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COMMUNICATION SYSTEM



PROPAGATION OF 
ELECTROMAGNETIC WAVES

• In communication using radio waves, 
an antenna at the transmitter radiates 
the Electromagnetic waves (em
waves), which travel through the 
space and reach the receiving antenna 
at the other end.

• As the em wave travels away from the 
transmitter, the strength of the wave 
keeps on decreasing. Several factors 
influence the propagation of em
waves and the path they follow.
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What is Radio Wave Propagation?
To understand the meaning of ground wave propagation, it is important to know the meaning of radio wave
propagation. Radio wave propagation is the behaviour of radio waves as they propagate from one point to
another or into various parts of the atmosphere.

These waves propagation can be classified depending upon the frequencies as:
•Ground waves propagation
•Skywave propagation
•Free space propagation

What is Ground Wave Propagation?
Ground wave propagation is a type of radio propagation which is also known as a surface wave. These waves 
propagate over the earth’s surface in low and medium frequencies. These are mainly used for transmission 
between the surface of the earth and the ionosphere. These are made up of the number of constituent waves.
The reason why it is known as a ground wave is that it is the sum of the waves that are reflected by the earth’s 
surface or any hills. The waves follow the curvature of the earth, enabling them to cover beyond the horizon. 
Beyond the horizon, the waves get blocked by the curvature of the earth and the signals are produced by the 
diffracted surface wave.

https://byjus.com/physics/s-waves/


Advantages of Ground Wave Propagation
•These waves have the tendency to bend around the corners or obstructions during propagation which makes 
them more efficient and also these are not affected by the change in atmospheric conditions.

Disadvantages of Ground Wave Propagation
•High-frequency waves cannot be transmitted as the energy losses are more because of the absorption of 
energy in the earth’s atmosphere.
•These are used to cover short ranges and also involves attenuation of waves as they interact with the eddy 
currents produced by the surface of the earth.

Applications Ground Wave Propagation
•These can be used for one-way communication from the military to submerged submarines as they penetrate 
to a significant depth into seawater.
•AM, FM and television broadcasting can be done with the help of ground waves.

https://byjus.com/physics/what-are-eddy-currents/


What is sky wave propagation?
Skywave propagation also known as the skip is a type of radio wave propagation. It is either the
reflected or refracted back waves to the earth from the ionosphere which is an electrically charged
layer of the upper atmosphere.
Medium and shortwave frequencies can be refracted back to earth which is beyond the horizon
which makes them useful in the transcontinental transmission of the waves. Following is the table
explaining the distribution of frequencies MUF (maximum usable frequency) and OWF (optimum
working frequency) depending upon the layers of the earth:

Layers D E F1

MUF (MHz) 16 28 16

OWF (MHz) 13.6 23.8 13.6

Skywave propagation applications:
•Satellite communications take place with the help of skywave propagation as it is dependent on the 
upper atmospheric conditions
•Mobile communications

https://byjus.com/physics/radio-waves/


What is space wave propagation?
Space wave propagation is defined for the radio waves that occur within the 20km of the atmosphere ie;
troposphere, comprising of a direct and reflected waves. These waves are also known as tropospheric
propagation as they can travel directly from the earth’s surface to the troposphere surface of the earth. It is also
known as a line of sight propagation as the signals are sent in a straight line from the transmitter to the receiver.
In order to prevent attenuation and loss of signal strength, the height of the antennas and distance between 
them can be given as:
Dm = (2RHt)-½ + (2RHr)-½

Where,
Dm: distance between the two antennas
R: radius of the earth
Ht: height of transmission antenna
Hr: height of receiver antenna

https://byjus.com/physics/radio-waves/




Applications of space wave propagation
It is used in various communication systems like
•A line of sight communication and satellite communication
•Radar communication
•Microwave linking
Space wave propagation limitations
•These waves are affected by the curvature of the earth.
•The propagation of these waves happens along the line of sight distance which is defined as the 
distance between the transmitting antenna and the receiving antenna which is also known as the 
range of communication.

https://byjus.com/jee/communication-systems/


Need of Modulation in Communication Systems



Modulation is simply a widely used process in communication systems in which a very high-frequency carrier wave is used
to transmit the low-frequency message signal so that the transmitted signal continues to have all the information contained
in the original message signal.
What is the need for modulation in communication systems?
The message signals have a very low frequency due to which these signals cannot be transmitted over long distances. Hence
such low-frequency message signals are modulated over the high-frequency carrier signal due to the following reasons:

• Reduction in the height of antenna
• Avoids mixing of signals
• Increases the range of communication
• Multiplexing is possible
• Improves quality of reception

https://www.geeksforgeeks.org/analog-to-analog-conversion-modulation/


.

1. Practical Length of Antenna:
For the effective transmission of a signal, the height h of the antenna should be comparable to the wavelength λ of the
signal at least the height of the antenna h should be λ / 4 in length so that the antenna can sense the variations of the
signal properly. Hence, we need to modulate the message signal over the high-frequency carrier signal so that we can
have a practical value for the height h of the antenna.

For example: If we have to transmit a signal of 20 kHz then λ = C / f and height of the antenna h
≈ λ where C is the wave velocity, here C = 3 × 108 m/s.
h ≈ λ = (3 × 108) / (20 × 103)
h = 15 km.

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 .



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.

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 .
5. Improves Quality of Reception
With frequency modulation (FM) and the digital communication techniques such as PCM, the effect of noise is
reduced to a great extent . This improves quality of reception

https://www.youtube.com/watch?v=00ZbuhPruJw

https://www.youtube.com/watch?v=00ZbuhPruJw


PHYSICAL TRANSMISSION MEDIA
Physical transmission media used in communications include twisted-pair cable, coaxial cable, and 
fiber-optic cable. These cables typically are used within or underground between buildings. Ethernet 
and token ring LANs often use physical transmission media.
Twisted-Pair Cable
One of the more commonly used transmission media for network cabling and telephone systems is 
twisted-pair cable. Twisted-pair cable consists of one or more twisted-pair wires bundled together. 
Each twisted-pair wire consists of two separate insulated copper wires that are twisted together. The 
wires are twisted together to reduce noise. Noise is an electrical disturbance that can degrade 
communications.



Coaxial CableCoaxial cable, often referred to as coax (pronounced KO-ax), consists of a single copper wire 
surrounded by at least three layers: (1) an insulating material, (2) a woven or braided metal, and (3) a plastic 
outer coating .
Cable television (CATV) network wiring often uses coaxial cable because it can be cabled over longer distances 
than twisted-pair cable. Most of today’s computer networks, however, do not use coaxial cable because other 
transmission media such as fiber-optic cable transmit signals at faster rates.



Fiber-Optic Cable

The core of a fiber-optic cable consists of dozens or hundreds of thin strands of glass or plastic that use light to 
transmit signals. Each strand, called an optical fiber, is as thin as a human hair. Inside the fiber-optic cable, an 
insu- lating glass cladding and a protective coating surround each optical fiber (Figure 8-26).
Fiber-optic cables have the following advantages over cables that use wire, such as twisted-pair and coaxial 
cables:
•Capability of carrying significantly more signals than wire cables
•Faster data transmission
•Less susceptible to noise (interference) from other devices such as a copy machine
•Better security for signals during transmission because they are less susceptible to noise
•Smaller size (much thinner and lighter weight)

Disadvantages of fiber-optic cable are it costs more than twisted-pair or coaxial cable and can be difficult to 
install and modify. Despite these limitations, many local and long- distance telephone companies are replacing 
existing telephone lines with fiber-optic cables, enabling them to offer fiber Internet access to home and 
business users.





• Morse code is a method for transmitting telegraphic information, using standardized sequences of short and long 
elements to represent the letters, numerals, punctuation and special characters of a message. 

• The short and long elements can be formed by sounds, marks, or pulses, in on off keying and are commonly known as 
"dots" and "dashes" or "dits" and "dahs." 

• Morse code can be transmitted in a number of ways: originally as electrical pulses along a telegraph wire, but also as an 
audio tone, a radio signal with short and long tones.

• Morse code is transmitted using just two states (on and off) so it was an early form of a digital code. However, it is 
technically not binary, as the pause lengths are required to decode the information.

Originally created for Samuel F. B. Morse's electric telegraph in the early 1840s, Morse code was also extensively used for 
early radio communication beginning in the 1890s

Morse code and its properties 

https://www.newworldencyclopedia.org/entry/Telegraph
https://www.newworldencyclopedia.org/entry/Radio
https://www.newworldencyclopedia.org/entry/Samuel_F._B._Morse
https://www.newworldencyclopedia.org/entry/Telegraphy




Wireless telegraph

A typical "straight key." This U.S. model, known as the J-38, was 
manufactured in huge quantities during World War II, and remains 
in widespread use today. In a straight key, the signal is "on" when 
the knob is pressed, and "off" when it is released. Length and 
timing of the dits and dahs are entirely controlled by the operator

https://study.com/academy/lesson/what-is-morse-code-definition-alphabet-history.html

https://www.newworldencyclopedia.org/entry/Telegraphy
https://www.newworldencyclopedia.org/entry/World_War_II
https://study.com/academy/lesson/what-is-morse-code-definition-alphabet-history.html


The Morse code was developed so that operators could translate the indentations marked on the paper tape into 
text messages. In his earliest code, Morse had planned to only transmit numerals, and use a dictionary to look up 
each word according to the number which had been sent. 

However, the code was soon expanded to include letters and special characters, so it could be used more 
generally. The shorter marks were called "dots," and the longer ones "dashes," and the letters most commonly 
used in the English language were assigned the shortest sequences.

In the original Morse telegraphs, the receiver's armature made a clicking noise as it moved into and out of 
position to mark the tape. Operators soon learned to translate the clicks directly into dots and dashes, making it 
unnecessary to use the paper tape. 

When Morse code was adapted to radio, the dots and dashes were sent as short and long pulses. It was later 
found that people become more proficient at receiving Morse code when it is taught as a language that 
is heard, instead of one read from a page.

To reflect the sound of Morse code, practitioners began to vocalize a dash as "dah," and a dot as "dit."

https://www.newworldencyclopedia.org/entry/English_language
https://www.newworldencyclopedia.org/entry/Radio


telegraph, any device or system that allows the transmission of information by coded signal over distance. Many 
telegraphic systems have been used over the centuries, but the term is most often understood to refer to the 
electric telegraph, which was developed in the mid-19th century and for more than 100 years was the principal 
means of transmitting printed information by wire or radio wave.

Many scientists have made contributions to the practical aspects of wireless radio broadcasting. In the 1860s the
British scientist James Clerk Maxwell predicted the possibility of generating electromagnetic waves that would
travel at the speed of light. Hertz demonstrated this radiation (hence the word radio) when he generated sparks
between two metal balls they could be found by a metal loop with a gap in it. Smaller sparks were seen jumping
across this gap. Later experimenters managed to increase the distance across which Hertzian waves could be
transmitted, and in 1894 a British scientist, Oliver Lodge, sent Morse-code signals over a distance of half a mile.

Guglielmo Marconi: an Italian inventor, proved the feasibility of radio communication. He sent and received his 
first radio signal in Italy in 1895. By 1899 he flashed the first wireless signal across the English Channel and two 
years later received the letter "S", telegraphed from England to Newfoundland. This was the first successful 
transatlantic radiotelegraph message in 1902

Development of first wireless telegraphy

https://www.britannica.com/science/radio-wave


The first practical Wireless telegraphy - spark gap transmitters and receivers for radiotelegraphy communication 

were developed by Guglielmo Marconi .

• A high-voltage transformer, to transform the low-voltage electricity from the power source, a battery or electric 

outlet, to a high enough voltage (from a few kilovolts to 75-100 kilovolts in powerful transmitters) to jump 
across the spark gap. The transformer charges the capacitor. In low-power transmitters powered by batteries 

this was usually an induction coil .

• One or more resonant circuits (tuned circuits or tank circuits) which create radio 

frequency electrical oscillations when excited by the spark. A resonant circuit consists of a capacitor (in early 
days a type called a Leyden jar) which stores high-voltage electricity from the transformer, and a coil of wire 

called an inductor or tuning coil, connected together. The values of the capacitance and inductance determine 

the frequency of the radio waves produced.

• The earliest spark-gap transmitters before 1897 did not have a resonant circuit; the antenna performed this 
function, acting as a resonator. However, this meant that the electromagnetic energy produced by the 

transmitter was dissipated across a wide band, thereby limiting its effective range to a few kilometers at most.

https://en.wikipedia.org/wiki/Guglielmo_Marconi
https://en.wikipedia.org/wiki/Transformer
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Kilovolt
https://en.wikipedia.org/wiki/Induction_coil
https://en.wikipedia.org/wiki/Resonant_circuit
https://en.wikipedia.org/wiki/Radio_frequency
https://en.wikipedia.org/wiki/Radio_frequency
https://en.wikipedia.org/wiki/Oscillation
https://en.wikipedia.org/wiki/Capacitor
https://en.wikipedia.org/wiki/Leyden_jar
https://en.wikipedia.org/wiki/Inductor
https://en.wikipedia.org/wiki/Capacitance
https://en.wikipedia.org/wiki/Inductance
https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Resonator


• Most spark transmitters had two resonant circuits coupled together with an air core transformer called 

a resonant transformer or oscillation transformer. This was called an inductively-coupled transmitter.

• The spark gap and capacitor connected to the primary winding of the transformer made one resonant 

circuit, which generated the oscillating current. The oscillating current in the primary winding created 
an oscillating magnetic field that induced current in the secondary winding. The antenna and ground 

were connected to the secondary winding. 

• The capacitance of the antenna resonated with the secondary winding to make a second resonant 

circuit. The two resonant circuits were tuned to the same resonant frequency. The advantage of this 
circuit was that the oscillating current persisted in the antenna circuit even after the spark stopped, 

creating long, ringing, lightly damped waves, in which the energy was concentrated in a 

narrower bandwidth, creating less interference to other transmitters.

• A spark gap which acts as a voltage-controlled switch in the resonant circuit, discharging the 
capacitor through the coil.

• An antenna, a metal conductor such as an elevated wire, that radiates the power in the oscillating 

electric currents from the resonant circuit into space as radio waves.

• A telegraph key to switch the transmitter on and off to communicate messages by Morse code

https://en.wikipedia.org/wiki/Resonant_transformer
https://en.wikipedia.org/wiki/Primary_winding
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Secondary_winding
https://en.wikipedia.org/wiki/Resonant_frequency
https://en.wikipedia.org/wiki/Bandwidth_(signal_processing)
https://en.wikipedia.org/wiki/Spark_gap
https://en.wikipedia.org/wiki/Switch
https://en.wikipedia.org/wiki/Antenna_(radio)
https://en.wikipedia.org/wiki/Radio_wave
https://en.wikipedia.org/wiki/Telegraph_key
https://en.wikipedia.org/wiki/Morse_code




Numerals

1) Morse code is used to transmit the text messages over radio transmitter. We are intended to transmit the text 

ABC. Morse code is encode as dot and dash. Assume that to send one dot , 1ms time delay is required. Refer 

the morse code table and find the total delay required to transmit the text given.

2) If we have to transmit a signal of 20 kHz then the height of the antenna required is 4km. Find the frequency if

the antenna height is reduced to 400 mt.

Assume: h=λ/4.


