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Unit -2 

Introduction: Overview of Communication system, Communication channels Need for modulation, 

Baseband and Pass band signals, Amplitude Modulation: Double side band with Carrier (DSB-C), Double 

side band suppressed carrier(DSB-SC), Single Side Band suppressed carrier(SSB-SC),Generation of AM, DSB-

SC, SSB-SC, VSB-SC & its detection,Vestigial Side Band (VSB).  

Overview of Communication system - Communication is the process of establishing connection or link 

between two points for information exchange. OR  

Communication is simply the basic process of exchanging information. The electronics equipments which 

are used for communication purpose are called communication equipments. Different communication 

equipments when assembled together form a communication system. Typical example of communication 

system is line telephony and line telegraphy, radio telephony and radio telegraphy, radio broadcasting, 

point-to-point communication and mobile communication. 

Figure shows the block diagram of a general communication system, in which the different functional 

elements are represented by blocks. 

 

 

 

 

Figure No. 2.1: General communication system 

Information Source 

As we know, a communication system serves to communicate a message or information. This information 

originates in the information source. In general, there can be various messages in the form of words, group 

of words, code, symbols, sound signal etc. However, out of these messages, only the desired message is 

selected and communicated. Therefore, we can say that the function of information source is to produce 

required message which has to be transmitted. 

Input Transducer 

A transducer is a device which converts one form of energy into another form. The message from the 

information source may or may not be electrical in nature. In a case when the message produced by the 
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information source is not electrical in nature, an input transducer is used to convert it into a time-varying 

electrical signal. For example, in case of radio-broadcasting, a microphone converts the information or 

massage which is in the form of sound waves into corresponding electrical signal. 

Transmitter 

The function of the transmitter is to process the electrical signal from different aspects. For example in 

radio broadcasting the electrical signal obtained from sound signal, is processed to restrict its range of 

audio frequencies (up to 5 kHz in amplitude modulation radio broadcast) and is often amplified. In wire 

telephony, no real processing is needed. However, in long-distance radio communication, signal 

amplification is necessary before modulation. 

The Channel and the Noise 

The term channel means the medium through which the message travels from the transmitter to the 

receiver. In other words, we can say that the function of the channel is to provide a physical connection 

between the transmitter and the receiver. There are two types of channels, namely point-to-point 

channels and broadcast channels. 

Example of point-to-point channels is wire lines, microwave links and optical fibers. Wire-lines operate by 

guided electromagnetic waves and they are used for local telephone transmission. 

In case of microwave links, the transmitted signal is radiated as an electromagnetic wave in free 

space. Microwave links are used in long distance telephone transmission. An optical fiber is a low-loss, 

well-controlled, guided optical medium. Optical fibers are used in optical communications. Although these 

three channels operate differently, they all provide a physical medium for the transmission of signals from 

one point to another point. Therefore, for these channels, the term point-to-point is used. 

On the other hand, the broadcast channel provides a capability where several receiving stations can be 

reached simultaneously from a single transmitter. An example of a broadcast channel is a satellite in 

geostatio a y o it, hi h o e s a out o e thi d of the ea th’s su fa e. During the process of transmission 

and reception the signal gets distorted due to noise introduced in the system. 

Noise is an unwanted signal which tends to interfere with the required signal. Noise signal is always 

random in character. Noise may interfere with signal at any point in a communication system. However, 

the noise has its greatest effect on the signal in the channel. 

Receiver 
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The main function of the receiver is to reproduce the message signal in electrical form from the distorted 

received signal. This reproduction of the original signal is accomplished by a process known as the 

demodulation or detection. Demodulation is the reverse process of modulation carried out in transmitter. 

Destination 

Destination is the final stage which is used to convert an electrical message signal into its original form. For 

example in radio broadcasting, the destination is a loudspeaker which works as a transducer i.e. converts 

the electrical signal in the form of original sound signal. 

Need for Modulation - Modulation is extremely necessary in communication system because of the 

following reasons: 

1. Avoids mixing of signals - One of the basic challenges facing by the communication engineering is 

transmitting individual messages simultaneously over a single communication channel. A method 

by which many signals or multiple signals can be combined into one signal and transmitted over a 

single communication channel is called multiplexing. We know that the sound frequency range is 20 

Hz to 20 KHz. If the multiple baseband sound signals of same frequency range (I.e. 20 Hz to 20 KHz) 

are combined into one signal and transmitted over a single communication channel without doing 

modulation, then all the signals get mixed together and the receiver cannot separate them from 

each other. We can easily overcome this problem by using the modulation technique. By using 

modulation, the baseband sound signals of same frequency range (i.e. 20 Hz to 20 KHz) are shifted 

to different frequency ranges. Therefore, now each signal has its own frequency range within the 

total bandwidth. After modulation, the multiple signals having different frequency ranges can be 

easily transmitted over a single communication channel without any mixing and at the receiver 

side, they can be easily separated. 

2. Increase the range of communication - The energy of a wave depends upon its frequency. The 

greater the frequency of the wave, the greater the energy possessed by it. The baseband audio 

signals frequency is very low so they cannot be transmitted over large distances. On the other 

hand, the carrier signal has a high frequency or high energy. Therefore, the carrier signal can travel 

large distances if radiated directly into space. The only practical solution to transmit the baseband 

signal to a large distance is by mixing the low energy baseband signal with the high energy carrier 

signal. When the low frequency or low energy baseband signal is mixed with the high frequency or 

high energy carrier signal, the resultant signal frequency will be shifted from low frequency to high 

frequency. Hence, it becomes possible to transmit information over large distances. Therefore, the 

range of communication is increased. 
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3. Wireless communication -In radio communication, the signal is radiated directly into space. The 

baseband signals have very low frequency range (I.e. 20 Hz to 20 KHz). So it is not possible to 

radiate baseband signals directly into space because of its poor signal strength. However, by using 

the modulation technique, the frequency of the baseband signal is shifted from low frequency to 

high frequency. Therefore, after modulation, the signal can be directly radiated into space. 

4. Reduces the effect of noise -Noise is an unwanted signal that enters the communication system via 

the communication channel and interferes with the transmitted signal. A message signal cannot 

travel for a long distance because of its low signal strength. Addition of external noise will further 

reduce the signal strength of a message signal. So in order to send the message signal to a long 

distance, we need to increase the signal strength of the message signal. This can be achieved by 

using a technique called modulation.In modulation technique, a low energy or low frequency 

message signal is mixed with the high energy or high frequency carrier signal to produce a new high 

energy signal which carries information to a long distance without getting affected by the external 

noise. 

5. Practicability of antennas -When the transmission of a signal occurs over free space, the 

transmitting antenna radiates the signal out and receiving antenna receives it. In order to 

effectively transmit and receive the signal, the antenna height should be approximately equal to 

the wavelength of the signal to be transmitted. Now, � ℎ =  ��  � �  =  ∗ 8� � �   

 

Types of Modulation - The types of modulations are broadly classified into continuous-wave modulation 

and pulse modulation. 

1. Continuous-wave modulation. 

2. Pulse modulation. 

 

Figure No. 2.2: Types of Modulation  
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Continuous-wave Modulation or Analog Modulation -  

In the continuous-wave modulation, a high frequency sine wave is used as a carrier wave. This is further 

divided into amplitude and angle modulation. 

 If the amplitude of the high frequency carrier wave is varied in accordance with the instantaneous 

amplitude of the modulating signal, then such a technique is called as Amplitude Modulation. 

 If the angle of the carrier wave is varied, in accordance with the instantaneous value of the 

modulating signal, then such a technique is called as Angle Modulation. 

The angle modulation is further divided into frequency and phase modulation. 

 If the frequency of the carrier wave is varied, in accordance with the instantaneous value of the 

modulating signal, then such a technique is called as Frequency Modulation. 

 If the phase of the high frequency carrier wave is varied in accordance with the instantaneous value 

of the modulating signal, then such a technique is called as Phase Modulation. 

Pulse Modulation or Digital Modulation – 

In Pulse modulation, a periodic sequence of rectangular pulses is used as a carrier wave. This is further 

divided into analog and digital modulation. 

 In analog modulation technique, if the amplitude, duration or position of a pulse is varied in 

accordance with the instantaneous values of the baseband modulating signal, then such a 

technique is called as Pulse Amplitude Modulation (PAM) or Pulse Duration/Width Modulation 

(PDM/PWM), or Pulse Position Modulation (PPM). 

 In digital modulation, the modulation technique used is Pulse Code Modulation (PCM) where the 

analog signal is converted into digital form of 1s and 0s. As the resultant is a coded pulse train, this 

is called as PCM. 

Amplitude modulation - A o di g to the sta da d defi itio , The a plitude of the a ie  sig al a ies i  

a o da e ith the i sta ta eous a plitude of the odulati g sig al.  Whi h means, the amplitude of 

the carrier signal which contains no information varies as per the amplitude of the signal, at each instant, 

which contains information? This can be well explained by the following figures 2.3. 

 

Downloaded from  be.rgpvnotes.in

Page no: 5 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in
https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 

 

 

Figure No. 2.3: Types of Modulation  

The modulating wave which is shown first is the message signal. The next one is the carrier wave, which is 

just a high frequency signal and contains no information, while the last one is the resultant modulated 

wave.It can be observed that the positive and negative peaks of the carrier wave are interconnected with 

an imaginary line. This line helps recreating the exact shape of the modulating signal. This imaginary line on 

the carrier wave is called as Envelope. It is the same as the message signal. 

Mathematical Expression 

Let odulati g sig al e − =  � �� �   
Let a ie  sig al e −� =  ��  �� ��  

Where Am = maximum amplitude of the modulating signal. 

Ac = maximum amplitude of the carrier signal. 

The standard form of an Amplitude Modulated wave is defined as –  � =  ��[ + �� ]�� ��  � =  ��[ + ��� �� � ]�� ��  � =  ��[ + �� � ]�� ��  

Where, =  ��� , called Modulation Index or Modulation depth. 

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

as Modulation Index or Modulation Depth. It states the level of modulation that a carrier wave 
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undergoes.If the maximum and minimum values of the envelope of the modulated wave are represented 

by Amax and Amin respectively as shown in figure 2.4. 

 

Figure No. 2.4: Types of Modulation  

Then, the equation for the Modulation Index. 

Amax=Ac(1+μ) 

Since, at Amax the value of sin θ is 1,  

Amin=Ac(1−μ) 

Since, at Amin the value of sin θ is -1, then on further solving the above equation,  � ��� � =  +−  

Amax− μ. Amax= Amin+ μ. Amin 

=  � �� −  � �� �� + � �  

Hence, the equation for Modulation Index is 

obtained. µ denotes the modulation index or 

modulation depth. This is often denoted in 

percentage called as Percentage Modulation. 

It is the extent of modulation denoted in 

percentage, and is denoted by m. 

For a perfect modulation, the value of 

modulation index should be 1, which means the 

modulation depth should be 100%. 

For instance, if this value is less than 1, i.e., the 

modulation index is 0.5, then the modulated 

output would look like the following figure. It is 

called as Under-modulation. Such a wave is called 

as an under-modulated wave as shown in figure 

2.5. 

 

Figure No. 2.5: Under Modulation  

Downloaded from  be.rgpvnotes.in

Page no: 7 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in
https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 

If 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. It would look like the 

following figure. 

 

Figure No. 2.6: Over Modulation  

As the value of modulation index increases, the 

carrier experiences a 180° phase reversal, which 

causes additional sidebands and hence, the wave 

gets distorted. Such over modulated wave causes 

interference, which cannot be eliminated. 

Double side band with Carrier (DSB-C) 

The amplitude of the carrier signal varies in accordance with the instantaneous amplitude of the 

modulating signal i.e. the amplitude of the carrier signal containing no information varies as per the 

amplitude of the signal containing information, at each instant. 

In the process of Amplitude Modulation, the modulated wave consists of the carrier wave and two 

sidebands. The modulated wave has the information only in the sidebands. Sideband is nothing but a band 

of frequencies, containing power, which are the lower and higher frequencies of the carrier frequency. 

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

Sideband with Carrier system or simply DSB-C. It is plotted as shown in the following figure. 

Sideband - A Sideband is a band of frequencies, containing powers, which are the lower and higher 

frequencies of the carrier frequency. Both the sidebands contain the same information. The representation 

of amplitude modulated wave in the frequency domain is as shown in the following figure 2.7. 

 

Figure No. 2.7: Representation of AM wave in frequency domain 
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Both the sidebands in the figure contain the same information. The transmission of such a signal which 

contains a carrier along with two sidebands can be termed as Double Sideband with Carrier system (DSB-

C), or simply DSB-FC. It is plotted as shown in the following figure 2.8. 

 

Figure No. 2.8: Spectrum of AM wave in frequency domain 

If this carrier is suppressed and the saved power is distributed to the two sidebands, then such a process is 

called as Double Sideband Suppressed Carrier system or simply DSBSC. It is plotted as shown in the figure 

2.9. 

 

Figure No. 2.9: AMDSB-SCpectrum 

Mathematical expression: 

Let =  � � �   is the baseband message and c =  ��  �  �� is called the carrier wave. 

The carrier frequency, �  should be larger than the highest spectral component in . 

Consider a sinusoidal carrier signal� . is defined as � =  ���  � �  

Where ��= Amplitude of the carrier signal 

Mathematically, we can represent the equation of DSB-C wave as the product of modulating and carrier 

signals. = . �  =  ��  �  �� . � Cos �   
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=  ���  �  �� . Cos �   
Double side band suppressed carrier (DSB-SC) -  

Let =  � � �   is the baseband message and c =  ��  � �� is called the carrier wave as 

shown in figure 2.10(a) and (b) respectively. The carrier frequency, �  should be larger than the highest 

spectral component in . 

 

Figure No. 2.10(a): Message signal                                                                             Figure No. 2.10(b): Carrier signal 

Mathematically, we can represent the equation of DSB-C wave as the product of modulating and carrier 

signals. = ��[ + �� ]. � ��  = ��[ + ��� sin � ]. � ��  = ��[ +  sin � ]. � ��  

 is called modulation index or Modulation depth. = �� � �� + �� � � . � ��  

= �� � � � + �� [� �� − � + � �� + � ] 

= �� � � � + �� [� � � − + � � � + ] 

= �� � � � + �� � � � − + �� � � � +  

 

Carrier wave                      LSB                                USB   

Modulated wave is a combination of three waves moving together having frequencies fc , (fc-fm), (fc+fm). 
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Figure No. 2.11: Amplitude Modulated signal 

Spectrum of AM modulated signal – 

On taking Fourier transform of message signal, carrier signal and amplitude modulated signal we can draw 

the spectrum of these signals as –  

 

 

 

Figure No. 2.12: spectrum of Amplitude Modulated signal 

The AM-SC signal exhibits phase-reversal at zero crossings, which is obvious from the waveform of figure 

. . F o  the spe t u  of figu e .  it is o ious that the i pulses at ± ωc aremissing which means  

(a) The a ie  te  ωcis suppressed in the spectrum. Hence, it is called suppressed carrier system. 
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(b) The ase a d is p ese t t i e i  the odulated spe t u . The odulated sig al o sist of ± ωc+ 

ωm  a d ± ωc- ωm) frequency term. Positive and associated negative frequency terms are necessary 

for a real signal. The two te s e tio ed a o e alled side a ds. The te  ± ωc+ ωm) is called 

uppe  side a d a d the te  ± ωc- ωm) lower sideband. Thus this system produces two sidebands 

corresponding to each frequency component in modulating signal. This system is therefore called 

Double side band suppressed carrier (DSB-SC). 

Bandwidth of DSB-SC AM wave: 

We know bandwidth can be measured by subtracting lowest frequency of the signal from highest 

frequency of the signal in upper sideband. 

For amplitude modulated wave it is given by 

Band Width = fmax(USB) -  fmin(USB) 

Band Width = (fc + fm)- (fc -fm) 

Band Width = fm +fm 

Band Width = 2fm 

Therefore the bandwidth required for the amplitude modulation is twice the frequency of the modulating 

signal.  

Single Side Band suppressed carrier (SSB-SC) – 

Double sideband suppressed carrier system (DSB-SC) doubles the bandwidth of the modulated signal as 

compared to the baseband signal. This is because the sideband appears twice in the modulated signal as 

shown in figure 2.13 (b). The baseband ranges between 0 to ωmfigure 2.13 (a) This bandwidth becomes 

2ωm after modulation as shown in figure 2.13 (b) 

The message signal appears twice in the DSB-SC signal, and it unnecessarily increases the bandwidth. 

Lower the bandwidth of the modulated signal, more is the number of channels that can be accommodate 

in a given frequency space. It is therefore desirable to transmit only one sideband, as this contains the 

entire information content in the message signal and at the same time it reduces the bandwidth by half. 

This means we can accommodate twice the number of channels in a given frequency space by using a 

single sideband in place of both the sidebands. 

Modulation of this type provides a single side band with suppressed carrier is known as single sideband 

suppressed carrier system (SSB-SC). The spectrum of SSB-SC with LSB and USB is shown in figure 2.13 (c). 

F ω  
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Figure No. 2.13: (a) Message Signal (b) DSB-SC Signal (c) SSB-SC LSB spectrum (d) SSB-SC USB spectrum 
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Both the spectra of SSB-SC signals are symmetrical about the vertical axis, so that they represent real 

signal. The bandwidth of SSB-SC signal is ωmsame as the bandwidth of the baseband signal. 

Generation of AM: 

Generation of DSB-SC AM signal: 

The generation of a DSB-SC modulated wave consists simply of the product of the message signal m(t) and 

the carrier wave  Ac Cos πfct). Devices for achieving this requirement are called a product modulator. 

There are two methods to generate DSB-SC waves. They are: 

 Balanced modulator. 

 Ring modulator. 

Balanced Modulator: 

1. Balanced modulator consists of two identical AM modulators which are arranged in a balanced 

configuration in order to suppress the carrier signal. Hence, it is called as balanced modulator as 

shown in figure 2.14. 

2. Assume that two AM modulators are identical, except for the sign reversal of the modulating signal 

applied to the input of one of the modulators. 

3. The same carrier signal C t  = A  Cos πf t  is applied as one of the inputs to these two AM 

modulators. 

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

modulating signal with opposite polarity, − t  is applied as another input to the lower AM 

modulator. 

 

Figure No. 2.14: Balanced modulator 

Mathematical analysis: 

The outputs of the two AM modulators can be expressed as follows: 

S1 (t) = Ac [1+ka  t ] Cos πfct 

Downloaded from  be.rgpvnotes.in

Page no: 14 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in
https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 

S2 (t) = Ac [1- ka  t ] Cos πfct 

Subtracting S2 (t) from S1 (t), we obtain 

S (t) = S1 (t) – S2 (t) 

S (t) = 2Ac ka  t  Cos πfct) 

Hence, except for the scaling factor 2ka the balanced modulator output is equal to product of the 

modulating signal and the carrier signal. The Fourier transform of S (t) is 

S (f) =kaAc [M (f-fc) + M (f+fc)] 

Assume that the message signal is band-limited to the interval –W ≤f≤ W as sho  i  figu e .15 and its 

DSB-SC modulated spectrum is shown in figure 2.16. 

 

 

Figure No. 2.15: Spectrum of Baseband signal 

 

Figure No. 2.16: Spectrum of DSBSC wave 

Ring modulator: 

One of the most useful product modulator, for generating a DSBSC wave, is the ring modulator shown in 

figure 2.17.  

1. In this diagram, the four diodes D1, D2, D3 and D4 are connected in the ring structure. Hence, 

this modulator is called as the ring modulator. 
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2. The diodes are controlled by a square-wave carrier C (t) of frequency fc, which applied 

longitudinally by means of to center-tapped transformers. If the transformers are perfectly 

balanced and the diodes are identical, there is no leakage of the modulation frequency into the 

modulator output. 

3. The message signal m(t) is applied to the input transformer. Whereas, the carrier signals C (t) is 

applied between the two centre-tapped transformers. 

4. For positive half cycle of the carrier signal, the diodes D1 and D3 are switched ON and the other 

two diodes D2 and D4 are switched OFF. In this case, the message signal is multiplied by +1. 

5. For negative half cycle of the carrier signal, the diodes D2 and D4 are switched ON and the 

other two diodes D1 and D3 are switched OFF. In this case, the message signal is multiplied by -

1. This results in 1800 phase shift in the resulting DSBSC wave. 

 

Figure No. 2.17: Ring modulator 

Mathematical Analysis: 

The square wave carrier c (t) can be represented by a Fourier series as follows: 

C(t) = 
4� ∑ − −− �  � � −∞=  

= /π Cos πf t   + highe  o de  ha o i s =  

Now, the Ring modulator output is the product of both message signal m (t) and carrier signal c (t). 

S (t) =c (t) m (t) 

S (t) == 
4� ∑ − −− �  � � −∞=  m (t)      For n=1 

“ t  = /π Cos πfct) m (t) 

There is no output from the modulator at the carrier frequency i.e the modulator output consists of 

modulation products. The ring modulator is also called as a double-balanced modulator, because it is 

balanced with respect to both the message signal and the square wave carrier signal. 
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The Fourier transform of S (t) is  

“ f  = /π [M f-fc) + M (f+fc)] 

Assume that the message signal is band-limited to the interval –W ≤f≤ W as sho  i  figu e .  a d its 

DSB-SC modulated spectrum in figure 2.28. 

 

Figure No. 2.18: Spectrum of Baseband signal 

 

Figure No. 2.19: Spectrum of DSBSC wave 

Coherent Detection of DSB-SC AM Waves: 

The base band signal can be recovered from a DSB-SC signal by multiplying DSB-SC wave S (t) with a locally 

generated sinusoidal signal and then low pass filtering the product. It is assumed that local oscillator signal 

is coherent or synchronized, in both frequency and phase, with the carrier signal C (t) used in the product 

modulator to generate S (t). This method of demodulation is known as coherent detection or synchronous 

demodulation. 

 

Figure No. 2.19: Coherent detection of DSB-SC signal 
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Mathematical Analysis of coherent detection: 

The product modulator produces the product of both input signal s(t) and local oscillator signal and the 

output of the product modulator is v (t). 

S (t) = Ac Cos πf t . m (t) 

C (t) = Ac Cos πf t + Ø  

V (t) = C (t) S (t) 

V (t) =Ac Cos πfct+Ø) S (t) 

V (t) =Ac Cos πfct+Ø) Ac Cos πfct) m (t) 

V (t) =Ac
2Cos πfct+Ø  Cos πfct) m (t) 

V (t) =
�� cos Ø  + 

��  Cos πfct + Ø) m (t) 

In the above equation, the first 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 

Vo (t) =
�� cos Ø  

The Fourier transform of Vo (t) is 

VO (f) =
�� cos Ø �  

 

Figure No. 2.19: DSB-SC demodulated output 

The demodulated signal is proportional to the message signal m (t) when the phase error is constant. The 

amplitude of this demodulated signal is maximum when Ø=0, the local oscillator signal and the carrier 

signal should be in phase, i.e., there should not be any phase difference between these two signals. The 

demodulated signal amplitude will be zero, when Ø=±π/ . This effe t is alled as quadrature null effect. 
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Generation of SSB waves: 

Frequency Discrimination Method or Filter method: 

The frequency discrimination or filter method of SSB generation consists of a product modulator, which 

produces DSBSC signal and a band-pass filter to extract the desired side band and reject the other and is 

shown in the figure 2.20. Application of this method requires that the message signal satisfies two 

conditions. 

1. The message signal m(t) has low or no low-fre ue y o te t. M ω  has a hole  at ze o-frequency 

Example: - speech, audio, music. 

2. The highest frequency component W of the message signal m(t) is much less than the carrier 

frequency. 

Then, under these conditions, the desired side band will appear in a non-overlapping interval in the 

spectrum in such a way that it may be selected by an appropriate filter.  

In designing the band pass filter, the following requirements should be satisfied: 

1. The pass band of the filter occupies the same frequency range as the spectrum of the desired SSB 

modulated wave. 

2. The width of the guard band of the filter, separating the pass band from the stop band, where the 

unwanted sideband of the filter input lies, is twice the lowest frequency component of the message 

signal. 

 

Figure No. 2.20: Frequency Discrimination Method block diagram  

Phase discrimination method  

1. The phase discriminator consists of two product modulators I and Q, supplied with carrier waves in-

phase quadrature to each other as shown in figure 2.21.  
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2. The incoming base band signal m(t) is applied to product modulator I, producing a DSBSC 

modulated wave that contains reference phase sidebands symmetrically spaced about carrier 

frequency fc.  

3. The Hil e t t a sfo  ˆ t  of t  is applied to p odu t odulator Q, producing a DSBSC 

modulated that contains side bands having identical amplitude spectra to those of modulator I, but 

with phase spectra such that vector addition or subtraction of the two modulator outputs results in 

cancellation of one set of side bands and reinforcement of the other set.  

4. The use of a plus sign at the summing junction yields an SSB wave with only the lower side band, 

whereas the use of a minus sign yields an SSB wave with only the upper side band. This modulator 

circuit is called Hartley modulator. 

 

Figure No. 2.21: Phase discrimination method block diagram  

Demodulation of SSB waves: 

Coherent detection: It assumes perfect synchronization between the local carrier and that used in the 

transmitter both in frequency and phase. The carrier signal which is used for generating SSBSC wave is 

used to detect the message signal. Hence, this process of detection is called as coherent or synchronous 

detection. Following is the block diagram of coherent detector. 

 

Figure No. 2.21: Coherent detection method block diagram  
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In this process, the message signal can be extracted from SSBSC wave by multiplying it with a coherent 

carrier and then the resulting signal is passed through a Low Pass Filter. The output of this filter is the 

desired message signal.  

Mathematical Analysis:  

S (t) = Am A /  Cos[ π fc−fm)t] 

The output of the local oscillator is 

c(t)=Ac Cos πfct) 

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) = 
� �� os[ π fc+fm)t]    Ac os πfct) 

V (t) = 
� ��4  os πfmt)   +   

� ��4  os[ π fc−fm)t] 

In the above equation, the first term is the scaled version of the message signal the scaling factor is 
��4 . It 

can be extracted by passing the above signal through a low pass filter.Therefore, the output of low pass 

filter is 

V0 (t)=
� ��4 os πfmt) 

Vestigial side band Modulation: 

Vestigial sideband is a type of Amplitude modulation in which one side band is completely passed along 

with trace or tail or vestige of the other side band. VSB is a compromise between SSB and DSBSC 

modulation. In SSB, we send only one side band, the bandwidth required to send SSB wave is w. SSB is not 

appropriate way of modulation when the message signal contains significant components at extremely low 

f e ue ies. To o e o e this V“B is used.The o d estige  ea s a pa t  f o  hi h, the a e is 

derived. 

VSBSC Modulation is the process, where a part of the signal called as vestige is modulated along with one 

sideband. The frequency spectrum of VSBSC wave is shown in the figure 2.37.Along with the upper 

sideband, a part of the lower sideband is also being transmitted in this technique. Similarly, we can 

transmit the lower sideband along with a part of the upper sideband. 
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Figure 2.22 Spectrum of VSB containing vestige of USB 

The vestige of the Upper sideband compensates for the amount removed from the Lower sideband. The 

bandwidth required to send VSB wave is 

B = w + fv 

Where fv is the width of the vestigial side band.  

Therefore, VSB has the virtue of conserving bandwidth almost as efficiently as SSB modulation, while 

retaining the excellent low-frequency base band characteristics of DSBSC and it is standard for the 

transmission of TV signals. 

Generation of VSB Modulated wave: 

To generate a VSB modulated wave, we pass a DSBSC modulated wave through a sideband-shaping filter. 

The modulating signal m(t) is applied to a product modulator. The output of the local oscillator is also 

applied to the other input of the product modulator.  

 

Figure 2.23 VSB modulator 

Mathematical Analysis: 

The output of the product modulator is then given by: 

P (t) =Ac Cos πfct) m(t) 

Apply Fourier transform on both sides 
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P (f) =Ac/ [M f−fc)+M(f+fc)] 

The above equation represents the equation of DSBSC frequency spectrum. 

Let the transfer function of the sideband shaping filter be H(f). This filter has the input p(t) and the output 

is  VSBSC modulated wave S(t).The Fourier transforms of p(t) and S(t) are P(f) and S(f) respectively. 

S(f)=P(f)H(f) 

Substitute P(f) in the above equation. 

S(f)=Ac/ [M f−fc)+M(f+fc)]H(f) 

The above equation represents the equation of VSBSC frequency spectrum. 

Demodulation of VSBSC 

Demodulation of VSBSC wave is similar to the demodulation of SSBSC wave. Here, the same carrier signal 

which is used for generating VSBSC wave is used to detect the message signal. Hence, this process of 

detection is called as coherent or synchronous detection. The VSBSC demodulator is shown in the figure 

2.24. 

In this process, the message signal can be extracted from VSBSC wave by multiplying it with a carrier, 

which is having the same frequency and the phase of the carrier used in VSBSC modulation. The resulting 

signal is then passed through a Low Pass Filter. The output of this filter is the desired message signal. 

 

Figure 2.24 Demodulation of VSB-SC signal 

Advantages of VSB 

1. The main advantage of VSB modulation is the reduction in bandwidth. It is almost as efficient as the 

SSB. 

2. Due to allowance of transmitting a part of lower sideband, the constraint on the filter has been 

relaxed. So practically, easy to design filters can be used. 
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3. It possesses good phase characteristics and makes the transmission of low frequency components 

possible. 

Application of VSB 

VSB modulation has become standard for the transmission of television signal. Because the video signal 

need a large transmission bandwidth if transmitted using DSB-FC or DSB-SC techniques. 

Comparison of amplitude modulation techniques: 

1. In commercial AM radio broadcast systems standard AM is used in preference to DSBSC or SSB 

modulation. 

2. Suppressed carrier modulation systems require the minimum transmitter power and minimum 

transmission bandwidth. Suppressed carrier systems are well suited for point –to-point 

communications. 

3. SSB is the preferred method of modulation for long-distance transmission of voice signals over 

metallic circuits, because it permits longer spacing between the repeaters. 

4. VSB modulation requires a transmission bandwidth that is intermediate between that required for 

SSB or DSBSC. 

5. DSBSC, SSB, and VSB are examples of linear modulation. In Commercial TV broadcasting; the VSB 

occupies a width of about 1.25MHz, or about one-quarter of a full sideband. 

6. In standard AM systems the sidebands are transmitted in full, accompanied by the carrier. 

Accordingly, demodulation is accomplished by using an envelope detector or square law detector. 

On the other hand in a suppressed carrier system the receiver is more complex because additional 

circuitry must be provided for purpose of carrier recovery.  

7.  Suppressed carrier systems require less power to transmit as compared to AM systems thus 

making them less expensive.  

8.  SSB modulation requires minimum transmitter power and maximum transmission band with for 

conveying a signal from one point to other thus SSB modulation is preferred. 

9.  VSB modulation requires a transmission band width that is intermediate of SSB or DSBSC.  

10. In SSB and VSB modulation schemes the quadrature component is only to interfere with the in 

phase component so that power can be eliminated in one of the sidebands. 
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