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Introduc ngn to Commuunication

Thke terin t/r‘lmun"cation refers to sending, receiving and processing oi iniormaticn by

! et

! electronic mear:s. Comimunicztion is the process of passing or transmitting information from onc
—

point to a’]othm Communication is the process of establishing conne"tlon or Liak & %9

points for infoanaticn exchange or Communication is simply the basic process «°
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informatign.
Ttz eiectronic system used for conveying the information from the source o d2stinatorn

1s called the communication system.
Typical e<ampies oi communication sysiems are line telephony and lLine 'clecrazby. cudic
telephony _and radio telegraphy, radio broadcasting, mobile conupcnicsiion. oot
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commun ation, radar communication, television broadcasting etc.
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“l Plements of a communication system
W
| f‘_ The furdemental components of any communication system arz,
!i;' s source of informal:on or message signal
it @ Tr:smitter: The device which sends the signal
l ¢ (lznrel: The medium on which the signa! is carried.
o j a Fi:_.e]l'/fr The d=vice thaf receives the transinitted sign: 11 from tie chanm
: > Desnr.atzon Final block which receives the [11essage.
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Source

ical e. 1t could be
a voice, pictures. text, video, or something ¢lse. The commu dovice which converts physical
those messages to their_intended recipient. A M%l uinities The electrical
quantitics mnto clectiical quantities or electrical quantities intc pny 1€ CloC e
version of the messi

L itt .Cation
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Transmuiiter

The objective of the transmitter block is to collect the énc.ommg. messa'ge slgn:\‘l and1
modify 1t in a suitable fashion $fneeded), such that it can be transmiited via the chosen channge

ampld) ehn, Ql\f;\-}:a Jred Wi

to the receiving point.

A rransmitter performs a variety of critical functions. It modulates the signal with _Lhc
help of a carrier signal. It boosts the signal’s strength to allow for long-distance communication.
It is necessary to convert the signal. For example, if the signal is to be transmitted via clectrical
conducior: or lines, no con version is required; simply a?n_pliﬁcat@_is sufficient. Bowever, if the
signal is to Be sent through space, the transmitter will convert the ¢
e The fer
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| ectrical signals into radio
vuctionslily of the transmitter block is mainly decided by the type or natureof the
chianrel chwesen for communication.
—
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is the physical medium which connects the tramsmitter with that of the
pirysical medium inciudes copper wire, coaxial cable, fibr

~ = G S - ~on At v
and Tigs » X
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€ optic cabie, wave guide
| ives ~pace or atmosphere. The choice of a particular channel depends on the feasibility and
~ S TR . . .\
also the Cornose of the communication system.

recerver block receives the incoming modified version of the message signal from
Fecaver 1Hcd VErsiC
the chz rel o

wnd processes it to recreate the original (non-electrical) form of the message sivnal.
dere are o gicat variety of receivers in communication systems, depending on the processing

destunation. /4
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Destination

The destination 1s the final block in the communication system which receives the

—— . . . . .

message signal and processes it to comprehend the information present in it.
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Analog & Digital Signals

9. E <

The analog signals C i
WCrIC us
g Sign: uscd in many systems to produce signals to carry inform®tio
S on.

These signals ar 3] 5 i
s gnals are continuous in both values and time. The use of analog signals has deckined
" h als has dechne

with the arrival of digital sigi
1 of digit 2nals. In short, to understand analog signals — all signals that a
. . 7 2ls S re

natural or come naturally arc analog signals.

Unlike analog signals, digital signals are not continuous, but signals are discrete in val d
- aue an

time. Thesc signals are Tepresented by binary numbers and consist of different voltage values
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Comparison between Analog and Digital Signals .

Analog Signals
a5 - 7

Continuous signals
e

Represented by sine waves

'

Human voice, natural sound, analog

—

electronic devices are a few examples
1iC deVICes all [ EX

Continuous range of values

Records sound waves as they are
g Tetododoedi

. Only used in analog devices.

Digital Signals

Discrete signals

—

. Represented by square waves

Computers, optical drives, and other
e — '———“—- a—

electronic devices
| O N

Discontinuous values

' Converts into a binary waveform.

Suited for digital _electronics like

e

- computers, mobiles and more.
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_ Analog & Digital System

w

- a8%

¢ it signals from one place to
Analog System, both arc uscd to transmit sign ls
Digital as wcll as Analo N,

—

— i ‘ 1
anot 161 11K / 0.

[

i i itude to send data.
system uscs clectronic pulses with varying magnitud

b igi g y

Sr. Kev
No.

Signal Type

Wave Type

“echnology
—

Transmission
—

Flexibility
_/‘_

Digital System

Digital System uses discrete sigrils

as on/off representing binary format.
Offis 0, Onis 1.

—_—

Digital System uses Square waves,

Digital system firgt transform the :
analog waves to limited set of

numbers and thep record them gag
mbers Jecord them as

digital square waves.

Digital transmission is easy and can
;

be made noise proof with no losg at
\ e
all,

Digital system hardware can be

easwme(i as  per

requirements.
—-’/

the

_—

Analog System uses
continous  signals  with

varying magnitude.

Analog system uses sine
Sl RS

waves.

e &S,

Analog systems records the
B SUOIAS) thie

physical waveforms ag they
— % asin

- are originally generated.
— 7 o d

Analog systems are affected
badly

noise during

transmission,

Analog system's h
are not flexible,
\
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Bandwidth Digital transmissi 3 ¢ issi
; g : nission needs more  Analog tranmission requires
andwidth to carry same  less bandwidth.,

information.

Memory Digital data is stored in form of bits. Analog data is stored in
form of waveform signals.

Analog systems consume

Digital system needs low power as
/

Power
requirement compare to its analog counterpart. more power than digital
. systems.
Best suited Digital system good for | Analog syWor b4 .
! for computing and digital electronics. audio/video recordings.
P R P , i e =
10 Cost Digital system are costly. ) Analog systems arc cheap.
> —
Example Digital system are: Computer, CD, | Analog systems are: Analog
P : : : :
: electronics, _voice radio

DVD.
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T : ~ using AM frequency
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Modulation:
over a distance and for it to establish a
f e 0N

A message carrying a signal has to get transmitted

reliable ommunication, it needs to take the help of a high

| characteristics of the message signal. T The characterist1
s, Hence, it is a must to take care of the message

frequency signal which shoqld';ﬁbt

ics of the message signal

affect the original
1f chaféfid the message Wr

s:gnal. A high frequency signal can travel up to a longer distance, without

== /
exterw&l@nceg. We \Wmc/help of such a high frequency signal which is called a carrier

ly called Modulation.

getting affected by

signal to transmit our message signal. Such a process is simp
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& f changing the parameters of the cartier signal, in accordance
s ‘/3‘

Modulation is the process O

ous values of the modulating signal.

with the mstantane

Nél for Modulation
i

o Reduction in the height of antenna
tonm 7 r e —

o Avoids mixing of signals
/

o Increases the range of comimunication

o Multiplexing is possible
oSl e

s Improves quality of reception
Sl et

Reduction in the height of antenna
b e

For the iransmission of radio signals, the antenna height must be multiple of M4 where A is the
s 19

wavelengih .
————_"’
=c/f

where ¢ . 1s the velocity of light

£+ 1z the frequency of the signal to be transmitted

\' I ITRaY
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i . A
Jinimum antenna height = — = — = ——mm084 —— =
_ 8 4T 4f  Ax10x10° 7500 metersi.e.7.5 km

The antenna of this height is practically i J i
cnnz of this height is prdctmd_lly_ﬂ_n_p_o’si,nt.)le to install .

Now. let us consider
. let us consider a modulated signal at f= 1 MHz . The minimum antenna height is given by,

\
aepr—

3 x 10®
4% 10 x10°
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{inimum antennc height At e L T
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This antcnna can be casily installed practically . Thus, modulation reduces the height of the

antenna .
———

‘oids mixing of signals

If the basc?a_ng_sgl_lgg_sj;ﬂals arc transmitted without using the modulation by more than
then all the signals will be in the same frequency range i.e. 0 to 20 kHz .

one transmitter,
ML

Therefore. all the signals get mmcd_}gggﬁh/c_r and a recciver can not scparate them from cach

other . Hence, if each baseband sound signal is used to modulate a different carrier then they will

oc?c/Llpy different slots in the frequency dqmain (different channels). Thus, modulatiom »

mixing of signals .

Increase the Range of Communication
—N
n not travel

The frequency of baseband signals is low, and the low frequency signals ca
ated . The attenuation reduces

The

long distances when they are transmitted . They get heavily attenu

1, and they travel longer distances .

with increase in frequency of the transmitted signa
_ T8
transmitted . Therefore, i1t

modulation process increases the frequency of the signal to be

e

increases the range of communication.

Multiplexing is possibie
Multiplexing is a process in which two or more signals can be transmitted over the same

communication _channel simultaneously . This is possible only with modulaiton. The
am——eeeeeeee —

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 fr=quency

signals can be transmitted at the same time .

Improves Quality of Reception
With frequency modulation (FM) and digital communication techniques such as PCM,

the effect of noise is reduced to a great extent . This improves the quality of reception .
Bl hchumnt AR o
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General Terms Used
_Amplitude_modulation : Amplitude Modulation is defined as cl.1anging the amplitude of the
carricr signal with respect to the instantancous changc in message signal.
t\;\?‘ _Frequency modulation : Frequency Modulation is the changing frequency of the carrier signal

: \ : i
l./‘A"\ with respect to the instantancous change in message signal.

: arrier signal with
Phase modulation : Phase Modulation is defined as changing the phaSiOf the c g

¥respect to the instantancous change in message signal.

o : et Sl . ; ximum
Deviation ratig_:Deviation ratio is the worst case modulation index and is equal to the ma

peak frequency deviation divided by the maximum modulating signal frequency. Mathematically

the deviation ratio is DR= f(max)/fm(max). SN Poa.k ‘FMW ik )
.- ( nA X ruod ‘/% 'f—’xﬂ.w
Carson’s rulc: Carson's rule states that the bandwidth required to transmit an angle modulated

wavz is twice the sum o\f/th( peak frequency deviation and the > highest modulating_signal
frequency icy. Mathe mat;cally Carson's rule is B=2( f+fm +fim) Hz

Moduiatin index : It is defined as the ratio of amplitude of the message s1gna1 to the amplitude

of the carrier signal. m=Em/Ec.
—— _—

Percentage mo_du!giign : It is the percentage change in the amplitude of the output wave when the
carrier is acted on by a modulating signal. M=(Em/Ec)*100

—

Amplitude Modulation

. : T
Amplitude Modulation Amplitude—Medutationr is the changing & amplitude of the

e
carrier signal with respect to the instantaneous change in message signal. The amplitude
WK i L

modulated wave form, its envelope and its frequency spectrum and bdndWIdth

P -—

Figure below shows the waveforms of AM waveform,
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A

Amplitute Modulated Signal J

The first figure shows the modulating wave, which is the message signal. The next one is

——

the carrier wave, which is a high frequency signal and contains no information. The last one is
c_———_) ===

the resultant modulated wave. It can be observed that the positive and negative pecks of the
carrier wave are interconnected with an imaginary line. This line helps recreating the cxnict shaps

of the modulating signal. This imaginary line on the carrier wave is called as Envelope. 1t is the
same as that of the message signal.
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Goonk antong volue of AM wave I»
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odulation Index of A

A carrier wave, after being modulated, if the modulated level is calculated, then such an

attempt is called Modulation Index or Modulation Depth. It states the level of moduiation that
carrier wave undergoes.
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A
i denoted in percentage called as | .
The modulation index or modulation depth is often denotc = S v
Percentage of Modulation. We will get the percentage of modulation, just by multiplying the ‘ b
i / lation index N
modulation index valuc with 100. For a perfect modulation, the value of modula - \
should be 1. which implies the percentage of modulation should be 100%. For instance, if this :
value is less than 1. i.c.. the modulation index is 0.5, then the modulated output would look like
. \
the following figure. 1t is called Under-modulation. Such a wave is called an under-modulated |
——
wave.
il Il (!
FLL T I il
A 5*‘?2”*“‘ W\{L’wi il uigﬁ‘sgﬂ‘ AL :
La"e d e ¥ [ “s‘.:!A’ i } g | "xy BL il \
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B b ! A

1f the value of the modulation.

————

index is greater than 1, i.e., 1.5 or so, then the wave will be an

over-modulated wave.,

As the value of tlie modulation index increases, the carrier experiences a 1800 phase reversal,
which causes additional sidebands and hence, the wave gets distorted. Such an over modulated

wave causes interference, which cannot be eliminated.
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lation of modulation index from AM waveform
~ Calculd
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Frequency spectrum

Although the modulated waveform contains two frequencies. the modnlatmn PEOCESS
_Irequencic

s o

genergtes new frequencics that are ihe sum and dxffcrmccs of these frcqumuw
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‘Power relation in Modulated wave
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“’Mm“';ﬂ v is defined by the canation.
ol i S = :
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The ¢om *Coatier provides a Mmethod of monitoring modulztion index by inesuwring the
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;uency Discrimination Method
In the above ¢ i : i
- ¢ -o e equation, the amplitude term resembles the envelope of the AM wave and
i l ale term rescmblces the angle of the FM wave. Here, our rcquirement is the modulatin
signal m(1). Hence, we can recover it from the envelope of the AM wave. :
The following figurc shows the block diagram of FM demodulator using frequency

discrimination method.
Demodulated
REE NS . . Envelope output
————p| Differentiator —— Detector -

-~

agram consists of the differentiator and the envelope detector. Difterentiator
M wave. This means, it

ve into a combination of AM wave and F
o the corresponding voltage (amplitude)

¢ detector. Tt produces the

This block di
is used to convert the M wa
ncy variations of FM wave Int
know the operation of the envelop

converts the freque
othing but the modulating signal.

variations of AM wave. We

demodulated output of AM wave, which 1s

1]
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Scheme for generating AT wave by usimg piiisse maodul

MNModulatinge Phiuse 1
) e e T | NS

i < b vy o o i ov——— P 4

VHVE ety ltegrator o baton

-
A cos(imf )
Scheme 1or generating M wave by using frequency modulator
Modulanne [
25tk ; reLUEne
WOVE e DN ITErOntintOr  ——on ~ ! Y, >~ PM wave,,
/ modulator -
1\.:'—'\-\'(.277[.,‘.1 3
Bandwideh of an T M Signal
is often used as an cstumate of Ve TM s

The toilowing formula. known as Carson’s ruic.

bandwiiitli:
; B i B(Af "Ffm)
where AT 1s theé peak 1:.quency deviation and f, is the maximum baschand mes:ige trequency
compuancni.
FM Dcinodutation
Tre foliawing two methods demodulate FM waves,

e Frequency discrimination method
¢ Phase discrimination method

Trequonty dfsoimination.  Method

The eowqbcm of Fn wave 4,
s@) = Acwos (258cd 4 27k [ m® oll:)
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Bandwidth of AM wave

Bandwidth is 1t range of frequencies over which modulation takes placz.]t 15

-

“The ditference between highest and lowest frequencics.

= ’FUQB R -y

= (he ) = (Femd) = /280
oA - ad]

Thus the Fandwidth ¢f AM signal is twice the maximum frequency of medulating signa

Types of AM
1. DSBFC : Double Side Band Full Carrier
2. DSBSC : Double Side Band Suppressed Carrier
3. SSBFC : Single Side Band Full Carrier ‘
4. SSBSC: Singic Side Band Suppressed Carrier
5. SSBRC : Singie Side Band Reducea Carrier
6. ISB : indepzndent Side Band
7. VSB: Vestigial Side Band (Used in TV Broadcasting)

sbtaned




Double Side Band Suppressed Carrier (DSBSC \

In the process of £ itude ati . 1 1

process of Amplitude Modulation, the modulated wave consists of the carrier wave
and two sidebands. The Jn/odulated wave has the information only in the sidebands. Sideband is 1
L ———————— e - - "

nothing but a band of trequenc_ies, containing power, which are the lower and higher frequencies 1
of the carrier frequency. : |

-_::-E-'_"

The transmission of a signal, which contains a carrier along with two sidebands can be

E — ! ———— — — —_—
termed as Double Sideband Full Carrier system or simply DSBEC. It is plotted as shown in the
) . r 2
followirg figure.
/ Position
of carrier
Lower Upper
sideband sideband
\ \ |
|
- !
fe— fin fe e+ fm 1

Hlowever, such a transmission is inefficient. Because, two-thirds of the power is being ;’l.

wasted 1 the cerrier, which cagries no information. '.
d 1n the carr i

[ this carrier is suppressed and the saved power is distributed to the two sidebands, then

such a procass is called as Double Sideband Suppressed Carrier sy

stem or simply DSBSC. It is

plotied as shown in the following figure.




/ Position o

; of carrier
£
Lower Upper
sideband sideband
fo— fin i fe + fim

Carrier is suppressed and sidebands
are allowed for transmission
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Mathematical Expressions A |
o
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Mownemakically  we can repAzSevy K eguation of DBeC wave
as B  preduck  of Mon\o\’ﬁwg ond caaﬂfen: i\cr'avm\%.
@) = em®)el) —— (33)
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Bandwidth of DSBSC Wave
The formula for bandwidth (BW)is = £, — Kot

Consider the cquation of DSBSC modulated wave.

oK) = EnmEe s (arfmk) tos (anf x)
= EoiE Frobe oy (aw (Ferf)) + EmEe cos ( ax (Fe-§m)) —

)
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The DSBSC modulated wave has only two frequencics. So, the maximum a}d Y e
frequencies are -Fc .1..('m .. L __.(’m qggthkfve\,j_ '{’Q, 'rqu = —Pc_'\’ o)

P-]
Wd Lontn = fo-fo, sUDKTEUE Foy & fogw volues Tn A
B.W = G:c +'Fm-> - C’Fc —-fm-)

\
BW = 24 |

e e S

P

Thus, the bandwidth of DSBSC wave is same as that of AM wave and it is equal to twice the
frequency of the modulating signal.

DSBSC Waveforms

Message
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Advantages of DSB-SC modulation 5

I. It provides 100% modulation efficiency.
2. Due to suppression of the carrier, it consumes less power.
3. Tt provides a larger bandwidth.

Disadvantages of DSB-SC modulation

I. Itinvolves a complex detection process.
2. Using this technique it is sometimes difficult to recover the signal at the receiver.
3. Itis an expensive technique when it comes to demodulation of the signal.

Applications of DSB-SC modulation

I." During the transmission of binary data, DSB-SC system is used in phase shift

keying methods.
2. In order to transmit 2 channel stereo signals, DSB signals are used in Television

and FM broadcasting.

DSBE-SC technique allows us to have a transmission that reduces overall power consumption

rate, thercby ensuring a stronger signal at the output.

SSBSC : Single Side Band Suppressed Carrier i
) ) e Hr
The DSBSC modulated signal has two sidcbands. Since the two sidebands carry the same ./.‘

information. there is no nced to transmit both sidebands. So it is possible to eliminate one

sideband
ands along with the carrier and transmutting a i

Thie process of suppressing one of the sideb -
simply SSBSC. It is

single sideband is called a Single Sideband Suppressed Carrier system or

nlotted as shown in the following figure. ;




Position
of carrier

Lower Upper
sideband sidaband
fe—Im fe fe+/fm

Carrier and a sideband are suppressed and a
single sideband is allowed for transmission

'Here the carrier and the lower sideband are suppressed. Hence, the upper sideband is used
for transmission. Similarly, we can suppress the carrier and the upper sideband while
transmitting the lower sideband. This SSBSC system, which transmits a single sideband has high

power, as the power allotted for both the carrier and the other sideband is utilized in transmitting

this Single Sideband.

Mathematical Expressions
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d®) - ke (F) tos Wk
bt k = Mu\kfple. tonekank

emt) = moduldﬁbn% sﬁana) £, tos Wk
o e@) = KE,, tos Wmk tos Wk

= KEm [u)scu!lt— Wy, )£ + Cos (wWe + U@m)"c]
2

‘o) = - Brw ['coscwc—uﬁm)& +ws(uszc+wm)’c] W, By

The uvpper side '{‘rmc‘(wzwud CUSF) s/a e %fwv\ bHJ
Cusg = FEm oo C“ﬁc_ﬂ*“ﬂm) X

The lbwen aTde rfrmq/uanud (La¥) S B gven by
Cler ¢ En o8 ((we -uw, )k

dﬁ\@v: o Ao Stde band 'Pneq(vmnti"es can be gemoved bbt
kcux,Ln.g.



~o o d -b MU\JG ":h Rl
Demodulation of « 2B sfg 2 achieve 9 ple o

fx ufith a [ncc:“‘d %Qm_;\aked gcd\nchdo\movt/) carymer flagnaﬂ
\

¥ v Il Adutk oleteenay
D ekeckons ug’f"vn,g Al POGV\UP\O- ane col LO‘ )Pn’o

-

avd  balantd medulotid FawdG ane wed e taw

Pu%?o%"--

Frequencv Spectrum of SSBSC

The transmission bandwidth of standard AM as well as DSB-SC modulated wave is 2W
Hz i.e.. twice the message bandwidth W. Therefore, both these systems are bandw
systems . In both these systems, on

- one half of the transmission bandwidth is occupi
sideband (USB) and the other half j

below.

idth inefficient

X ()
r
AN (a) Spectrum of message cignat
; / \
- . W 2 W —* Frequency
L]
Y E,
/‘--\ (b) Spectrum of DSB-SC wave
. — \ i . |
{.-W .. e [ L_‘w '.‘ l“f\v Frequenc\

: OnlyUsB
: AEm
/’1| ’\ ¥ () Spectrum of DSB-5C with only

USB transmtters

- >
0 ‘ 3 few requency

' (d) Spectrum of DSB-SCwithonly LSE
Y2 Epy X b transmittars
1, Y P =

0 f-w f T % Frequency

flowever, the information contained

in the USB is exactly
LSB . So, by transmitting both the sideb

identical to that carried by the
ands we are transmitting

the same information twice .



ficnce, we can transmit only one sideband (USB or LSB ) without any loss of information . So, it
is possible to suppress the carrier and one sideband completely . When only one sideband is
transmitted, the modulation is called as single sideband modulation . [t is also known as SSB
or SSB-SC modulation .

Frequency Domain Description

. e

Fig. (a) represents the spectrum X(f) of the message signal x(t) .

This spectrum is limited to the band :

—W=F=W

The spectrum of DSB-SC wave which is obtained by taking the product of x(t) and c(t) is shown
in fig.(b) . It contains the USB as well as LSB.

When only USB is transmitted by the SSB system, then the corresponding spectrum is as shown
in fig. (¢) . And when only LSB is transmitted, the frequency spectrum is as shown in fig. 1 (d) .

Thus, the essential function of SSB modulation is to translate the spectrum of the message signal
to a new location in the frequency domain .

Bandwidth of SSBSC Wave

The DSBSC modulated wave contains two sidebands and its bandwidth is Qer Since the
SSBSC modulated wave contains only one sideband, its bandwidth is half of the bandwidth of

DSBSC modulated wave.

Therefore, the bandwidth of SSBSC modulated wave is Lon and it is cqual to the
frequency of the modulating signal.

Generation of SSBSC

It is possible to generate SSBSC wave using the following three methods.

I. Frequency discrimination method(Filter Method)
2. Phase discrimination method
3. Third Mcthod (Weaver’s Method)
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The following figure shows the block diagram of SSBSC modulator using frequency
discrimination method.
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In this method, first we will generate DSBSC wave with the help of the product

modulator. Then, apply this DSBSC wave as an input of band pass filter. This band pass filter
produces an output, which is SSBSC wave.

Select the frequency range of the band pass filter as the spectrum of the desired SSBSC
wave. This means the band pass filter can be tuned to either upper sideband or lower sideband
{requencies 1o get the respective SSBSC wave having upper sideband or lower sideband.

Phase Ddiscrimination Method

The following figure shows the block diagram of SSBSC modulator using phase

discrimination method. UDF-OOL\AL‘:‘/ Bo\‘qvl U—d]
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This block diagram consists of two product modulators, two =0 + phasc shilters, one

Jocal oscillator and one summer block. The product modulator produces an output, which is the
. N . ) L) . .
product of two inputs. The —90" phase shifier produces an output, which has a phase lag of LI

with respect to the input.

The locai oscillator is used to generate the carrier signal. Summer block produces an output.
which is either the sum of two inputs or the difference of two inputs based on the polarity of
inputs. _ |

Ao oz (2ASE)
The modulating signal Aytes (J?N?M’a and the carrier signal arc dircctly applicd as inputs
to the upper product modulator. So, the upper product modulator produces an output. which 1s

the product of these two 1apuis.

The output of upper product modulator is
Amde [cos (27 (S Mt

S = Am Ac ws( 27f, X)) tos (27AfK) = _
) - Z s (28-S N

The modulating signal and the carrier signal are phase shifted by before applying as inputs to the
lower product modulator. So, the lower product modulator produces an output, which is the

product of these two inputs.

\ '\\ The output of lower product modulator is
i } 53_,(&7 = AmAe o C_& ﬂ'{m’h'—'qo‘o) £os Ccaﬂ"rc'b "‘qo‘)
y - AmAc v C&ﬁffmr\:}e,ﬁ"n C&ﬁ'Fc’\-)

|

|
',41‘211_ EJOS (27 (e ~Fom)t — eos (aw C—Fc-\-.Fm)f\:]
Add &) & 2,(6) Greadn & gk Ao SSBSC wdwlotid wove s hotng

o. lower gfde bawd.
5(1‘. = Am A
) s fcos[avr(&-wfm))c]-» tos [ 22 C—f‘c,——!‘m)kjkﬂ- Am Ac glLos [275(&-4’ Y
2. b

o5 (a7 (5 4.04]]

. = AmAc tos [(am (4, - £oadx ]
votaack 8,K) faom s,k £
_ \ W) Anesdon Lo ek dne. B35 odul
. "\0'\17"‘% & ubpen efde band. 0 i SQC)

5053 - Avn Ac
e {Loa[—:mr (e +4.) £] + s C:zw (fe ~4aDk ] }_

A Ac
2 {“’s fﬂﬂ (Fe~fon )t ] 2 cos[:m C—Fc—»-fm)xj 5 :

® = A Ac SHEL cchmq

Mo by
Propely g
B Al g ss\ésc_ 7Y T poladite: @) Ths ok summen blooy
wWaolvg. WJNT’V% r wi Ock |
_ Uppen gide bbavid or a lowen gfele
bany




v -
AR | Disad.

+5 Dedian e ¢ ' S
> Smal Rl ane navﬁﬂgd. e 8 COD k""\ a
Able. %o & 2s8 ak anyd > Pagquinss complex Af TS
(2
) ‘%o.vu.r\o & any W‘;ﬁ s\/ﬁ'dak-w\w- e
412 Suka\fuvx% dpom o SB b anothun W o/p ody PpM wvuwank e ¢n
. possibl . e Z\\" NG \lo &) % s
== e . : 62 cawvuliaion T
> low Audio %mq\m\'\uu oarr uwned dpg modhn, ('\’M?OM?EU TN ¥
Third Mcthod -~ Ne.cn'\lzd\s Mt‘“"«od [
-
gt 55T 0 [lowpan] €[ B 1T IS ,
o Y| filter M2 42 |
i 2 cas wet 2 cos Wl i
r—d N
90° phese a0° phase
shifter " shifter
» AF RF’
g0 w,! e carrier carrier D
A:o.—-——«r gengrator  generator Adder |o~——3=0
e 2 sin we! l L Zsinwct S58
; | put | “J
\ | Conninf | Cannden L it
tankse |1 Gunl-2 K
f:::::f:{ A M E |Lowpass{ F BM ‘ | B:(l’lr::ed :
P M3 . filter M4 yﬂ,/“‘gxmf ;
Ouperation:

e The third method of generating SSB was developed by Weaver.

e From ihe block diagram, we €€ that the latter part of this circuit is identical to that of the
phase-shift method, but the way in which appropriate voltages are fed to the last two
balanced modulators at points C and F has been changed.

o Insicad of trying 1o phasc-shift the whole range of audio frequencies, this method
combines them with an AF carrier fo, which is a fixed frequency in the middle of the “
audio band, 1650 Hz. L

e A phase shitt is then applied to this frequency only, and after the resulting voltages have i

been applied to the first pair of balanced modulators, the low-pass filters whose cut-off
frequency is fo ensure that the input to the Jast pair of balanced modulators results in the
proper eventual sideband suppression.

o It may be shown that all lower sideband signals will be canceled for the configuration of

the given Figure, regardless of whether audio frequencies are above or below fo.



o If a lower sideband signal is required, the phase of the carrier voltage applicd to M1 may

be changed by 180°,

Advantages:

@, It has the advantages of the phase-shift method, such as its ability to generate $SB at anvy

frequency.

® [t uses low audio frequencies, without the associ

ated disadvantage of an AT phase-shifi

network required to operate over a large range ol audio frequencics.

Disadvantages:

e The third method is in direct competition with the filter method, but is very complex.

e Itis expensive and so cannot be used commercially.
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Advantzees '

© Bandwidth or spectrum space occupied is lesser than AM and DSBSC waves.

¢ Transmission of more signals is allowed.
s  Power is saved. | |
e High power signals can be transmitted.

® 1.essnoise is present.

¢ Signal fading is less likely to occur.

Disadvantaves

© The generation and detection of SSBSC wave is a complex process.

¢ The quality of the signal gets affected unless the SSB transmitter and receiver .
Apnlications

have an excellent frequency stability, ' ’
s For power saving requirements and low bandwidth requirements. i
1

e [nland, air, and maritime mobilec communications.

® [n point-to-point communications,

e [nradio communications.
¢ in television, telemetry, and radar communications.

¢ In military communications, such as amateur radio, etc.
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Angle Modulation

The other type of modulation in continuous-wave modulation is the Angle Modulation.
Angle Modulation is the process in which the frequency or the phase of the carrier varies
according to the message signal. This is further divided into frequency and phase modulation.

Frequency Modulation is the process of varying the frequency of the carrier signal
lincarly with the message signal.

Phase Modulation is the process of varying the phase of the carrier signal linearly with
the message signal.

Frequency Modulation

In amplitude modulation, the amplitude of the carrier varies. But in Frequency
Modulation (FM), the frequency of the carrier signal varies in accordance with the instantancous
amplitude of the modulating signal.

The amplitude and the phase of the carrier signal remains constant whercas the frequeney
of the carrier changes. This can be better understood by observing the following figures.

i [ N 2 hs L

i) f\- /\"\\ /\\ /A\.AF‘\ i/\\-,-[\\ ’\[\ :
VYV

(i) Modulating signal
(ii) Carrier wavetform
(iii) Frequency modulated signal

The frequency o1 the modulated wave temamns constant as the carvier wave frequency
when the message signal is at zero. The frequency incereases when the message <ignal reaches its
maximum amplitude. Which means, with the increase in amplitude of the modulating or message
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sienal. the carrier frequency increascs. Likewisce, with the dcerease in the amplitude of the

modulating signal, the frequency aiso decreases.

Mathematical Representation

Let the carricr frequency be ’Fc_-

fo+ 4%

The frequency at maximum amplitude of the message signal =
The frequency at minimuim amplitude of the message signal = fo - AF
The difference between FM modulated frequency and normal frequency is termed as Frequency

Deviation and is denoted by Af.

he deviation of the frequency of the carrier signal from high to low or low to high can be

-
LLC

termed as the Carrier Swing.

Carrier Swing = 2 x frequency deviation

Y
b
Hv!\

=2 x Af
Equaticn {or FM WAVE
The equation for FM wave is ¥ : "
The e Gnskawkoneous '?M%\M’,vw..& o’F Modu\a\féd wave Ts
‘FTQ‘.) = 'Fc,'i'l k-F' CMQC) }&’l‘n\:el\\er\AO:b u_n.as; LLQ-;-—- wWe + k.F"x('L)
whent, endX) = ML‘JSO%E./modu\O\WV\.% S\c’ana.)
T, dX) = Emtostdn ;£ - —Fuq/uenud of wamodulated casaien
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FM cuir be diviced into Narrowband FM and Wideband FM.

Narrowband FM
|

e ——

The features of Narrowband FM are as follows —

¢ This Trequency modulation has a small bandwidth.

& | ne moduolation incdex is small.
- ~ - ~ “y al '
s [ts specirum consists of carrier, USB, and LSB. ;
¢ This is used in muobile communications such as police wireless, ambulances,
b

taxicabs, ete,

Modulo¥ion lndex of ¥

B =y = :Fd:_cv\u.\f\ud devialton _ Af ,-4‘0,_, M mod. Tod s
Modm\df\ﬁ'ng '?ﬂzquznud 'FM >4 .
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e The modulation index is large. i.c., higher than 1.

\\

wideband M

ihe featurces ol Wideband FM are as follows —

\.
AN
A

This frequency modulation has infinite bandwidth.

Its spectrum consists of a carrier and infinitc number of sidebands, which are
located around it. '

e This is used in entertainment broadcasting applications such as FM radio, TV, etc.

Generation of NBFM
— i
Integrator be——t- Product | ___plank, ——> «

2 Modulator f

4-
.
A sin(2f )
m(t) -50° Phase |
Shifter E
—~ T SLnuedaal mndu‘o\ﬁ"vua “wove Le A, cos(2rf )
m@) = Am toe ( @rfmk) D
sPng Fvito Awo j ONL y‘aox\?mn s —A0 P

=  Canhen wave A,_co5C9_7r,(‘t_L) s

s\rﬁjakgc\ and e P)ﬂ\’_':;)n_ dnece Yo &he; odder.
,;; "[\u_ C?ntm%aa\ce_d Modu\d’f waove & A0 P\f\ﬂ%?_. e\(dke
tgiw,n)co Ang  paodutd modulatz ?ﬂ»oc\uu"ma peBSC Lignal,

| o T¢ doux’énud mu\‘o?‘:u"ed wiithh 2xKe
,,) The idferente bekuseest pa ®3C T2 kakan © fPﬁDdMU-
i) WerM digral.
Generzation of WBEM

The following two methods generate WIBEM waves.

e Direct methad
e Indirect method

4 cannien wave A

conden oand dlrs

& e
Ty R i .

S S e s O -
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\ e
Direct Method l |
HIE
o)
2 - . ’ )
T}lls method is called the Direct Method because we are generating a wide band FM wave l
directly. In this method, Voltage Controlled Oscillator (VCO) is used to generate WBFM. VCO il ;
p.rO(_iuces an output signal, whose frequency is proportional to the input signal voltage. This is '
similar to the definition of FM wave. The block diagram of the generation of WBFM wave is
shown in the following figure. ‘
|
Modulatin Voltage
a5 Signa'ilg P Controlled o> \xgsl:
Oscillator
Here, the modulating signal m(t) is épplied as an input of Voltage Controlled Oscillator (VCO).
VCO produces an output, which 1s nothing but the WBFM.
fiam (t)' : ;
. -
.‘ \\\\\\
! b
= f = fot kpm (t) i
Where, [, is the instantaneous frequency of WBFM waves.
Indirect Method
and FM

d because we are generating a wide b
ves and then with the help of

am of generation of WBFM

This method is called the Indirect Metho

wave indirectly. This means, first we will generzite NBFM wa
frequency multipliers we will get WBFM waves. The block diagr
waves is shown in the following figure.

Modulating NBFM Vx:sg
Sigr.al NBFM wave Frequency

b P N f—
Modulator Multiplier

|

A, cos(2mf )

Tﬁh vlock diagram contains mainly two stages. In the first stflgc, the NBFM WE}Y’C; w11:hb§
rated usins‘; the NBFM modulator. The modulation index of the NBFM wave 1.sF ::s a
B ) ion i wave,
5 Hence. in order o get the required modulation index (gre n one) of the

one. :

choose the frequency multiplier value properly.

ater tha

I
'
L
]
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multiplicr is a non-lincar device, which produces an output signal whosc frequency is

signal frequency. Where, ‘n”is the multiplication factor.

ation index P is less than 1 is applicd as the input of frequency
an output signal, whose modulation index is
iency of WBFM wave. Sometimes, we may
ncrease the frequency

/ requency
- times the inpui

jt an NBFM wave whosc modul
multiplier, then the frequency multiplier produces
‘n’ times P and the frequency also ‘n’ times the freqt

require multiple stages of frequency multiplier and mixers in order to i

deviation and modulation index of FM waves.

Another Block diagram

Block diagram of the indirect method of generating

a wide-band FM-signal

: . Narrow-band Fre f:ncy)i e
Information ™ [ FM signal
—o Integrator »| Phase e
signal 'n Motdulator multiplier
| . o
4
Crystal
Coatrolled
Oscillator

FM Transmitter

FM transmitter is the whole unit, which takes the audio signal
nna as n output to be transmitted. The block diagr

as an input and delivers
FM wave io the ante am of FM transmitter is

shown in the following figure.
A

» & -
Icl.udio =" ] 1§ -
Signal . Fre ol HEF o A
| ampiifier | F ¥ > ‘ S Antenna
Sans o b = Power |
Fi Fraoquency — | ;
L Modulator [ Multipter Ampliier |
Rr- === %
Gisciliator SR elm—

e —

The working of FM transmitters can be explained as follows.
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® The audio signal from the output of the microphone is sent to the pre-amplifier, .
which boosts the level of the modulating signal. ¥ ”1 . .‘
e This signal is then passed to high pass filter, which acts as a pre-emphasis network j “"_
to filter out the noisc and improve the signal to noise ratio. !
This signal is further passed to the FM modulator circuit, '
The oscillator circuit gencrates a high frequency carrier, which is sent to the e
modulator along with the modulating signal. |
© Several stages of frequency multiplier are used to increase the operating |
frequency. Even then, the power of the signal is not enough to transmit. Hence, a
RF power amplifier is used at the end to increase the power of the modulated
signal. This FM modulated output is finally passed to the antenna to be
transmiited.
EFNM Receiver
. yd
J! , \\‘
I AP - f5-fo m ¥ g = o M)
A | KF B e Fhc R 2t Limter i
T amplifier e B amplifier
- 5L
: -~ A
: Ganged fo
waing
i Local ” AFC
T oscillator
Block diagram of 2 FM

super heterodyne receiver.

'l‘} . |,‘ P f - N 1 = = ‘]‘ .l l = = 7 'l‘ B N P ".
< y R
= r

The RF amplifier increases the signal strength before

the signal is fed to mixer | a;
{
RE amplifier is designed to hanc i

S ile large bandwidth of : i

when turned to the desired frequency. The

150 kHz. |




. e inc ine 3| : - SUGO ;
(acr: th nlon;mc RF signal of frequency {m is applicd to a mixer which also reccives thd
T g l 1€ se1ll: d Y 1 il 1 1 s = .
t fron ocal oscillator. A new frequency calied intermediate frequency IF is produced

‘,lripll
« hose value is the difference of local oscillator signal Fand signal frequency f.

I’ . .
Local oscillator; the receiver converts meoming carvier frcquency to the IF by using local
ator frequency higher than incoming tuned frequency. Colpitts oscillator is usced as the local

oscill
oscillator.
IF_amplifier :

strength of IF signal. It has a multistage cl
itude variation in FM signals caused by noise. Differentia’

by one or more number of amplificrs, which raiscs the

{E signal is amplified
ass A amplifier providing better selectivity and gain.

Limiter : It removes all the ampl
amplifiers are preferred for limiters.
r - It recovers the modulating signal fromi the TF signal. It converts frequency

Discriminato
ariation and produces the modulating signal.

variation into corresponding voltage v
De-emphasis_network : It reduces the relative amplitude of high frequency signals that are
ngs them back to their originat level.

boosted in the transmitter and bri

the modulating signal recovered by the FM detector. The speaker

AF amplifier : It amplifies

converts the electrical signal into sound signal.

Phase Modulation

[n frequency modul
(PM), the phasc of the carrier signal

ation, the frequency of the carrier varies. But in Phase Modulation
H w
plitude of the

caries in accordance with the instantancous an

modulating signal.
The amplitude and the frequency of the carrier signal remains constant whereas the phase
of the carrier changes. This can be better understood by observing the folicwing hgures.
Te

n PV A Grskavkaneows value of A phase awngle
equal to the  phase awa\a of e unmodulaked camnfed
(Wek +0) plus ol vasyfng  tomponan¥ whidh fe apaoFoﬁ"om)

ko w\odu\d)dcl’n% Sfﬁna\ 1),
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Fhe message signal is piven by mit The carrier signal is given by ¢(1), And the phase moduluted

gt i given by s(v)

do e o the modulated wave hag gotfinite points vhure the phase shift in a wave /'_“
an ke piace, The instantaneous amplitude of (he modulating sigmal changes the phase of the
arven When the anpbitude is positive, the pliase ehanges in one direction and il'the amplitude iy
epatre e phase clesiges in the opposite direetion,

Vodora kical T prrear nXafion
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