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Abstract 

This paper gives a brief review about modulation. The term modulation means the variation of carrier signal 

parameters (mainly amplitude, frequency or phase.) with respect to changing value of message signal with time. 

Depending on the type of parameter changed modulation may be broadly classified into three categories mainly 

amplitude modulation (if amplitude of the carrier signal is varied), frequency modulation (if frequency of the 

carrier is varied) and phase modulation (if the phase of the carrier is varied) .In this paper, we will discuss these 

categories, their mathematical equations, calculation of power, bandwidth and the advantages of each type of 

modulation, need of modulation, etc. 

 

1) Introduction 

The main focus of this paper is understanding the term modulation, its necessity, various types, advantages etc. 

Modulation is a technique in which message signal is transmitted to the receiver with the help of carrier signal. 

Here in modulation, we combine both carrier signal and message signal. You may get the doubt that what is the 

need of modulation. Just imagine that you have a paper which contains the message and you would like to send 

it to your friend standing 40 feet from your place. You can’t just through the paper to your friend because paper 

will not travel that much distance but if you take small stone and cover the paper with it and through it to your 

friend, it will definitely reach the target. In the same way, we need a carrier signal to transmit our message. 

Sometimes, message signal is also called as modulating signal. 

2) Amplitude Modulation 

In the amplitude modulation, amplitude of carrier signal wave is varied in accordance with the modulating or 

message signal by keeping the phase and frequency of the signals constant. The carrier signal frequency would 

be greater than the modulating signal frequency. Amplitude modulation is first type of modulation used for 

transmitting messages for long distances by the mankind.  

The AM radio ranges in between 535 to 1705 kHz which is great. But when compared to frequency modulation. 

Bandwidth of amplitude modulation should be twice the frequency of modulating signal or message signal 
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2.1) MATHEMATICAL EQUATION (AM) 

A carrier is described by  

 v  =  VcSin( ωc t + θ)  

To amplitude modulate the carrier its amplitude is changed in accordance with the level of the audio signal, 

which is described by  

 v  =  Vm Sin (ωm t) 

  

The amplitude of the carrier varies sinusoidally about a mean of Vc. When the carrier is modulated its amplitude 

is varied with the instantaneous value of the modulating signal. The amplitude of the variation of the carrier 

amplitude is Vm and the angular frequency of the rate at which the amplitude varies is ωm. The amplitude of the 

carrier is then: 

Carrier amplitude = Vc + Vm Sin (ωm t) 

And. the instantaneous value (value at any instant in time) is  

v           =            {Vc + Vm Sin (ωm t)} * Sin (ωc t)      Eqn. 1 

 = Vc Sin (ωc t) + Vm Sin ( ωm t ) * Sin ( ωc t ) 

 

Using Sin A * Sin B = ½ Cos (A - B) - ½ Cos (A + B) this becomes  

Eqn. 2 

v  =  Vc Sin ( ωc t ) + ½ Vm Cos ( (ωc - ωm) t ) - ½ Vm Cos ((ωc + ωm)t)  

 

This is a signal made up of 3 signal components 

• carrier at    ωc (rad/s)   Frequency is fc = ωc/2π Hz 

• upper side frequency  ωc + ωm (rad/s)  Frequency is  (ωc + ωm)/2π = fm + fc Hz 

• lower side frequency  ωc - ωm  (rad/s)  Frequency is  (ωc - ωm)/2π = fm - fc Hz 

The bandwidth (the difference between the highest and the lowest frequency) is  

BW = (ωc + ωm ) - (ωc - ωm) = 2 * ωm Rad/s   ( = ωm/π Hz) 
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The spectrum of these signals is shown. This is described as the signal in the frequency domain, as opposed to 

the signal in the time domain. In this case the audio signal is made up of a single frequency.  

2.2) POWER IN AN AM WAVEFORM 

Assume that the AM signal is dissipated in a load of R Ω. The total power dissipated will be the sum of the 

powers in all of the components of the signal. 

The power in the carrier will be 

 Pc  =  
Vc

2

R
  Watts 

The power in each of the frequencies is Ps = 
(mVc/2)

2

R
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m2

4
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The maximum value for m is 1.0. This means that at most only 1/3 of the power in the signal will be contained 

in the sidebands. All of the audio information is contained in either one of the sidebands, so that, in effect, only 

one sixth of the power (16.7%) is used to carry information. The remainder of the signal can in some respects be 

considered to be redundant! 

2.3) ADVANTAGES OF AM 

• Because of amplitude modulation wavelength, AM signals can propagate longer distances. 

• For amplitude modulation, we use simple and low cost circuit; we don’t need any special equipment and 

complex circuits that are used in frequency modulation. 

• The Amplitude modulation receiver will be wider when compared to the FM receiver. Because, atmospheric 

propagation is good for amplitude modulated signals. 

• Bandwidths limit is also big advantage for Amplitude modulation, which doesn’t have in frequency 

modulation. 

• Transmitter and receiver are simple in Amplitude modulation. When we take a demodulation unit of AM 

receiver, it consists of RC filter and a diode which will demodulate the message signal or modulating signal 

from modulated AM signal, which is unlike in Frequency modulation. 

• Zero crossing in Amplitude modulation is equidistant. 

 

3) Frequency Modulation (Fm) 

The process of carrier signal frequency is varied according to the message signal or modulation signal frequency 

by keeping the amplitude constant is called frequency modulation. 

Amplitude (V)
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3.1) MATHEMATICAL EQUATION (FM) 

Recall that a general sinusoid is of the form: 

 

Frequency modulation involves deviating a carrier frequency by some amount. If a sine wave is used to 

deviate the carrier, the expression for the frequency at any instant would be: 

 

Where, 

 Instantaneous frequency 

Carrier frequency 

Carrier deviation 

 Modulation frequency 

This expression describes a signal varying sinusoidally about some average frequency. However, we cannot 

simply substitute this expression into the general equation for a sinusoid to get the FM equation. This is because 

the sine operator acts on angles, not frequency. Therefore, we must define the instantaneous frequency in terms 

of angles. 

It should be noted that the modulation signal amplitude governs the amount of carrier deviation while the 

modulation signal frequency governs the rate of carrier deviation. 

The term    is an angular velocity (radians per second) and is related to frequency and angle by the following 

relationship: 

 

 

To find the angle, we must integrate  with respect to time: 

 

We can now find the instantaneous angle associated with the instantaneous frequency: 
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This angle can now be substituted into the general carrier signal to define FM: 

 

The FM modulation index is defined as the ratio of the carrier deviation to modulation frequency: 

 

Consequently, the FM equation is often written as: 

 

 

 

BESSEL’S FUNCTION 

This is a very complex expression and it is not readily apparent what the sidebands of this signal are like. The 

solution to this problem requires a knowledge of Bessel's functions of the first kind and order p. In open form, it 

resembles: 

 

Where, 

 Magnitude of the frequency component 

 Side frequency number (not to be confused with sidebands) 

 Modulation index 

The equation for the transmitted power in a sinusoid is a fundamental equation.  

 

3.2)  POWER OF AN FM WAVEFORM 

Since the value of the amplitude of the sine wave in FM does not change, the transmitted power is a constant. As 

a general rule, for a sinusoid with a constant amplitude, the transmitted power can be found as follows: 

 

Where A is the amplitude of the sine wave, and RL is the resistance of the load. In a normalized system, we 

set RL to 1. 

The Bessel coefficients can be used to determine the power in the carrier and any side frequency: 
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 = the power in the unmodulated carrier. 

 i= the total power and is by definition equal to the unmodulated carrier power. 

As the modulation index varies, the individual Bessel coefficients change and power is redistributed 

from the carrier to the side frequencies. 

3.3)  ADVANTAGES OF FM 

• Frequency modulation has more noise resistivity when compared to other modulation techniques. That’s 

why they are mainly used in broadcasting and radio communications. 

• The frequency modulation is having greater resistance to rapid signal strength variation, which we will use 

in FM radios even while we are travelling and frequency modulation is also mainly used in mobile 

communication purposes. 

• For transmitting messages in frequency modulation, it does not require special equipment’s like linear 

amplifiers or repeaters and transmission levels or higher when compared to other modulation techniques. It 

does not require any class C or B amplifiers for increasing the efficiency. 

• Transmission rate is good for frequency modulation when compared to other modulation that is frequency 

modulation can transmit around 1200 to 2400 bits per second. 

• Frequency modulation has a special effect called capture effect in which high frequency signal will capture 

the channel and discard the low frequency or weak signals from interference. 

 

4) Phase Modulation 

Phase modulation is defined as the process in which the instantaneous phase of the carrier signal is varied in 

accordance with the instantaneous amplitude of the modulating signal. In this type of modulation, the amplitude 

and frequency of the carrier signal remains unaltered after PM. The modulating, signal is mapped to the carrier 

signal in the form of variations in the instantaneous phase of the carrier signal. 
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4.1) MATHEMATICAL EQUATION (PM) 

To derive the equation of a PM wave, it is convenient to consider the modulating signal as a pure sinusoidal 

wave. The carrier signal is always a high frequency sinusoidal wave. Consider the modulating signal, em and 

the carrier signal ec,    as given by, equation 1 and 2, respectively. 

em = Em cos ωm t ------------(1) 

ec = Ec sin ωc t ---------------(2) 

The initial phases of the modulating signal and the carrier signal are ignored in Equations (1) and (2) because 

they do not contribute to the modulation process due to their constant values. After PM, the phase of the carrier 

will not remain constant. It will vary according to the modulating signal em maintaining the amplitude and 

frequency as constants. Suppose, after PM, the equation of the carrier is represented as: 

e = Ec Sin θ ------------------(3) 

Where θ, is the instantaneous phase of the modulated carrier, and sinusoid ally varies in proportion to the 

modulating signal. Therefore, after PM, the instantaneous phase of the modulated carrier can be written as: 

θ = ωc t + Kp em -------------------(4) 

Where, kp is the constant of proportionality for phase modulation. 

Substituting Equation (1) in Equation (4), yon get: 

θ = ωc t + Kp Em Cos ωm t --------------------- (5) 

In Equation (5), the factor, kpEm is defined as the modulation index, and is given as: 

mp = Kp Em ------------------------ (6) 

Where, the subscript p signifies; that mp is the modulation index of the PM wave. Therefore, equation (5) 

becomes  

θ = ωc t + mp Cos ωm t ---------------------(7) 

Substituting Equation (7) and (3), you get: 

e = Ec sin (ωct + mp cos ωmt) --------------------(8) 

Equation (8) is the final expression of the PM wave. 

4.2) ADVANTAGES OF PHASE MODULATION 

The main advantage of phase modulation is that it has less interference from static, which is why we use this 

type of modulation in finding out the speed or velocity of a moving object. In frequency modulation, we 

cannot find out the velocity of moving object. 

 

5) Conclusion 

From the above guide we can clearly make out and conclude that “Modulation is a process of message signal 

and modulating is varied according to the carrier signal for transmission purpose. The message signal can varied 
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in accordance to the carrier signal that is in terms of angular or amplitude. So we are modulating the signal.” 

And, also on the basis of power transmission frequency modulation is a better option. 
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