
Communication is the process of exchanging information. People communicate to convey their 
thoughts, ideas, and feelings to others. The process of communication is inherent to all human life 
and includes verbal, nonverbal (body language), print, and electronic processes

Human communication took a dramatic leap forward in the late nineteenth century when 
electricity was discovered and its many applications were explored. The telegraph was invented in 
1844 and the telephone in 1876. Radio was discovered in 1887 and demonstrated in 1895.

Well-known forms of electronic communication, such as the telephone, radio, TV, and the Internet, 
have increased our ability to share information. The way we do things and the success of our work 
and personal lives are directly related to how well we communicate.

The Significance of Human Communication

2. Radio Communication

i) Basics of Communication



Communication Systems

All electronic communication systems have a transmitter, a communication channel or medium, and a receiver.
These basic components are shown in Figure.
The process of communication begins when a human being generates some kind of message, data, or other
intelligence that must be received by others. A message may also be generated by a computer or electronic
current. In electronic communication systems, the message is referred to as information, or an intelligence
signal. This message, in the form of an electronic signal, is fed to the transmitter, which then transmits the
message over the communication channel.
The message is picked up by the receiver and relayed to another human. Along the way, noise is added in the
communication channel and in the receiver. Noise is the general term applied to any phenomenon that degrades
or interferes with the transmitted information.



Transmitter The transmitter itself is a collection of electronic components and circuits designed to 
convert the electrical signal to a signal suitable for transmission over a given 
communication medium. 
Transmitters are made up of oscillators, amplifiers, tuned circuits and filters, modulators, 
frequency mixers, frequency synthesizers, and other circuits. 

Communication Channel

The communication channel is the medium by which the electronic signal is sent from one 
place to another. 
Many different types of media are used in communication systems, including wire 
conductors, fiber-optic cable, and free space.

Although the most widely used media are conducting cables and free space (radio), other types of media 
are used in special communication systems. 
For example, in sonar, water is used as the medium. 
Passive sonar “listens” for underwater sounds with sensitive hydrophones. 
Active sonar uses an echo-reflecting technique similar to that used in radar for determining how far away 
objects under water are and in what direction they are moving.



Receivers A receiver is a collection of electronic components and circuits that accepts the transmitted 
message from the channel and converts it back to a form understandable by humans. 
Receivers contain amplifiers, oscillators, mixers, tuned circuits and filters, and a demodulator 
or detector that recovers the original intelligence signal from the modulated carrier

Transceivers

Most electronic communication is two-way, and so both parties must have both a transmitter 
and a receiver. As a result, most communication equipment incorporates circuits that both 
send and receive. These units are commonly referred to as transceivers.
Telephones, handheld radios, cellular telephones, and computer modems are examples of 
transceivers. 

Attenuation Signal attenuation, or degradation, is inevitable no matter what the medium of 
transmission. Attenuation is proportional to the square of the distance between the 
transmitter and receiver.
Thus considerable signal amplification, in both the transmitter and the receiver, is required 
for successful transmission. 

Noise Noise is mentioned here because it is the irritation of all electronic communications. Its effect 
is experienced in the receiver part of any communications system. 
While some noise can be filtered out, the general way to minimize noise is to use 
components that contribute less noise and to lower their temperatures.



Types of Electronic Communication

Electronic
communications

2) Analog or digital 
signals

1) One-way (simplex) or 
Two-way (full duplex or half 
duplex) transmissions 

Simplex simplest way in which electronic 
communication is conducted is one-way 
communications, normally referred to as 
simplex communication. 
The most common forms of simplex 
communication are radio and TV 
broadcasting. 
Another example of one-way communication 
is transmission to a remotely controlled 
vehicle like a toy car or an unmanned aerial 
vehicle (UAV or drone).



Full Duplex

The bulk of electronic communication is two-way, or duplex 
communication. 
For example, people communicating with one another over 
the telephone can talk and listen simultaneously. 

Half Duplex The form of two-way communication in which only one party 
transmits at a time is known as half duplex communication. 
The communication is two-way, but the direction alternates: 
the communicating parties take turns transmitting and 
receiving. 

Most radio transmissions, such as those used in the military, 
fire, police, aircraft, marine, and other services, are half duplex 
communication. 
Citizens band (CB), Family Radio, and amateur radio 
communication are also half duplex.



Analog Signals

An analog signal is a smoothly and continuously varying voltage or current. 
A sine wave is a single-frequency analog signal. 
Voice and video voltages are analog signals that vary in accordance with the sound or light variations that 
are analogous to the information being transmitted.

Digital Signals

Digital signals, in contrast to analog signals, do not vary continuously, but change in steps or in discrete 
increments. Most digital signals use binary or two-state codes. 
The telegraph used Morse code, with its system of short and long signals (dots and dashes) to designate letters 
and numbers.
Data used in computers is also digital. Binary codes representing numbers, letters, and special symbols are 
transmitted serially by wire, radio, or optical medium.
The most commonly used digital code in communications is the American Standard Code for Information 
Interchange (ASCII, pronounced “ask key”).



Modulation Modulation is electronic techniques for transmitting information efficiently from one 
place to another. Modulation makes the information signal more compatible with 
the medium,. Modulation techniques is basic to electronic communication.

Modulation is defined as the process of superimposing a low-frequency signal on a 
high-frequency carrier signal.

Baseband Transmission

In a communication system, baseband information signals can be sent directly and 
unmodified over the medium or can be used to modulate a carrier for transmission 
over the medium. 
Putting the original voice, video, or digital signals directly into the medium is referred 
to as baseband transmission. 

Regardless of whether the original information or intelligence signals are analog or 
digital, they are all referred to as baseband signals



Broadband Transmission

Modulation is the process of having a baseband voice, video, or digital signal modify another, higher-
frequency signal, the carrier. The process is illustrated in Figure below. 
The information or intelligence to be sent is said to be impressed upon the carrier. The carrier is usually a 
sine wave generated by an oscillator. The carrier is fed to a circuit called a modulator along with the 
baseband intelligence signal. 
The intelligence signal changes the carrier in a unique way. The modulated carrier is amplified and sent to 
the antenna for transmission. This process is called broadband transmission



Noise Noise is an electronic signal that is a mixture of many random frequencies at many amplitudes 
that gets added to a radio or information signal as it is transmitted from one place to another 
or as it is processed. Noise is not the same as interference from other information signals

The noise level in a system is proportional to temperature and bandwidth, and to the amount 
of current fl owing in a component, the gain of the circuit, and the resistance of the circuit. 
Increasing any of these factors increases noise.

Noise can be external to the receiver or originate within the receiver itself. Both types are found in all 
receivers, and both affect the signal to noise ratio.

The signal-to-noise (S/N) ratio, also designated SNR, indicates the relative strengths of the 
signal and the noise in a communication system. 
The stronger the signal and the weaker the noise, the higher the S/N ratio. 
If the signal is weak and the noise is strong, the S/N ratio will be low and reception will be 
unreliable. Communication equipment is designed to produce the highest feasible S/N ratio. 
Signals can be expressed in terms of voltage or power.

Signal-to-Noise Ratio (SNR)



External Noise External noise comes from sources over which we have little or no control— industrial, 
atmospheric, or space. Regardless of its source, noise shows up as a random ac voltage 
and can be seen on an oscilloscope. 
The amplitude varies over a wide range, as does the frequency. One can say that noise in 
general contains all frequencies, varying randomly. This is generally known as white noise. 

Atmospheric noise and space noise are a fact of life and simply cannot be eliminated. 
Some industrial noise can be controlled at the source, but because there are so many 
sources of this type of noise, there is no way to eliminate it. 
The key to reliable communication, then, is simply to generate signals at a high enough 
power to overcome external noise. In some cases, shielding sensitive circuits in metallic 
enclosures can aid in noise control

Internal Noise Electronic components in a receiver such as resistors, diodes, and transistors are 
major sources of internal noise. 
Internal noise, although it is low level, is often great enough to interfere with weak 
signals. 
The main sources of internal noise in a receiver are thermal noise, semiconductor 
noise, and intermodulation distortion. Since the sources of internal noise are well 
known, there is some design control over this type of noise



Advantages of Modulation
1.Reduction in the height of antenna
2.Avoids mixing of signals
3.Increases the range of communication
4.Multiplexing is possible
5.Improves quality of reception

1. Reduction in the height of antenna
For the transmission of radio signals, the antenna height must be multiple of λ/4 ,where λ is the wavelength .

λ = c /f
where c : is the velocity of light f: is the frequency of the signal to be transmitted
The minimum antenna height required to transmit a baseband signal of f = 10 kHz is calculated as follows :

The antenna of this height is practically impossible to install .
Now, let us consider a modulated signal at f = 1 MHz . The minimum antenna height is given by,

This antenna can be easily installed practically . Thus, modulation reduces the height of the antenna .



2. Avoids mixing of signals
If the baseband sound signals are transmitted without using the modulation by more than one transmitter, then all the signals will be in the same frequency range i.e. 0 to

20 kHz . Therefore, all the signals get mixed together and a receiver can not separate them from each other .

Hence, if each baseband sound signal is used to modulate a different carrier then they will occupy different slots in the frequency domain (different channels). Thus,

modulation avoids mixing of signals .

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 transmitted . They get heavily attenuated .

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

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

4. Multiplexing is possible
Multiplexing is a process in which two or more signals can be transmitted over the same communication channel simultaneously .

This is possible only with modulation.

The multiplexing allows the same channel to be used by many signals . Hence, many TV channels can use the same frequency range, without getting mixed with each

other or different frequency signals can be transmitted at the same time .



ii) Amplitude Modulation
What is Modulation?

The amplitude of the baseband signal is transferred to the high-frequency carrier. 
Therefore, modulation can be defined as the process of superimposing a low-
frequency signal on a high-frequency carrier signal. Or

Modulation is the process of varying one or more properties of a carrier signal with 
the information signal.

Baseband signals are the band of frequencies representing the original signal. This is 
the signal to be transmitted to the receiver. The frequency of such a signal is usually 
low. 
The other signal involved in this is a high-frequency sinusoidal wave. This signal is 
called the carrier signal. The frequency of the carrier signals is almost always higher 
than that of the baseband signal. 



The two most common methods of modulation are 
amplitude modulation (AM) and frequency modulation (FM). 

Both techniques are used in broadcasting, telecommunications, and various other applications.

Amplitude modulation involves two kinds of waves.

•A carrier wave is a high-frequency wave
•A signal wave is a low-frequency wave that possesses the information

It is a kind of modulation where 
the amplitude of the carrier 
signal is changed in proportion to 
the message signal while the 
phase and frequency are kept 
constant.

Amplitude Modulation



Disadvantage of Amplitude modulation 

Amplitude modulation systems are susceptible to noise generation. 
This deteriorates the quality of the original signal at the receiving end and causes problems in the quality 
of the signal. 
This limits the applications of Amplitude Modulation to Radios, VHF, and systems used for one to one 
communications only.

Advantages of Amplitude Modulation

•The cost of amplitude modulation is low.
•Amplitude modulated signals are reflected by the earth from the ionosphere layer.
•Thus, they travel a long distance and cover a wider area.
•Required carrier frequency is low.
•It requires a simple transmitter and receiver
•Thus transmission and reception of an audio signal are less cumbersome.
•Demodulation of amplitude-modulated signals is less complex due to the use of a circuit having few 
components.



To produce AM wave, a carrier signal of frequency fc is mixed with another low frequency modulating signal of frequency fm in a circuit known 

as amplitude modulator.

Suppose carrier signal is given by –
ec = Vc.sin(ωc).t … (1)

And the modulating signal is given by –
em = Vm.sin(ωm).t … (2)

Now when they are mixed in amplitude modulator circuit, AM wave is produced. The peak amplitude of this AM wave is given by –
A = Vc + em = Vc + Vm.sin(ωm).t … (3)

Now let ‘m’ be the ratio of peak amplitude of modulating signal to peak amplitude of carrier signal. The value of ‘m’ is known as modulation 

index –

m = Vm / Vc i.e. Vm = m.Vc

Putting this value of Vm in equation (3), we get –
A = Vc + m.Vc.sin(ωm).t = Vc (1 + m.sin(ωm).t ) … (4)

Now the equation of AM wave is given by –
emod = A.sin(ωc).t … (5)

where, emod = instantaneous amplitude of amplitude modulated (AM) wave



Putting the value of equation (4), in equation (5), we get –

emod = (Vc (1 + m.sin(ωm).t )).sin(ωc).t … (6)

By solving equation (6), we get –

emod = Vc.sin(ωc).t + m.Vc ((sin(ωc).t ).(sin(ωm).t )) … (7)

Applying trigonometric rule, finally we get –

(sin(x).sin(y)) = ½ sin(x – y) – ½ sin(x + y). 

So applying this rule to equation (7), finally we get –

The final equation of AM wave



Bandwidth of AM Wave

The above given final equation of AM wave consists of three components –
Original i.e. unmodulated carrier frequency: ωc = 2π.fc

The Lower Side Band (LSB): ωc –ωm = 2π.( fc – fm )

And the Upper Side Band (USB): ωc +ωm = 2π.( fc + fm )



Modulation index (m)
It is defined as the ratio of peak amplitude of modulating signal to the peak amplitude of carrier signal.

m = Vm / Vc

Percentage modulation (M)
When modulation index ‘m’ is multiplied with 100, that is expressed in percentage, it is called as percentage modulation M.

M = m × 100 = ( Vm / Vc ) × 100

Frequency domain analysis of AM Wave. The difference of USB and LSB is called as the bandwidth –

BW = (2π.( fc + fm )) – (2π.( fc – fm )) = 2fm



In this modulation the frequency of 
the carrier signal is altered in 
proportion to the message signal 
while the phase and amplitude are 
kept constant is called frequency 
modulation.

Frequency Modulation



Mathematical Derivation of Frequency Modulation Equation
Let the sinusoidal modulating voltage the given by the expression,











What Is Demodulation?

Demodulation is defined as extracting the original information-carrying signal from a modulated carrier 
wave. 
A demodulator is an electronic circuit that is mainly used to recover the information content from the 
modulated carrier wave. 
There are different types of modulation, and so are demodulators. The output signal via a demodulator 
may describe the sound, images, or binary data.



Amplitude Shift Keying  (ASK)

A digital modulation technique 

in which the amplitude of the 

carrier wave is altered 

according to the modulating 

signal (bitstream) is known 

as Amplitude Shift Keying 

(ASK). It is the easiest and 

straightforward digital 

modulation scheme.

ASK is sometimes known 

as On-Off keying because the 

carrier wave swings between 0 

and 1 according to the low and 

high level of input signal 

respectively.

https://electronicscoach.com/modulation.html


Frequency Shift Keying  (FSK)

A digital modulation 

technique that allows data 

transmission by changing 

the frequency of the carrier 

wave according to the 

digital modulating signal is 

known as frequency shift 

keying (FSK).

It is the most 

straightforward and 

efficient digital signal 

transmission scheme.

The figure below shows the binary frequency shift keying technique:



Phase Shift Keying  (PSK)

Phase Shift Keying is a 
type of digital modulation 
technique where we 
transmit the data by 
modulating the phase of 
the carrier signal. The 
modulation is carried out 
by changing the inputs at 
regular intervals of time.

Here we use finite phases 
and each of these phases 
can be represented by a 
unique pattern of bits.

https://www.watelectronics.com/what-is-delta-modulation-working-and-its-advantages/


Pulse-Amplitude Modulation (PAM)

A modulation technique in which the 

amplitude of the pulsed carrier signal is 

changed according to the amplitude of the 

message signal is known as Pulse 

Amplitude Modulation (PAM).

Simply put, the transmission of data takes 

place by the variation of the amplitude of 

pulse according to the modulating signal.

https://electronicscoach.com/modulation.html


Pulse-Width Modulation (PWM) A modulation technique where the width of the pulses 

of the pulsed carrier wave is changed according to 

the modulating signal is known as Pulse Width 
Modulation (PWM).



Pulse-Position  Modulation (PPM)

A modulation technique that 

allows variation in the position of the 

pulses according to the amplitude of 

the sampled modulating signal is 

known as Pulse Position Modulation 
(PPM).



Pulse-Position  Modulation (PCM)

A technique by which analog signal gets 

converted into digital form in order to 

have signal transmission through a digital 

network is known as Pulse Code 

Modulation. It is abbreviated as PCM.

PCM systems are basically signal coders 

also known as waveform coders. PCM 

allows the representation of the 

continuous time message signal as a 

sequence of binary coded pulses. The 

binary form permits only 2 probable 

states i.e., 0 and 1.




