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COMMUNICATION SYSTEMS -I 

Communication  : It is the act of transmission of information. 

ELEMENTS OF A COMMUNICATION SYSTEM  

 TRANSMITTER 

 MEDIUM/CHANNEL: The physical medium that connects transmitter to receiver 

 RECEIVER 

The block diagram of a general communication is as under: 

 

The actual design varies from one system to another because of the fact 

that the communication methods vary, say from sign language, use of 

pigeons, letters, radio, TV,  

e-mails. The list is endless and so are the designs. 

Two basic   modes   of communication are: 

  POINT-TO-POINT :  A link between a single transmitter and a receiver  

(Telephony) 

    BROADCAST : A large number of receivers for a single transmitter. eg 

Radio and television 



www.physicsbeckons.wordpress.com 
 

physicswithikgogia Page 2 
 

BASIC TERMINOLOGY USED IN COMMUNICATION SYSTEMS : The following terms are 

commonly used in communication systems. So it important to know the same. 

Transducer:  Any device that converts one form of energy into another can be termed as a 

transducer. In electronic communication systems, we usually come across devices that have 

either their inputs or   outputs   in   the   electrical   form. 

A transducer may be defined as a device that converts some physical variable (pressure, 

displacement, force, temperature, etc.)  to corresponding variations in the electrical signal at its 

output Examples: Microphone; Speaker; TV or Computer screen etc.  

Signal:  The information converted in electrical form and suitable for transmission is called a 

signal. Signals can be either analog or digital. Analog signals are continuous variations of voltage 

or current. They are essentially single-value functions of time. 

Sound and picture signals in TV are analog in nature. 

Digital signals are those which can take only discrete stepwise values.  

Binary system that is extensively used in digital electronics employs just two levels of a signal. 

Noise: Noise refers to the unwanted signals that tend to disturb the transmission and 

processing of message signals in a communication system.  

The source generating the noise may be located inside or outside the system. 

Transmitter: A transmitter processes the incoming message   signal   so   as   to   make   it   

suitable   for transmission through a channel and subsequent reception. 

Receiver: A receiver extracts the desired message signals from the received signals at the 

channel output. 

Attenuation: The loss of strength of a signal while propagating   through   a   medium   is known 

as attenuation. 

Amplification: The process of increasing the amplitude (and consequently the intensity) of a 

signal using an electronic circuit is called amplification. 

Amplification is necessary to compensate for the attenuation of the signal in communication 

systems The energy needed for additional signal strength is obtained from a DC power source. 

Amplification is done at a place between the source and the destination wherever   signal 

strength becomes weaker than the desired strength 
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Range: It is the largest distance between a source and a destination up to which the signal is 

received with sufficient/detectable strength. 

Bandwidth: Bandwidth is to the frequency range over which equipment operates or the portion 

of the spectrum occupied by the signal. 

Modulation: The original low frequency message/information signal   cannot   be   transmitted   

to long distances. 

Therefore, at the transmitter,  information contained in the low frequency message signal is 

superimposed on a high frequency wave, which acts as a carrier  of the information. This 

process is known as modulation.  

Different types of modulation abbreviated as AM, FM and PM will be explained later. 

will be explained later 

Demodulation: The process of retrieval of information from carrier wave at the receiver is 

called demodulation. This is the reverse process of modulation. 

Repeater: Repeater is a combination of  receiver and transmitter. It picks up the signal from the 

transmitter, amplifies and retransmits it to the receiver. 

Sometimes a different carrier frequency is used for retransmission. Repeaters are used to 

increase the range of a communication. Example: A communication satellite. 

The use of repeater station to increasing the range of communication is illustrated below. 
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RECAP: 

 Distinguish between a transducer and a transponder. 

  Describe the role of modulator, repeater and amplifier in a communication system. 

 Name a device which is used both as a receiver as well as a transmitter. 

 What is the name given to a station used to increase the range of transmission of TV 

programmes?  

BANDWIDTH OF TRANSMISSION MEDIA: Different types of transmission media offer different 

bandwidths: 

a) Parallel wires – audio messages 20 kHz. 

b) Free space  - a few hundreds of kHz to a few GHz. 

c) Coaxial cable bandwidth of approximately 750 MHz; operated below 18 GHz. 

d) Optical fibre: 1 THz to 1000 THz (microwaves to ultraviolet). {Band Width >  100 GHz} 

The frequencies to be used by different transmission services i. e. Spectrum allocations are 

arrived at by an international agreement. The International Telecommunication Union (ITU) 

administers the present system of frequency allocations. 

FREQUENCY BANDS FOR IMPORTANT SERVICES 
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 RECAP: 

 Suggest a possible communication channel for transmission of a message 

signal which has a bandwidth of 5 MHz.  

 What is the bandwidth allocated for broadcasting a  (i)  radio programme 

(ii)  TV signal? 

 What is the range of frequencies allocated for commercial FM radio 

broadcast? 

PROPAGATION OF ELECTROMAGNETIC WAVES : 

In communication using radio waves, an antenna (transmitter) radiates  EM waves 

which travel through the space and reach the receiving antenna. 

The strength of the signal decreases with distance (attenuation). The propagation 

of EM waves is influenced by a no. of factors and the path they follow. 

DIFFERENT MODES OF PROPAGATION OF THE EM WAVES  

Ground wave: In this mode (also called surface wave propagation) , the wave 

glides over the surface of the earth inducing current in the ground over which it 

passes. It is attenuated due to absorption of energy by the earth. The attenuation 

in this mode increases very rapidly with increase in frequency. 

The maximum range depends on the power transmitted and frequency . Hence 

this mode is used only for frequencies below 1500 KHz. 

For high efficiency of energy radiation, the antennas  size should be comparable 

to  λ  (at least  λ/4). These antenna are located on or near the ground. 

In standard AM broadcast, ground based vertical towers are generally used as 

transmitting antennas. The ground has a strong influence on  propagation of the 

signal. At longer wavelengths (i.e. lower frequencies), the antennas have large 

physical size. Such very long antennas are unmanageable. 
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SKY WAVES: In the frequency range from a few MHz I. e. 3 to 40 MHz, long 

distance communication can be achieved by ionospheric reflection of radio waves 

back towards the earth.  The ionospheric layers act as a reflector for a certain 

range of frequencies (3 to 30 MHz) 

 This mode of propagation is called sky wave propagation and is used by short 

wave broadcast services and is shown below.. 

 

SPACE WAVE: The Space Wave is used for TV broadcast, microwave links and satellite 

communication. In this mode, the radio wave travels along straight path from transmitting 

antenna to the receiving antenna. 

The space waves are used for (1 Line-of-sight (LOS) communication (2 Satellite 

communication.    

 For frequencies > 40 MHz, communication is possible only along line-of-sight paths. Use of  

these higher frequencies results in decrease in  wave-length and hence the antenna size.  [As 

l=λ/4 the antenna size is also reduced and hence becomes  manageable]. 

The antenna is placed at height of many wavelengths above the ground 

In  line-of-sight propagation, the range of transmission is restricted by the curvature of the 

earth as is clear from the diagram below. 

To receive the signal beyond the horizon, the receiving antenna must be high enough to 

intercept the line-of-sight waves 

 

Line of sight communication by space waves 
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For an antenna with height hT, the range horizon dT of transmission is given by 

   √     

 where R is the radius of the earth (~ 6400 km).   

Note: dT is also called the radio horizon of the transmitting antenna. 

With receiving antenna of height hR   the maximum line-of-sight distance dM between the two 

antennas is given by 

 

Different modes of transmission used are depicted in the diagram below: 

 

 

VARIOUS PROPAGATION MODES OF EM WAVES 
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MODULATION AND ITS NECESSITY 

The purpose of a communication system is to transmit message signals (also 

called baseband signals). The signal is a band of frequencies originally 

delivered by the source of information. (Sound in case of radio program). 

 Generally a signal spreads over a range of frequencies called the signal 

bandwidth. Suppose the signal to be transmitted is electronic signals in the 

audio frequency (AF) range (baseband signal frequency less than 20 kHz). 

 Such a low frequency signal cannot be directly transmitted over a long 

distance due to the reasons that follow: 

Size of the antenna or aerial: For transmitting a signal efficiently, the 

antenna should have a size comparable to the wavelength of the signal (at 

least λ/4 in dimension).  Otherwise the antenna fails to sense the time 

variation of the signal. For an electromagnetic wave of frequency 20 kHz, the 

wavelength λ (=c/ν) is 15 km. So the antenna size required is about 4 km. Such 

a long antenna is not possible to construct and operate making direct 

transmission of such signals impractical.  

For antenna length to be reasonable, the signal frequency should be high (for 

example, if ν is  

3 MHz, then λ is 100 m) and transmission tower has to be 25m. Therefore, we 

need to translate the information in original low frequency baseband signal to 

higher radio frequencies before transmission. 

Effective power radiated by an antenna: 

 For a linear antenna the power radiated is proportional  to   
 

  
 .  

Hence the effective power radiated for a long wavelength baseband signal would 

be small. 
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So the same antenna length, the power radiated can be increased by decreasing  

λ or decreasing frequency.  

For high energy transmission and longer range, we need high powers. So the 

signal needs to be suitably modulated for high frequency transmission. 

Mixing up of signals from different transmitters: 

All baseband audio signals have frequencies between 20Hz to 20 KHz. Hence with 

many people talking at the same time or many transmitters sending information 

signals in same frequency range, the signals get mixed up at the receiving end. 

The receiver fails to distinguish between them.  

A possible solution is using communication at high frequencies and allotting a 

band of frequencies to each message signal before its transmission. Hence 

modulation of signals is essential. 

RECAP: 

 What is sky-wave and ground-wave propagation of radio-waves?  

 Why is communication over larger distance not possible using ground 

wave propagation? 

  Write any four factors which affect the design of a communication 

system.  

 Write three basic constituents of a communication system.  

 What is an antenna? Give a relation between the length ‘l’ of an 

antenna and the frequency ν of the carrier wave used. 

 Define Modulation. Describe three reasons to justify the need of 

modulation. [Very Important] 

 

 


