The modulating signal is
then applied to a balanced modulator.

The balanced modulator produced two side bands such that their
resultant 1s 90° phase shifted with respect to the unmodulated
carrier.

The unmodulated carrier and 90° phase shifted sidebands are
added in the combining network.

At the output of the combining network we get Fm wave. This
wave has a low carrier frequency fcand low value of the
modulation index mf .

The carrier frequency and the modulation index are then raised by
passing the FM wave through the first group of multipliers. The
carrier frequency is then raised by using a mixer and then
the fc and mf both are raised to required high values using the
second group of multipliers.

The FM signal with high fc and high mfis then passed through a
class C power amplifier to raise the power level of the FM signal.

Internal noise:

B R

Shot noise

Partition noise

Low frequency/flicker noise
High frequency/transit time noise
Thermal noise

Fig
5+
exp 4

Any
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1X.a.

Extern
1.
2.
3.

Ganged

tuning

al noise

Atmospheric noise
Extra terrestrial noise
Industrial noise

RF - ¥ AF
weiFEr [N UOER e aweurgr  m DETECTCR W yupiieq -ﬁmn

o J 7

AGC

LOCAL
"| OSCILLATOR

In the superheterodyne receiver, the incoming signal through the
antenna is filtered to reject the image frequency and then amplified
by the RF amplifier.
RF amplifier can be tuned to select and amplify a particular carrier
frequency within the AM broadcast range.

The amplified RF frequency is then mixed with the local
oscillator frequency.
The combining of these two signals i1s done at the mixer which
produces sum and difference frequency signals of the incoming
carrier  signal  and  local  oscillator  signal,  which
are fOSC+{RF and fOSC-
The sum frequency is rejected by the filter and the remaining
difference frequency signal which is a down converted frequency
signal is called as intermediate frequency (IF) carrier
The modulation of the IF carrier signal 1s same as that of the
original carrier signal and it has a fixed frequency of 455kHz
which is amplified by one or more stages of amplification.
This amplified IF signal is applied to the detector to detect the
information signal component from 455 kHz IF, to reproduce the
original information data, which is generally in the form of audio
signal.
The RF component is filtered out and audio is supplied to the
audio stages for amplification.
The generated audio signal is then applied to the AF amplifier to

increase the audio frequency level of the signal and to provide

Figd

exp 5
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1X.b.

X.b.

enough gain to drive the speaker or headphones.
« A speaker is connected to the AF amplifier to play the audio

information signal.

1. If IF is too high poor selectivity and poor adjacent channel
rejection occurs

2. A high value of IF increases tracking difficulties

3. IfIF is too low poor image frequency rejection occurs

4. If IF too low frequency stability of local oscillator must be made
correspondingly high.

5. Low value of IF results in rejection of wanted sidebands.

Sensitivity: It is the ability to amplify weak signal.It is defined in terms of
voltage which must be applied at the receiver input termianals to provide
a std output power.

Selectivity:It may be defined as ability to reject unwanted signals.
Fidelity:It is the ability of the amplifier to reproduce all the modulating
frequencies equally .

Noise Figure: It is defined as the ratio of signal to noise power ratio
supplied to the input terminals of a receiver to the signal to noise power
ratio at the output

RS e
Mimr_}—ﬁ Limiter HDiscdmlnalu!
[ i;arr\s:illiear I I ;
AGC
Local De-emphasis
oscillater network
AF and power
amplifiers

» In the superheterodyne receiver, the incoming signal through the
antenna is filtered to reject the image frequency and then amplified
by the RF amplifier.

» RF amplifier can be tuned to sclect and amplify a particular carrier
frequency within the AM broadcast range.

» The amplified RF frequency is then mixed with the local oscillator
frequency.

» The combining of these two signals is done at the mixer which

Any -

x1.5

4x2
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produces sum and difference frequency signals of the

incoming carrier signal and local oscillator signal,

The sum frequency is rejected by the filter and the remaining
difference frequency signal which is a down converted frequency
signal is called as intermediate frequency (IF) carrier

The modulation of the IF carrier signal is same as that of the
original carrier signal . .

This amplified IF signal is applied to the discriminator to detect
the information signal component.

The RF component is filtered out and audio is supplied to the
audio stages for amplification..

A speaker is connected to the AF amplifier to play the audio
information signal.

Limiter circuit is used in FM receiver to remove the noise present
in the peaks of the received signal and to remove any amplitude
variation in the received signal; the output of the limiter has

constant amplitude.

Fig3

exp 4
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