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COURSE EDUCATIONAL OBIJECTIVES:

This course provides the knowledge on various analog modulati
techniques in both time and frequency domains.

The course will give an idea about generation and demodulation methc
of various analog modulation techniques.

It also gives the complete information regarding the transmitter a

receiver types and performance evaluation of continuous wa
modulation schemes.
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COURSE OUTCOMES:

The student will be able to

* (CO1: Understand the fundamental concepts of various analog modulation scher
with relevant time and frequency domain representations.(Understand — L2)

e (CO2 Interpret the generation, detection of continuous wave and pulse ana
modulation techniques. (Understand — L2)

e (CO3 Apply the concepts of analog modulation and demodulation techniques
calculating communication system related parameters.(Apply — L3)

e (CO4 Analyze the performance of continuous wave modulation schemes in
presence of channel noise.(Analyze — L4)
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SKILLS:

ldentify the need for modulation and choice of modulation
Choose the choice of frequency bands of AM/FM/T.V/Mobile
Able to analyze the frequency spectrum of various signals
Ability to determine the quality of demodulated signal
Select the detector for required modulation

Identify inherent or interference noise and clasify
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UNIT 1

NIT-I: Introduction to Communication System: FElements of Communication System, Need
odulation, Classification of Modulation.

nplitude Modulation: Time and Frequency Domain Representation of AM, Power relations in AM w
neration of AM waves: Square law Modulator, Switching Modulator, and Demodulation of AM w
uare law demodulator, Envelope detector.

yuble Side band Suppressed Carrier Modulation: Time and Frequency domain representation, Genere
DSBSC: Balanced modulator & Ring Modulator, Coherent Detection of DSBSC wave, Costas Loop.



Signal

snal: Signal is a physical quantity, which contains some information and which is a function of on
ore variables.

1alog signal: It is defined as the signal having continuous values. They have infinite number of diffe
lues. Amplitude of Signal continuously varies with time.



INTRODUCTION

Communication is the transfer of information from one place to

another.
This should be done
- as efficiently as possible
- with as much fidelity/reliability as possible
- as securely as possible
Free space (radio),
wire, fiber-optic cable, etc.
Information
. ”Flr Transmitter Communications Receiver
mte- IHENeS (TX) channel or medium (RX)
(audio, video,
computer data, etc.) /
Recovered
x information and
4/ intelligence
MOIse



COMMUNICATION TIME LINE
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COMMUNICATION

0 be transmitted, must be transformed to electromagnetic sig




ELECTROMAGNETIC SPECTRUM
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ELECTROMAGNETIC SPECTRUM
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ypes of Electromagnetic Radiation

wavelength

used to

yroadcast
radio and
television

radio

microwaves

used in
cooking, radar,
telephone and
other signals

2013 Encyclopaedia Britannica, Inc.

infrared

transmits
heat from
sun, fires,
radiators

visible light

)

makes things
able to be
seen

ultraviolet

absorbed by
the skin,
used in
fluorescent
tubes

used to view
inside of

bodies and
objects

used in
medicine for
killing cancer
cells




BASIC ANALOG COMMUNICATIONS SYSTEM

Baseband signal
(electrical signal)

B T
ét— Carrier

Baseband signal
(electrical signal)

E Transmitter
nformation ‘ Input MR R Channel
Source » transducer Modulator

EM waves (modulated signal)

Receiver

/\/\/\/\ EM waves (modul

Output . '
transducer Demodulator




BASIC ANALOG COMMUNICATIONS SYSTEM

signed to send the information from a source that generates the message |
stination

ormation Source:
-voice(speech source)
-picture(image source)
-plain text in some particular language, such as English, Japanese,
German, French, etc

ut Transducer:
-converts the output of a source into an electrical signal that is suitable
for transmission

Ex: microphone converts an acoustic speech signal into an electrical signal



BASIC ANALOG COMMUNICATIONS SYSTEM

ransmitter: converts the electrical sighal into a form that is suitable for
transmission over a channel

in general, the transmitter performs the matching of the messa
signal to the channel by the process called modulation,
ex: AM,FM

hannel: Physical medium used to send the signal from the transmitter to t
receiver



BASIC ANALOG COMMUNICATIONS SYSTEM

channel

* twisted-pair

* coaxial cable

 optical fiber



BASIC ANALOG COMMUNICATIONS SYSTEM

ireless channel

* electromagnetic energy 1s coupled to the
propagation medium by an antenna which serves as
the radiator

— underwater acoustic channels

* electromagnetic waves do not propagate over lon
distances under water except at extremely low
frequencies

* acoustic signals propagate over distances of tens
even hundreds of km



BASIC ANALOG COMMUNICATIONS SYSTEM

ecejver:

ecover the message signal contained in the received signal.
the message signal is transmitted by the carrier modulation, the receiver
erforms carrier demodulation to extract the message signal

)Jutput transducer:

onverts the electrical signals that are received into a form that is suitable f

e use.
Ex: acoustic signals, images,etc



CLASSIFICATION OF MODULATION

Types of Modulations

v

Continuous-wave Modulation

v v
Amplitude Angle
Modulation Modulation
¥
4 ¥
Frequency | |Phase
Modulation| |Modulation

¥
Pulse Modulation
+
v "’
Analog Digital
Modulation Modulation
| v
Pulse code
Modulation
v
PAM| [PWM| |PPM 3
Delta

Modulation|




TYPES OF ANALOG MODULATION

= Amplitude Modulation (AM)
Amplitude modulation is the process of varying the amplitude of a cari
wave in proportion to the amplitude of a baseband signal. The frequen
of the carrier remains constant

s Frequency Modulation (FM)
Frequency modulation is the process of varying the frequency of a carr
wave in proportion to the amplitude of a baseband signal. The amplitu
of the carrier remains constant

s Phase Modulation (PM)
Phase modulation is the process of varying the phase of a carrier wave
proportion to the amplitude of a baseband signal. The amplitude of the
carrier remains constant



TYPES OF ANALOG MODULATION

Consider the carrier signal below:
C(t)=A_cos(2nf .t +0)

1. Changing of the carrier amplitude A. produces
Amplitude Modulation signal (AM)

2. Changing of the carrier frequency f_produces
Frequency Modulation signal (FM)

3. Changing of the carrier phase O produces
Phase Modulation signal (PM)




AMPLITUDE MODULATION
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FREQUENCY MODULATION
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- FREQUENCY MODULATION
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What is Modulation ?

odulation is the process in which some characteristics of the carrier signal is varied in accordal
th the instantaneous of value of the message signal.

(or)

is the process of mixing of low energy message signal with high energy carrier signal to prod:
sh energy modulated signal to carries energy to a long distance

Carrier signal
Information signal Modulated sigral
(Modulating signal) ——— Modulator .
{Basebarnd signal ) { Modulated carrier )
{ Freguency shifted )
Signal

Fipg. Process of Modulation

Once this information is received, the low frequency information must be removed fro
the high frequency modulated carrier. This process is known as “ Demodulation”.




I. Reductionin the height of antenna

2. Avoids mixing of signals

3. Increases the range of communication
4. Muluplexing is possible

5. Improves quality of reception



l. Reduction 1n the height of

antenna

the transmission of radio signals, the antenna height

stbe multiple of 1/4 ,where A is the wavelength.
A=c/f

ere C:isthe velocity of light

f: is the frequency of the signalto be transmitted

The minimum antenna height required to transmit a baseban
signal of =10 kHz is[}calmlated as follows:

Minimum antenna height = ri E T 7500 meters i.e.7.5 km

The antenna of this height is practically impossible to install.

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

Aoc 3x108
"mmm'i'ﬁ'ixlﬂxi = 75 meters




M- |

2. Avoid Mixing of Signals

hen many transmutters are transnutting
eband information signal simultaneously,
v all get muxed up.

us problem can be resolved by using the
dulation technique.

[ ' [
"using modulation, the baseband sound sxgua.ls of same Clawtl g T
mnge mbesh:ﬁedtodxﬁ'ﬂmt&equencyms W G‘L“'ﬂ- O




3. Increase the Range of

Communication

*The frequency of baseband signal is low, and the low frequency
signals can not travel long distance when they are transmutted .

They get heavily attenuated .

*The attenuation reduces with increase in frequency of the
transmuitted signal, and they travel longer distance .

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

mEIlIEN] .I.It.'l-'f._i,
: T e T L




4. Multuplexing 1s possible

*Multplexing is a process in which two  Transmitter
or more signals can be transmitted over
the same communication channel ==

simultaneously. )

*Thuis is possible only with modulation.
5. Improves Quality of Reception

*With frequency modulaton (FM) and the digital communication
techniques such as PCM, the effect of noise is reduced to a great

extent . This improves quality of reception .

Noise should minimize if the frequency of the signal increased



Need for Modulation
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Need of Modulation

. Multiplexing (To support multiple transmissions via a single channel)

To avoid interference

M(f)
[}

/ “\ M) Multiplexed
signal
- f\ !
wo O- N A

f




Need of Modulation

. Practicality of Antennas

Transmitting very low frequencies require antennas with miles in

wavelength A= C= Velocity of light=3X10% m/s

Height of the required = %

.Increase the range of Communication

Information signal cannot travel far. It needs carrier signal of higher
frequency for long distance destination.



Amplitude Modulation

finition:
* The process of changing the amplitude of a relatively high frequenc

carrier signal in proportion with the instantaneous value of modulatin;
signal

* A process of translating information signal from low band frequency to
high band frequency.

Amplitude of the carrier signal varies with the information signal.
The modulated signal consist of anc

The modulated AM signal needs to go through demodulation process t«
get back the information signal.



| ! ' : | ! i
No modulation |
(Vin) | ' |
Modulating R — - :
signal : | | | | :
| : : N ' |
' | I I : : E :
' |
(ve) ‘
Carrier
|
i Bl i Bl iy Bl
| l | | ‘ ' |
: l l ' | : '
! | |_ AM DSBFC | l
l I envelope | I
No modulation | I | | : : |
s NI | | | I
|
fvam (1)] l
Modulated
wave / '
Carrier " Carrier |
only plus |

modulation



Amplitude Modulation

Modulating signal

Multiplier M

Carrier frequency
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Mathematical Analysis of AM

1 The carrier signal 1s

C(t)= A, cos(w.t) where w.=2nrf,

2 Inthe same way, a modulating signal (information signal) can also be
expressed as

m(t)=A, cos w1

3 The amplitude-modulated wave can be expressed as

S(t) = [AC + Wl(t)]cos(a)ct) . s(t) = A [1+ K _m(t)]cos(a

Ka is amplitude sensitivity of modulato:



S(t)=A_[1+k,m (t)] cos 2 1

S(f) = [AC + Am COS(a)mt)]COS(a)ct) S (t) = Ac [1+ka A _cos 2t f_t] cos 2

m

A

c

5 The modulation index. % =

4 By substitution
6 Therefore The full AM signal may be written as

s(t)=A.(1+ucos(w,t))cos(w,t)
cos Acos B=1/2[cos( A+ B)+cos( A—B)]

A A
s(t)=A (cosw.t)+ uz" cos(@, +m, )t + uz" cos(@, —m, )t




* The constant in the first term produces the carrier freq while the
~ sinusoidal component in the first term produces side bands frequencies

s(t)=A. cos(2nf t) +[uA, cos(2af, t)][cos(2xf t)]

A
5T A cos(2rf 1) + ”20 cos[27 (f. +f(§)t]
Cgrrier frequency n UA, cos[27 (f. — f.)t] Upper side frequency
4 signal (volts) 2 ﬁ signal (volts)
Lower side frequency
‘ ‘ signal (volts)
>

ly Fourier Transform to above equation

C18(f = f+ U+ fl+ BE 18U — fo = fr) +8U + fot fr)]+ B [8(f = fo + f) +O(f + fo -




Frequency domain description of AM signal: The modulated carrier ha
two signals at different frequencies is called side frequencies or sids
bands, occurs in the frequency spectrum directly above and below th

carrier frequency.

1:USB =fc t fm fLSB= fc - fm

AM equation s(t)=A.(1+ucos(w,t))cos(w,t)

cos Acos B=1/2[cos( A+ B)+cos( A—B)]

A A
s(t)=A (cosw.t)+ “2c cos(@, +m, )t + uz" cos(@, —m, )t




* The constant in the first term produces the carrier freq while the
~ sinusoidal component in the first term produces side bands frequencies

s(t)= A, cos(2nf t) +[uA, cos(2rf t)][cos(2xf.t)]

A
= 4, cosQaf.0) + = cos[27 (f, + £,)]
Carrier frequenc ud, .
g y + > cos[2z (f. — f,)t] Upper side frequency

signal (volts)

ﬁ signal (volts)

Lower side frequency
signal (volts)

Apply Fourier Transform to above equation

S0 — U+ )+ G ~ fo = fu) + 8 + fot )]+ BE 18U — fo + fru) +8( + fo



We have six frequencies components those are + fc, + ( fc+fm) , + ( fc-fm)

S (f

ALl ALl2

! A /4 A4 Ap/4

fe-f L -t 0 fo-fou fe fotfo

Fig. Spectrum of Single tone AM signal

Left side frequencies are mirror images of right side frequencie

S0 — U+ )+ G ~ fo = fu) + 8 + fot )]+ BE 18U — fo + fru) +8( + fo



Spectrum of AM for a complex input signal

USB
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Power Calculations in AM

In any electrical circuit, the power dissipated is equal to the voltage squar:

(rms) divided by the resistance. (P=V?/R). V=Ac(rms)/ v2
Mathematically power in unmodulated carrieris |p _ (4,/N2)° _ 4]
‘ R 2R

Where P_ = carrier power (watts)

A_= peak carrier voltage (volts)

R = load resistance i.e antenna (ohms)

2 2
e upper and lower sideband powers will be _ _ (ud, /2) _u
})usb T })lsb T 2R R 8

Rearranging in terms of P, Btsb =P, = — |=—P



Power Calculations in AM

The total power inan AM waveis P =P + P

usb

T })lsb

Substituting the sidebands powers in terms of P yields

2 2

P=P+pP+2 P
4 4
Z/l2 Z/l2
=P +—P =P [l +—]
2 2

Since carrier power in modulated wave is the same as unmodulated wave
obviously power of the carrier is unaffected by modulation process.



Modulation Index or Percentage of Modulation

Modulation index is defined as the ratio of amplitude of message signal t
the amplitude of carrier signal.

C(t)=A, cos(w,t) where w, =27rf,

m(t)=A, cos w1

4 Bysubstitution s/ = [4 + m (1) ]cos( @ .¢)
S (t) = A_[1+k,m (t)] cos 2 mf t
Where ka = 1/A_ = Amplitude sensitivity of the modulator.
S (t) = Ac[1+ka A cos 2rt f t] cos 2 f t

Am

Modulation Index u = K;A4,, = y
C



Modulation Index or Percentage of Modulation

et A, and A .. be the maximum and minimum amplitudes of the modulated wave.
Ve will get the maximum amplitude of the modulated wave, when cos(2ntf t)is 1.

A= AFA
will get the minimum amplitude of the modulated wave, when cos(2mif t) is -1.
=>AminzAC_Am

A

+A_ =AFA_+A -A_=2A_

max min

A ~A_ =A+A _~(A-A )=2A
u= A /A (A — mln)/2

Amax™Armin)/2
—(Ama _'Amm)
A,

u= A /A=

mm)



What is the significance of modulation index ?

lodulation Index (u)

e u 1s merely defined as a parameter, which determines the amount of modulation
it 1s dimension less. When 1t 1s multiplied by 100 then 1t is called percentage
modulation.

« If u<1 then get under modulation
 If u=1 then get perfect modulation
« If u>1 then get over modulation

« degree of modulation required to establish a desirable AM communication link i
maintain g <1.0 (u <100 %).

 The carrier frequency f, much greater than highest frequency component W
message signal m(t). f, >>W, where W is message bandwidth

e This 1s important for successful retrieval of the original transmitted information at
receiver end.




What is the significance of modulation index ?

ﬁodulation Index (u)

r instance, if this value is less than 1, i.e., the
bdulation index is 0.5, then the modulated output would
ok like the following figure. It is called as Under-
bdulation. Such a wave is called as an under-
odulated wave.

r a perfect modulation, the value of modulation index
ould be 1, which means the modulation depth should be
0%.

he value of the modulation index is greater than 1, i.e., 1.5
so, then the wave will be an over-modulated wave. It would
ok like the following figure.

Under-Modulated wawve

Maximum level
reaches twice
no moedulatian level

AT

A LIS /”\\\ Lewvel with
A M / no modulation
« ™

fff/f S f.-’ \ .

\ N, W
Y 4B 74 N

Perfect Modulation 100%

Over-Modulated wawve



Band width of an AM signal
BW=f

max_fmin BW:fC+fm_(fC_fm) BW= 2fm

oblem 1

modulating signal m(t)=10cos(2x103%t) is amplitude modulated with a carri

gnal c(t)=50cos(21rx10%t). Find the modulation index, the carrier power, and the power requir
r transmitting AM wave.

2

P
The formula for Carrier power, "¢~ op
n(t) = mfm"{?“ A mai’} c(t) = u[h:us{iw & E]I Assume K =11 andsubstitute A. valuein the above formula.
A, = 10volts A. = 50volts (50)°
P.= = 1250W
9 f.=10"Hz = 100K H: - d
n = 10°Hz =1KHz ' We know the formula for power required for transmitting AM way
Ay W p-p(i u
: g ; _m = — =] = il
We know the formula for modulation index as M A, f =0 = Il el 5

Therefore, the value of modulation index is 0.2 and percentage of modulation is 20%. P, = 1250 (] + {"-3]2) _ 1075W
2



Band width of an AM signal

roblem 2
1e equation of amplitude wave is given by s(t)=20[1+0.8cos(21rx103t)]cos(4m*105t). Find t
arrier power, the total sideband power, and the band width of AM wave.

, s - A
=20 [1+ 0.8 cos(27 x 10°t)] cos(4m x 10%t) Carerpower; £ s B
=20 [1+ 0.8 cos(2m x lﬂgt)] cos(2m x 2 x IDE't) Assume R = 1(}
- : (20)°
Amplitude modulated wave is P = S 200W
s (t) = Ac [1+ pcos(2m fint)] cos(2m f.t) total side band poweris 2
SB = —5
comparing the above two equations, we will get
2
200 x (0.8
Pgp = (08) = 64W

nplitude of carrier signal as A, = 20wolts 2

dulationindexas p = 0.8 bandwidth of AM wave is BW = 2f,,

»quency of modulating signalas  f, = 10°Hz=1KH=

»quency of carrier signalas f. =2 x 10°Hz = 200K Hz BW =2(1K) =2KHz=



Single tone AM signal

mplitude modulation in which the modulating or baseband signal consists of onl
1e (single) frequency i.e. modulation is done by a single frequency or tone. Thi
pe of amplitude modulation is known as single tone amplitude modulation

C(t)= A, cos( w,t) where o, = 2xf,

m(t) = A, cos o t

m

s(t) = [AC + m (t)]cos( @ 1)
S (t) = A, [1+k,m (t)] cos 2 mif t
Where ka = 1/A_=Amplitude sensitivity of the modulator.
S (t) = Ac [1+ka A cos 2rt f t] cos 2m f t

Am

Modulation Index u = K;A4,, = y
C



* The constant in the first term produces the carrier freq while the
~ sinusoidal component in the first term produces side bands frequencies

s(t) = A, cos(2rf t) +[uAd, cos(2rf t)][cos(2xf 1)]

A
@ = A, cos(2af.t) + Uzc cos[27 (f, +g%)f]
Carrier frequency N uA, cos[27(f. — £ )] Upper side frequency
signal (volts) o) ¢

ﬁ signal (volts)

Lower side frequency
signal (volts)

ply Fourier Transform to above equation

< [5(f = f)+ 8 + I+ EE I8 — fo =) +6(F + Lo+ )]+ ZE[6(F = fo + fu) +8(f + f. -
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Fig. Spectrum of Single tone AM signal

S0 — U+ )+ G ~ fo = fu) + 8 + fot )]+ BE 18U — fo + fru) +8( + fo



Multi tone AM signal

When the message signal contains more than one frequenc

then the corresponding modulation scheme 1s known as
Multi-Tone Modulation.

* Letus consider the message signal to be

m(t) = A, Cos 2nf, t + A, Cos 2Zaf ,t
AM modulated Wave S(t)= AC [1 + ka m(t)] COS Zﬂfct

S(t)=A; [1 + k {41 Cos 2T f,,1t + Ay COSfat | cos2mf ot
S(t)=A; |1 + u Cos 27 f,4t + U, Cosfpt | cos22mf,t

(t)= Accos2nfot + AcuCos 2 frit cos 2mfot + Acuy, Cosfipt COS 2m



= Ao cos 2mfct

. Cos 2nt(fr — fu )t + 22 cos 2n(fr +fn) t + 22 Cos 2n(f;

A
: : ~ fn2)t + =52 c0s 2(fe +fim2)

SPECTRUM OF AM SIGNAL (MULTITONE)
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MODULATION EFFICIENCY (MULTITONE AM)
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Band width of an AM signal

3andwidth of AM Wave

Bandwidth (BW) is the difference between the highest and lowest frequencies of the
ignal. Mathematically, we can write it as

3wW=f,_~f  BW=f_+f —(f —f_)=2f

max 'min

)=A (1+ucos(w,t))cos(w.t)

s(t)=A. cos@rf t)+[uAd. cos(2rf, t)][cos(2;

=A, cos(2nft) - M;C cos[27(f. +

A
+ 2% cos[2z(f. — )]
uA, uA, 2
= A4 (cosm t)+ > cos(@, +w, )t + > cos(w, —w, )t
= 0
OS2 =
AT L < o T-:h Ay I-:l o Tq.
A 1 I A O A £, oo £

Fig. Spectruan of Single tomne A signal



Frequency Spectrum of an AM signal

requency spectrum of AM waveform contains three parts:

1. A component at the carrier frequency f,
2. An upper side band (USB),whose highest frequency component is at f+f,,
3. A lower side band (LSB), whose highest frequency componentis at f.-f,

The bandwidth of the modulated waveform is twice the information signal bandwidti

cause of the two side bands in the frequency spectrum its often called Double Sidel
th Full Carrier.(DSB-FC)

e information in the message signal is duplicated in the LSB and USB and the ca
nveys no information.




AM Types
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* If the amplitude of the modulating signal 1s higher than the carrier

amplitude, which in turn implies the modulation index. This will cause

severe distortion to the modulated signal.




Bandwidth(BW)

>The BW of an AM DSBFC wave is equal to the difference between t
highest upper side frequency and lowest lower side frequency:

BW = [f. + f o ug] = [fo =
= of

m(max)]

m(max)

>For efficiency transmission the carrier and sidebands must be high enou
to be propagated thru earth’s atmosphere.



Calculate the power efficiency of AM signals

Power efficiency :The ratio of power 1n sidebands to total power,

sidebands power u’/?2 u’

total power 1+u?/2 2+u°

In terms of power efficiency, for u=/ modulation, only 33% power

efficiency 1s achieved which tells us that only one-third of the

transmitted power carries the useful information.



Frequency Spectrum of an AM signal

e frequency spectrum of AM waveform contains three parts:

A component at the carrier frequency f,

An upper side band (USB), whose highest frequency component is at f.+f,

A lower side band (LSB), whose highest frequency component is at f.-f,,

e bandwidth of the modulated waveform is twice the information signal bandwidth.

Because of the two side bands in the frequency spectrum its often called Double Sideba
with Large Carrier.(DSB-LC)

The information in the base band (information) signal 1s duplicated in the LLSB and U;

and the carrier conveys no information.



Modulation carrier and envelope detector outpnils for
various values of e modulation index
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If the amplitude of the modulating signal 1s higher than the carrie

amplitude, which in turn implies the modulation index. This will caus:

severe distortion to the modulated signal.




Basic Principles of Amplitude Modulation

vl in the Frequency Domain

* The product of the carrier and modulating signal can be generated by applying bof
signals to a nonlinear component such as a diode.

* A square-law function is one that varies in proportion to the square of the inp
signals. A diode gives a good approximation of a square-law response. Bipolar ar
field-effect transistors (FETs) can also be biased to give a square-law response.

* Diodes and transistors whose function is not a pure square-law function produc
third-, fourth-, and higher-order harmonics, which are sometimes referred to
intermodulation products.

* Intermodulation products are easy to filter out.

* Tuned circuits filter out the modulating signal and carrier harmonics, leaving on
carrier and sidebands.



A square-law modulator circuit for producing AM.

Diode
- -V, = iA,
——
f
> Modulating
v, j Carrier f, signal and AM v:ave
harmonic e N
HL
Load
2 Modulating ‘
74 :
m signal f,, _ ‘e _ _ # _
£, 2f, °° E—E, £ fLtf, 7  Bf 3f,
;Y_/
Harmonics
—, T Output spectrum
m(t) + Vi(t) Square | V3(t) Band s(t)
Law —»| Pass |——
n Device Filter

A cos(2nft)
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Vin r\/ Resonant at the/ Output

‘ carrier frequency spectrum

The tuned circuit filters out the modulating signal and carrier harmonics, leavir
only the carrier and sidebands.




juare Law Modulator:

C(t)= A, cos(w.t) where w. =2nrf,

m(t)=A, cos ot

ese two signals are applied as inputs to the summer (adder) block. This summer block produce:
output, which is the addition of the modulating and the carrier signal.
ithematically, we can write it as

V,t= m(t)+ A, Cos(2Tft)

s signal V.t is applied as an input to a nonlinear device like diode. The
iracteristics of the diode are closely related to square law.

Vot =k V4 (t)+k V42 ()

Where, k; and k, are constants.



bstitute V,(t) in Equation 1

V,(t)=k, [m(t)+A_ cos(2nf t)] + k, [m(t)+A_ cos(2nf t)]?
V,(t)= k,m(t)+k, A cos(2xnf t)+k,m?(t)+
k,A 2 cos?(2nf t)+2k,m(t)A cos(2xf )

V,(t)=k,m(t)+k,m?*(t)+k,A_*cos*’(2nf t)+
k,A [1+(2k, /k )m(t)] cos(2nf.t)

e last term of the above equation represents the desired AM wave and the firs
ee terms of the above equation are unwanted. So, with the help of band pass
r, we can pass only AM wave and eliminate the first three terms.

Therefore, the output of square law modulator is
s(t)=k,A.[1+(2k,/ k1) m(t)] cos(2Trf_t)
Amplitude Sensitivity (K, )= 2k, / |

The standard equation of AM wave is s(t)=A.[1+k m(t)]cos(2Trf.t)



Switching modulator circuit for producing AM.

Switching
Diode

V,(t)

c(t) = A cos(2nf t)

Band
Pass
Filter

s(t)

Switching modulator is similar to the sq
law modulator. The only difference is th:
the square law modulator, the diode
operated in a non-linear mode, whereas, ir
switching modulator, the diode has to ope
as an ideal switch.

Let the modulating and carrier signals be denoted as m(t) and c(t)=A_cos (2Tf.t) respectively.

'hese two signals are applied as inputs to the summer (adder) block. Summer block produces
utput, which is the addition of modulating and carrier signals. Mathematically, we can write it as

V,t= m(t)+ A, Cos(2Tft)



 signal V,(t) 1s applied as an input of diode. Assume, the magnitude of the modulating
al 1s very small when compared to the amplitude of carrier signal Ac. So, the diode’s
and OFF action 1s controlled by carrier signal c(t). This means, the diode will be
rard biased when c(t)>0 and 1t will be reverse biased when ¢(t)<0.

herefore, the output of the diode is

V() = V() ifc(t)>0
0 ifct)<0

e can approximate this as

Va(B)=V4 (1) x(t)
here, x(t) 1s a periodic pulse train with time period T=1/ f,

A.'H.[t]

—




he Fourier series representation of this periodic pulse train is

x(t) = 1 + %z (;i)::i cos(2m(2n — 1)fct)

2
1 2 2

x(t) = =+ — cos(2mf. t) — 5— cos(6mf t) + -
2 T 31T

Substitute, V1(t) and X(t) values in Equation 2.

V,(t) = [m(t) + Ac cos(27rfct)][% + % cos(2mf.t) — % cos(6mf.t) + -

2m(t) cos(6mf, t) ——cos(Zth t)cos(6mf. t) + -

Zm(t) 2(21_[1: t) _
C

t) = m(t)+— cos(2mf.t) +
2m(t)
cos(6mf. t) ——cos(21rf t)cos(6mf, t)+---

m,gt) (1+( )m(t)) cos(2mfot) + 22¢ cosz(an t) —

> 15t term of the above equation represents the desired AM wave and the remaining term
unwanted terms. Thus, with the help of band pass filter, we can pass only AM wave an

t) =

ninate the remaining terms.



efore, the output of switching modulator is

A, 4
s(t) = 7(1 + (TL’A )m(t)) cos(2nf.t)

We know the standard equation of AM wave is

s(t) = A A1+ kym(t)] cos(2nf,t)

Where, k, 1s the amplitude sensitivity.

By comparing the output of the switching modulator with the standard equation of AM
wave, we will get the scaling factor as 0.5 and amplitude sensitivity k, as 4 / TA...



AM Demodulators

e process of extracting an original message signal from the modulated wave is known
detection or demodulation. The circuit, which demodulates the modulated wave is known as
> demodulator. The following demodulators (detectors) are used for demodulating AM wave.

Square Law Demodulator
Envelope Detector

Square Law Demodulator

uare law demodulator is used to demodulate low level AM wave. Following is
> block diagram of the square law demodulator

Rl s Demodulated
Square Low output
—_— Law | — Pass —
Device Filter

5 demodulator contains a square law device and low pass filter. The AM wave V., (t) is applied as
nput to this demodulator.



The standard form of AM wave 1s
V t=m(t)+ A Cos(2xf t)
V,(H)=Ac[1+k, m(t)] cos(2nf t)

We know that the mathematical relationship between the input and the output of

square law device 1s
V,()= k1V1(t)+k2V12 (t) ---------- (1)

Where,
V(1) 1s the input of the square law device, which is nothing but the AM wave

V,(t) 1s the output of the square law device, k, and k, are constants.

stitute V,(t) in Equation 1
V,(t)=k, (A [1+k m(t)] cos(2nmf t))+k,(A_[1+k m(t)] cos(2mfct))?

V,(t)=k,A cos(2nf t)+k, A k m(t)cos(2nf t)+k,A *[1+K *m?(t)+2k m(t)]((1+cos(4nfct)) / 2)

= kA cos(2rtf t) + k,A_k m(t)cos(2mfct) + K,A2/ 2 + (K,A 2/2)cos(4nf t) + (k,A 2k 2m?(t)) / 2 + ((k,A 2k 2m?2(t) / 2)
nfct) + k,A 2k m(t) + k,A 2k m(t) cos(4nf t)

he above equation, the term k,A 2k m(t) is the scaled version of the message signal. It can be extracted by passing
ve signal through a low pass filter and the DC component (k,Ac?/ 2) can be eliminated with the help of a coup

acitor.



nvelope Detector

Envelope detector is used to detect (demodulate) high level AM wave. Following is the block diagram
of the envelope detector.
Demodulated

AM wave Low output
——» Diode ——>»| Pass p—»
Filter

nis envelope detector consists of a diode and low pass filter. Here, the diode is the main detecting element. Hence,
1e envelope detector is also called as the diode detector. The low pass filter contains a parallel combination of the
sistor and the capacitor.

' AM wave s(t) is applied as an input to this detector.

/e know the standard form of AM wave is

The standard form of AM wave 1s
V t=m(t)+ A  Cos(2xf t)
V,()=Ac[1+k, m(t)] cos(2nf t)



he positive half cycle of AM wave, the diode conducts and the capacitor charges to the peak value of
| wave. When the value of AM wave is less than this value, the diode will be reverse biased. Thus, the
acitor will discharge through resistor R till the next positive half cycle of AM wave. When the value of
| wave is greater than the capacitor voltage, the diode conducts and the process will be repeated.

should select the component values in such a way that the capacitor charges very quickly and
harges very slowly. As a result, we will get the capacitor voltage waveform same as that of the envelope
M wave, which is almost similar to the modulating signal.



Envelope or Non-Coherent Detection

An envelope detector for AM 1s shown below:

Diode
" hI ¢ o
Al Input R __C mif) + Distortion
& & &
LPF

his 1s obviously simple, low cost. But the AM input must be DSBAM with u<< 1.




Large Signal Operation

r large signal inputs, (= Volts) the diode is switched i.e. forward biased = ON, reverse
ised = OFF, and acts as a half wave rectifier. The 'RC' combination acts as a 'smoothing
cuit' and the output is m(7) plus 'distortion'.

DSBAM
Half wave rectified

al i [J T

Il
-0 Smoothed
output

|MI1MM
i

|
0l

he modulation depth is > 1, the distortion below occurs

»

_.=-—-_-_'_'_‘_':—
—
——
—
—
¥

distorted
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Applications

roadcasting of both audio and video signals.
lobile radio communications, such as cell phone.

adio broadcasting, TV pictures (video), facsimile

ansmission

equency range for AM - 535 kHz — 1700 kHz

andwidth-10 kHz



Figure AM band allocation

530
kHz

fC fC fC

) 4 A
- > 170C
10 kHz kHz



Advantages/disadvantages

dvantages:

ere are several advantages of amplitude modulation, and some of these reasons have
meant that it is still in widespread use today:

It is simple to implement
it can be demodulated using a circuit consisting of very few components

AM receivers are very cheap as no specialized components are needed.

isadvantages:
It is not efficient in terms of its power usage

It is not efficient in terms of its use of bandwidth, requiring a bandwidth equal to twic
that of the highest audio frequency

It is prone to high levels of noise because most noise is amplitude based and obviously
AM detectors are sensitive to it.
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DSBSC Modulation

In the process of Amplitude Modulation, the modulated wave consists of the carrier wave and tw
sidebands. The modulated wave has the information only in the sidebands. Sideband is nothing but
band of frequencies, containing power, which are the lower and higher frequencies of the carric
frequency. In DSBSC. In AM, modulation efficiency is less because of high carrier power. To impro\
modulation efficiency the carrier is suppressed only sidebands are to be transmitted.

The transmission of a signal, which contains a carrier along with two sidebands can be terme
as Double Sideband Full Carrier system or simply DSBFC. It is plotted as shown in the following figure

Position
of carrier
Lower Upper
sideband sideband
fe — Im fe fe + fin

However, such a transmission is inefficient. Because, two-thirds of the power is being wasted in the carrier,
which carries no information.



Departme

Electronics and Instrumentation Engine

If the carrier is suppressed and only two side bands are transmitted and the saved power is distribu
to the two sidebands, then such a process is called as Double Sideband Suppressed Carrier system
simply DSBSC. It is plotted as shown in the following figure.

Position
of carrier
i
]

Lower Upper
sideband ! sideband
]
|

fr: S fm f;r ﬁ:‘ + fm

Carrier is suppressed and sidebands
are allowed for transmission



DSBSC Modulation

Mathematical Expressions

Let us consider the same mathematical expressions for modulating and carrier signals as we have considered i
the earlier chapters.

i.e., Modulating signal
m(t)= A, cos(2nf t)

Carrier signal
C (t)=A_cos(2rtf t)

Mathematically, we can represent the equation of DSBSC wave as the product of modulating and carrier signc

s(t)=m(t) c(t)

s(t)=A, A_cos(2mf t)cos(2nf t)



DSBSC Modulation

Message

Time domain representation of DSBSC Wave: if

Modulating signal A

0 5 10 15 20 25
time (seconds)

m(t)= A, cos(2nft)

Carrier
Carrier signal o ‘
C (t)=AC COS(ZTEfct) A " Lo 5 clidl
Mathematically, we can represent the equation of DSBSC i R
wave as the product of modulating and carrier signals S

© 3 u__. ___________________________________________ TR AT S -

S(t)zAmACCOS(ZT[fmt)COS(2T[fct) time (seconds)
A A A A In DSBSC modulated Wave underg
m+**c a mile " '
s(t) = cos [2m(f, + fin )t] + ) cos [2n(f. — fin )t phase reversal when the message s

Crossing zero



DSBSC Modulation

Frequency domain representation of DSBSC Wave:

Modulating signal ~ m(t)= A cos(2nf_t)
Carrier signal C (t)=A. cos(2rtf t)
Mathematically, we can represent the equation of DSBSC wave as the product of modulating and carrier signa

s(t)=m(t) c(t)

s(t)=A,A.cos(2mf t)cos(2nf t)

And A A

FL X

Ve f L £ el
TN . [ | JI

nwyy L
Wi SIS

s(t) = s |

Apply Fourier Transform to the above equation

SC(F) = 2200 + £, + Fo) + 00 — fo = f) + 8(F + £ = Fy) +0(F = o + £,

T




DSBSC Modulation

Frequency domain representation of DSBSC Wave:

x:) Frequency-Domain Description
g The Fowurier transform of the DSB-SC wave s(t) is given by
bsasc SU) = 3 AIM(F — £ + MU + £l

(a) Spectrum of message signal

Arcr)

Arntely S |

w
(b) Spectrum of DSB-SC modulated wave

{L 2 j.f;_-a' SO )
!5 § /\ .
! L = - .
l
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DSBSC Modulation

Bandwidth of DSBSC Wave

We know the formula for bandwidth (BW) is

BW = fmax_ fmi

fmax :fc+fm and fmin:fc_fm
BW=f+f - (f—-f,)
BW=2f_

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 Modulation

Power Calculations of DSBSC Wave:

Consider the following equation of DSBSC modulated wave.

A A, AnAc
s(t) = 5 COs Ra(f, + fu )] + S cos 2r(f. — fin )]

Power of DSBSC wave is equal to the sum of powers of upper sideband and lower sideband frequency compon

P = Pysgt Pisp

2 V. /A 2)2
Power (P) = r:ts = (mfn )

(AmAc/2V2)?  (Am)*(Ac)?
fuse = R Y




DSBSC Modulation

I -
UgSB — 4L LSE — 8R

—r

A2 a2 BN
8R 8R 4R

Therefore, the power required for transmitting DSBSC wave is equal to the power of both
sidebands.

P, = Pysp +Pisp =



DSBSC Modulators

DSBSC modulators, which generate DSBSC wave. The following two modulators generate DSBS(
wave. DSBSC modulators are also called as product modulators as they produce the output, which i
the product of two input signals.
* Balanced modulator

* Ring modulator m(t) AM s1(t)
— 7| Modulator
Balanced Modulator: 4
Balanced modulator consists of two identical AM 4
modulators. These two modulators are arranged in a Os'fiﬁglor c(t) = A cos(2nf .t) s(t)
balanced configuration in order to suppress the
carrier signal. Hence, it is called as Balanced B
modulator. L
-m(t) AM
The same carrier signal  c(t)=A_cos(2nf t) | o

is applied as one of the inputs to these two AM modulators.

The modulating signal m(t) is applied as another input to the upper AM modulator.

Whereas, the modulating signal m(t) with opposite polarity, i.e., —m(t) is applied as another input to the lower AM mod



DSBSC Modulation

Output of the upper AM modulator is S5(t)=A4

[1 L L gl + )V rne (27 F +3
- EL-I- [ l-.-ﬂJ'l-.l-"l-" ll-.Ll 1._-‘

I F'I.-R 1L JI.--"E

Output of the lower AM modulator is S(t) = A_[1—k_m(t)]cos (2nf.t)
C @ c

We get the DSBSC wave s(t) by subtracting s,(t) from s,(t). The summer block is used to per
this operation. s,(t) with positive sign and s,(t) with negative sign are applied as inputs to sun
block. Thus, the summer block produces an output s(t) which is the difference of s,(t)and s,(t)

s(t)=A_[1+k ,m(t)] cos(2mf t) - A_[1-k,m(t)] cos(2rmf t)

s(t)=A_cos(2mtf_t)+A_k,m(t)cos(2mtf t)-A_cos(2mf t)+A_k m(t)cos(2nf t)
s(t)=2A_k ,m(t)cos(2nf t)

We know the standard equation of DSBSC wave is s(t)=A m(t)cos(2rf.t)
C C

By comparing the output of summer block with the standard equation of DSBSC wave, we w
get the scaling factor as 2k,



DSBSC Modulation

Ring Modulator: D,

NI
The four diodes D1,D2,D3 and D4 are connected o
in the ring structure. Hence, this modulator is D,
called as the ring modulator. Two center tapped m(t) || || ‘
transformers are used in this diagram. The e
message signal m(t) is applied to the input N
transformer. Whereas, the carrier signals c(t) is L;;'
applied between the two center tapped

— c(t) —

transformers.

For positive half cycle of the carrier signal, the diodes D1 and D3 are switched ON, for negative ha
cycle D2, D4 are conducted. .

We will get DSBSC wave s(t), which |s just the product of the carrier signal c(t) and tl
message signal m(t) i.e., (—1)" —
B _Z 2n — 1

The above equation represents DSBSC wave, WhICh is obtamed at the output transformer of the ring modulator.

cns [2m(2n — 1)fct] m(t)



DSBSC Demodulation

The process of extracting an original message signal from DSBSC wave is known as detection c
demodulation of DSBSC. The following demodulators (detectors) are used for demodulating DSBS
wave.

* Coherent Detector

Low v,(t)
* Costas Loop s(t) pré,dluct Wit} | o
DSBSC wave Modulator Filter |Dpemodul
Coherent Detector :

outpu

. . . . . t =Ac 2 » @
The same carrier signal (which is used for generating [C() con(Zmp -7

DSBSC signal i.e. Frequency and phase must be same if i
not same will get phase and frequency error) is used to Oscillator
detect the message signal. Hence, this process of
detection is called as coherent or synchronous
detection. Following is the block diagram of the coherent
detector.

In this process, the message signal can be extracted from DSBSC wave by multiplying it with a carrie
having the same frequency and the phase of the carrier used in DSBSC modulation. The resulting sign
is then passed through a Low Pass Filter. Output of this filter is the desired message signal.



DSBSC Demodulation

Let the DSBSC wave be
s(t)=A.cos(2mf_t) x m(t)

The output of the local oscillator is

c(t)=A_cos(2mtf_t+op)

Where, ¢ is the phase difference between the local oscillator signal and the carrier sign
which is used for DSBSC modulation.

From the figure, we can write the output of product modulator as
v(t)=s(t)c(t)
Substitute, s(t) and c(t) values in the above equation.
v(t)= A_cos(2mtf t) m(t) A.cos(2nf t+)

= A 2cos(2mtf t)cos(2nf t+@)m(t)
= (A2/2) [cos(4nf_t+@)+cos @]m(t)



DSBSC Demodulation

v(t)= (A2/2) cosp m(t) + (A22/2) cos(4nf t+p) m(t)

In the above equation, the first term is the scaled version of the message signal. It can be extracte:
by passing the above signal through a low pass filter.
Therefore, the output of low pass filter is

V, (t)=(A.%/2 )cos @ x m(t)

The demodulated signal amplitude will be maximum, when ¢$=0°. That’s why the local oscillaf
signal and the carrier signal should be in phase, i.e., there should not be any phase differen
between these two signals.
The demodulated signal amplitude will be zero, when ¢= £90°. This effect is call
as quadrature null effect.



DSBSC Demodulation

Effect of Phase Error on the Demodulated Output
Let us consider the expression for the output of coherent detector is given by :

V, (t)=(A.%/2 )cos @ x m(t)

The demodulated signal amplitude will be maximum, when ¢$=0°. That’s why the local oscill
signal and the carrier signal should be in phase, i.e., there should not be any phase differe
between these two signals.
The demodulated signal amplitude will be zero, when ¢= +90°. This effect is ca
as quadrature null effect.

In this above expression, ¢ represents the phase error and the amplitude of the demodulate.
output is maximum and equal to (1/2) A_;2 when ¢ = 0° and the amplitude is zero when ¢ =9



DSBSC Demodulation

Costas Loop:

Costas loop is used to make both the carrier signal (used for DSBSC modulation) and the locally
generated signal in phase. Following is the block diagram of Costas loop.

Costas loop consists of two product

modulators with common input s(t), which is S

DSBSC wave. The other input for both DSBSC
product modulators is taken from Voltage
Controlled Oscillator (VCO)

with =900 phase shift to one of the product
modulator as shown in figure.

We know that the equation of DSBSC wave is
s(t)=A.cos(2trf_t) m(t)
Let the output of VCO be
c4(t)=cos(2mf t+¢d)

A
—~<cos 0 m|
Product Lo 2
»{ Pass
Modulator Eilter
cos(2mf .t + @)
VCO  le— Phase
Discriminat
x .
-90% Phase
Shifter
Low
Product Dacs
Modulator ' Filt P
lter — sin @ m(t)

This output of VCO is applied as the carrier input of the upper product modulator.

2



DSBSC Demodulation

Hence, the output of the upper product modulator is
vi(t) = s(t)e,(t)
Substitute, s(t) and c,(t) values in the above equation.
v,(t)=A_cos(2ntf_t) m(t)cos(2mf t+p)

cos Acos B=1/2[cos( A+ B)+ cos( 4 —
After simplifying, we will get v,(t)as

v,(t)=(A/2 )cosem(t)+(A./2 )cos(4mfct+@)m(t)

This signal is applied as an input of the upper low pass filter. The output of this low pass filter is
Vo,(t)=(A./2 )cosepm(t)

Therefore, the output of this low pass filter is the scaled version of the modulating signal.



DSBSC Demodulation

The output of —90Y phase shifter is
C,(t)= cos(2nf t+$—90°) = sin(2nfct+o)

This signal 1s applied as the carrier input of the lower product modulator.

The output of the lower product modulator is

V()= s(t)ey(t)

Substitute, s(t) and c,(t) values in the above equation.

V,(t) = A cos(2nf t) m(t) sin(2nf t+d)

. Cn . 2sin A B=sin(A+B in(A - E
After simplifying, we will get v,(t) as sin A cos B = sin(A + B) + sin(

v,(H)=(A./ 2)sindm(t)+(A/2)sin(4nf t+d)m(t)

This signal is applied as an input of the lower low pass filter. The output of this low pass filter is

Voa(9=(A, / 2) sinpm(t)



DSBSC Demodulation

The output of this lower Low pass filter has —90° phase difference with the output of the upper low p
filter.

The outputs of these two low pass filters are applied as inputs of the phase discriminator. Based on -
phase difference between these two signals, the phase discriminator produces a DC control signal.

This signal 1s applied as an input of VCO to correct the phase error in VCO output. Therefore, the carri
signal (used for DSBSC modulation) and the locally generated signal (VCO output) are in phase.



DSBSC modulation

Applications of DSB-SC modulation

»During the transmission of binary data, DSB-SC system is used in phase shift
keying methods.

»In order to transmit 2 channel stereo signals, DSB signals are used in Television
and FM broadcasting.



DSBSC

Advantages of DSB-SC modulation

[t provides 100% modulation efficiency.

Due to suppression of carrier, it consumes less power.
It provides a larger bandwidth.

Disadvantages of DSB-SC modulation

It involves a complex detection process.

Using this technique it 1s sometimes difficult to recover the signal at the receiver.
It 1s an expensive technique when it comes to demodulation of the signal.



SSBSC Modulation

n the previous chapters, we have discussed DSBSC modulation and demodulation. The DSBSC
modulated signal has two sidebands. Since, the two sidebands carry the same information, there is
no need to transmit both sidebands. We can eliminate one sideband.

The process of suppressing one of the sidebands along with the carrier and transmitting a single
sideband is called as Single Sideband Suppressed Carrier system or simply SSBSC. It is plotted as
shown in the following figure.

In the above figure, the carrier and the lower sideband §?i'§l?-?er

are suppressed. Hence, the upper sideband is used for

transmission. Similarly, we can suppress the carrier and Lower Upper

the upper sideband while transmitting the lower Sideband Sldebang
sideband.

This SSBSC system, which transmits a single sideband 4

has high power, as the power allotted for both the carrier fe = fm fe Je + fm

and the other sideband is utilized in transmitting this Carrier and a sideband are suppressed and a

Single Sideband single sideband is allowed for transmission



SSBSC Modulation

Mathematical Expressions

Let us consider the same mathematical expressions for the modulating and the carrier signals as

we have considered in the earlier chapters.
i.e., Modulating signal

m(t)=A, cos(2nf t)
Carrier signal
c(t)=A.cos(2xt t)
Mathematically, we can represent the equation of SSBSC wave as
s(t) = (ALA,/ 2)cos[2n(f +1 )t] for the upper sideband

or
s(t)=(A, A/2)cos[2n(f,—T )] for the lower sideband



SSBSC Modulation

Bandwidth of SSBSC Wave
We know that the DSBSC modulated wave contains two sidebands and its bandwidth 1s 2f . Since

SSBSC modulated wave contains only one sideband, its bandwidth is half of the bandwidth of DSB
modulated wave.

1.e., Bandwidth of SSBSC modulated wave =21 _ / 2=f

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



SSBSC Modulation

Power Calculations of SSBSC Wave:

Consider the following equation of SSBSC modulated wave.

S(t) = (AmAC/ 2)005[2n(fc—|—fm)t] for the upper sideband

or
s(t)=(A,A./2)cos[2n(f—1 )t] for the lower sideband

Power of SSBSC wave is equal to the power of any one sideband frequency components.

P=Pysg=Psp

2 2
Power (P) = L{;ﬂ;w = (i gZ]

(AmAc/2V2)?  (A)%(Ac)?
USB — R - 8R



SSBSC Modulation

AZ AZ

8R

An Az
8R

Pysg = Prsg =

P, = Pysp = Prsp =

Applications

*For power saving requirements and low bandwidth requirements.
In land, air, and maritime mobile communications.

*In point-to-point communications.

In radio communications.

*In television, telemetry, and radar communications.

In military communications, such as amateur radio, etc.



SSBSC Modulation

Advantages:

»Bandwidth or spectrum space occupied is lesser than AM and DSBSC waves.
» Transmission of more number of signals is allowed.

»Power is saved.

»High power signal can be transmitted.

» Less amount of noise is present.

» Signal fading is less likely to occur.

Disadvantages:
» The generation and detection of SSBSC wave is a complex process.

»The quality of the signal gets affected unless the SSB transmitter and receiver
have an excellent frequency stability.



SSBSC Modulation

SSBSC modulators, which generate SSBSC wave. We can generate SSBSC wave using the followi

two methods.
*Frequency discrimination method
*Phase discrimination method

Frequency Discrimination Method:

The following figure shows the block diagram of SSBSC
modulator using frequency discrimination method.

DSBSC SSBS

Band
In this method, first we will generate DSBSC wave with the help of i o Product | WAVE J  paes i

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

Select the frequency range of band pass filter as the spectrum of
the desired SSBSC wave. This means the band pass filter can be

c(t) = A cos(2nf 1)

tuned to either upper sideband or lower sideband frequencies to el
get the respective SSBSC wave having upper sideband or lower Oscillator
sideband.




SSBSC Modulation

Phase Discrimination Method:

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

This block diagram consists of two product
modulators, two —90° phase shifters, one local
oscillator and one summer block. The product
modulator produces an output, which is the product
of two inputs. The —90%hase shifter produces an
output, which has a phase lag of —90° with respect to
the input.

The local oscillator 1s 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.

A CDS(Zﬂffmtj Brodiiek 51 (t)
Modulator
TAC cos(2mft) 4
Local S
l Oscillator
-90° Phase | |-90° Phase .5
Shifter Shifter o
lAC sin(2nf .t)
Product
Ay sin(2mft) e dlator s2(t)




SSBSC Modulation

The modulating signal A _cos(2xnf t) and the carrier signal A cos(2xnf t) are directly applied as inputs tc
the upper product modulator. So, the upper product modulator produces an output, which is the product
of these two inputs.

The output of upper product modulator is

s(t)=A,A.cos(2mf t)cos(2nf t)

51 () = 2% cos [2n(f; + f )t] + " cos [20(f, ~ fo )]

The modulating signal A _cos(2xf t) and the carrier signal A cos(2nft) are phase shifted by —90° bef
applying as mputs to the lower product modulator. So, the lower product modulator produces an outy
which is the product of these two inputs.

The output of lower product modulator is

s,(t)=A A cos(2nf_t—90%)cos(2nf t—90")



SSBSC Modulation

S,(t)=A A sin(2xf t)sin(2nf t)

s2(8) = 222 cos [20(7, + fi )11 + 2 cos [20(, — fr )]

Add s1(t) and s2(t) in order to get the SSBSC modulated wave s(t) having a lower sideband.
s(t)=s,(t) + s,(t) = A A .cos[2m(f.—1 )t]
Subtract s2(t) from s1(t) in order to get the SSBSC modulated wave s(t) having a upper sideband.
s(t)=s,(t) - s,(t) = A A cos[2n({ +1 )t]

Hence, by properly choosing the polarities of inputs at summer block, we will get SSBSC wave
having a upper sideband or a lower sideband.



SSBSC Demodulation

The process of extracting an original message signal from SSBSC wave is known as detection «
demodulation of SSBSC. Coherent detector is used for demodulating SSBSC wave.

Coherent Detector:

Demodul

. . L t t)| Low
Here, the same carrier signal (which 1s wused for i)._., MT;&:‘;; l), Pass _c:..Utpu
generating SSBSC wave) is used to detect the message  SSBSC wave Filter
signal. Hence, this process of detection is called
as coherent or synchronous detection. Following is the o(t) = A.cos(2nf.f)

block diagram of coherent detector.

Local
In this process, the message signal can be extracted from SSBSC Oscillator

wave by multiplying it with a carrier, having the same frequency
and the phase of the carrier used in SSBSC modulation. The
resulting signal is then passed through a Low Pass Filter. The
output of this filter is the desired message signal.




SSBSC Demodulation

Consider the following SSBSC wave having a lower sideband.

AL A,
5 (t) =

COS [2E(Jﬁ: o fm )t]

The output of the local oscillator is
c(t)=A.cos(2nf t)

From the figure, we can write the output of product modulator as
v(t)=s(t)c(t)
Substitute s(t) and c(t)values in the above equation.

A A
V(t): m--c

cos [2m(f. — fin )t1A, Cos(2mf 1)

2
A AC

=

V(t) =

fcos [2m(2f. — f,, )t] + Cos(2nf )t}



SSBSC Demodulation

A A“ A A7
=" cos [2n(2f. — f,)t] + ——

V(t) = Cos(2mf )t

In the above equation, the second term is the scaled version of the message signal. It can be extracted
by passing the above signal through a low pass filter.

Therefore, the output of low pass filter is
A, AC
Vo (t) = m.-_]: ~Cos(2mf,.t)
A.°

Here, the scaling factoris ——

We can use the same block diagram for demodulating SSBSC wave having an upper sideband. Consider ti
following SSBSC wave having an upper sideband.




SSBSC Demodulation

c(t)=A.cos(2nf_t)

We can write the output of the product modulator as v(t)=s(t)c(t)
A,LA ;
V(t) = ——cos [2n(f; + fin )t]A: Cos(2nf.t)
AnA° AnA°
V(t)= ———cos [2n(2f. + fn )t] + ———Cos(2nf, )t

In the above equation, the second term is the scaled version of the message signal. It can be extrac
by passing the above signal through a low pass filter.

ALAL°
Therefore, the output of low pass filteris 1 () = ————Cos(2nf..t)
4
fil 2
Here, the scaling factor is C
4

Therefore, we get the same demodulated output in both the cases by using coherent detector.



Multiplexing

VIultiplexing is the process of combining multiple signals into one signal, over a shared medium. If the
nalog signals are multiplexed, then it 1s called as analog multiplexing. Similarly, if the digital signals are
nultiplexed, then it 1s called as digital multiplexing.

Multiplexers

W

Analog Digital
L |

! 1L Time Division
Frequency Wavelength Multiplexing
Division Division (TDM)
Multiplexing Multiplexing Jj
(FDM) (WDmM) L l

Synchronous Asynchronous

TDM TDM



Frequency Division Multiplexing(FDM)

Frequency division multiplexing (FDM) 1s a technique of multiplexing which means combining
more than one signal over a shared medium. In FDM, signals of different frequencies are combined
for concurrent transmission.

Concept and Process

In FDM, the total bandwidth 1s divided to a set of frequency bands that do not overlap. Each of these
bands 1s a carrier of a different signal that is generated and modulated by one of the sending devices.
The frequency bands are separated from one another by strips of unused frequencies called the guard
bands, to prevent overlapping of signals.

The modulated signals are combined together using a multiplexer (MUX) 1n the sending end. The
combined signal is transmitted over the communication channel, thus allowing multiple independent
data streams to be transmitted simultaneously. At the receiving end, the individual signals are
extracted from the combined signal by the process of demultiplexing (DEMUX).



Frequency Division Multiplexing(FDM)

Frequency-Division Multiplexing (FDM) is a signal transmission technology in which multiple signals

can simultaneously be transmitted over the same line o '_”“""l""‘;E"d“EE'lr;i'
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SSBSC Modulation
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