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COMMUNICATION SYSTEMS-II 

(In continuation with Part-I) 

MODULATING A SIGNAL  

TRANSMITTING SIGNALS : In order to transmit the original low frequency baseband message 

efficiently over long distances, the signal is superimposed on a high frequency wave known as 

the carrier wave. The process is known as modulation. 

Modulation may be defined as the process of superimposing the message signal on a suitable 

high frequency radio signal.  

The carrier wave may be continuous (sinusoidal) or digital (in the form of pulses) as shown. 

 

A sinusoidal carrier wave can be represented as 

                           C(t) = Ac sin (ωct +φ)               

where A c is amplitude;  ωc is the frequency and Ф the initial phase. 

During the process of modulation, any of the three parameters, viz Amplitude; Frequency or 

Phase of the carrier wave can be controlled by the message. 



www.physicsbeckons.wordpress.com 
 

physicswithikgogia Page 2 
 

 

Hence there are three types of modulation: 

  Amplitude modulation (AM),  

  Frequency modulation (FM)  

  Phase modulation (PM). 

Diagrammatic Representation  [Modulation of a carrier wave] 

(a) sinusoidal carrier wave (b) a modulating signal (c) amplitude modulation 

(d) Frequency modulation (e) phase modulation 

MODULATION USING DIGITAL CARRIER WAVE 

The significant characteristics of a pulse are: 

pulse amplitude, 

• pulse duration or pulse Width 

• pulse position (denoting the time of rise or  fall of the pulse amplitude)  

Hence, different types of pulse modulation are:  

(a) pulse amplitude modulation (PAM), 

(b) pulse duration modulation (PDM) or pulse width modulation (PWM), 

(c) pulse position modulation (PPM). [Depicted in the diagram below] 
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Types of pulse modulation 

AMPLITUDE MODULATION 

In amplitude modulation the amplitude of the carrier is varied in accordance with the 

information signal. 

Let c(t) = Ac sin ωc t represent carrier wave  

and       m(t) = Am sin ωmt represent the message or the modulating signal where ωm (= 2πfm) is 

the angular frequency of the message signal. 

The modulated signal  Cm(t ) can be written as

 

 This modulated signal now contains the message signal and can be written as:

 

 Here μ = Am/Ac is the modulation index.  

Remember: μ should be kept ≤1 to avoid distortion in communication. 

 

 

http://images.tutorvista.com/cms/images/83/pulse-modulation.PNG
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Using the trigonometric relation sinA sinB = ½ {cos(A – B) – cos (A + B)}; we can write

 
Here ωc – ωm and ωc+ ωm are respectively called the lower side band and upper side band 

frequencies. The modulated signal now consists of the carrier wave of frequency ωc & two 

sinusoidal waves each with a frequency slightly different from ωc , known as SIDE BANDS.  

The frequency spectrum of the amplitude modulated signal is shown 

          

                           GRAPH OF AMPLITUDE v/s ω FOR AN AM SIGNAL 

In order to avoid interference; the carrier frequencies of different stations must be well spaced 

so that the sidebands do not overlap. 

PRODUCTION OF AMPLITUDE MODULATED WAVE: 

Amplitude modulation can be produced by a variety of methods. A conceptually simple method 

is shown in the block diagram. 

BLOCK DIAGRAM:  AMPLITUDE MODULATOR 
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The modulating signal Am sin ωmt is added to the carrier signal Ac sin ωct to produce the signal. 

  x(t) = Am sinωmt + Ac sinωct  

This signal is passed through a square law device. 

The output y(t) from the square law device is 

                             Y(t) = B x(t) + C x2 (t). 

where B and C are constants. 

Hence, we get 

Y(t)=BAm sinωmt +BAc sin ωct +C[ Am
2 sin2 ωmt+Ac

2 sin2 ωct     +2AmAcsin ωmt sin ωct ] 

       = BAm sinωmt +BAc sin ωct + CAm
2 /2 + CAc

2 /2  

- CAm
2 /2 cos2 ωmt - CAc

2 /2 cos 2 ωct + CAmAc cos (ωc  _ωm)t –CAmAccos (ωc  + ωm)t. 

The output from the square law device contains a D C term C/2 (Am
2 + Ac

2 ) and sinusoids of 

frequencies ωm, 2 ωm, ωc, 2 ωc, ωc – ωm and ωc + ωm. 

This signal is passed through a band pass filter* which rejects dc and the sinusoids of 

frequencies ωm , 2 ωm and 2 ωc and retains the frequencies ωc, ωc – ωm and ωc + ωm. 

The output is an Amplitude Modulated wave centered at ωc   with sidebands ωc – ωm   

and ωc + ωm. 

The modulated signal cannot be transmitted as such. It is strengthened by a power amplifier 

which provides the necessary power before the modulated signal is fed to an antenna of 

appropriate size for radiation.

Block diagram of a transmitter. 
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DETECTION OF AMPLITUDE MODULATED WAVE: 

 

The transmitted message gets attenuated in propagating through the channel. The receiving 

antenna is therefore to be followed by an amplifier and a detector. 

The modulated signal received by the antenna is amplified and is generally changed  to a lower 

intermediate lower frequency stage (I F) before being fed to a detector.  

Detection is the process of recovering the modulating signal from the modulated carrier wave. 

The modulated carrier wave contains the frequencies ωc-ωm, ωc and ωc+ωm. 

In order to obtain the original message signal m(t ) of angular frequency ωm,  we use a simple 

method illustrated with the help of  a block diagram given below. 

BLOCK DIAGRAM OF A DETECTOR FOR AM SIGNAL 

The modulated signal {shown as (a) in the above figure} is passed through a rectifier to produce 

the output shown in (b). The envelope of signal (b) is the message signal.  
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In order to retrieve m(t ), the signal is passed through an envelope detector which filters the 

high frequency carrier wave  ( the filter may consist of a simple RC circuit) allowing only the 

message to pass. 

 This message signal is further amplified and fed to a suitable detector for reproduction of the 

original message. 

RECAP: 

  A carrier wave with peak voltage 20 V is used to transmit a message signal. What should 

be the peak voltage of the modulating signal in order to have a modulation index of 

60%? 

 Represent the modulating signal, carrier wave and amplitude modulated wave 

diagrammatically. 

 Distinguish between frequency modulation and amplitude modulation. Why is FM signal 

less susceptible to noise than AM signal? Represent the variation of power carried by a 

signal with wavelength of the carrier signal. A carrier wave Ec = 10 sin 6.28 x 106 t is used 

to transmit an audio signal Em = 6 sin 6.28 x 103 t. What will be the 

(i) central frequency of the carrier wave (ii) side frequency in the amplitude modulated 

wave? (iii) modulation index.     

           

  

 

 

 

 

 

 

 

 


