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Chapter No: 1 ( )

Introduction to Data Communication

Introduction:

Data is defined as information which is stored in the digital form.
Data communication is the process of transferring digital information between two points.

Data can be alphabets, numeric or symbols and it consists of any one or the combination of the
following:

Microprocessor op-codes, control codes, user addresses, program data or data base information.

At the source or destination the data are in digital form but during the transmission it may be
analog or digital.

A data communication network can be simply consisting of two computers connected to each
other a public telecommunication network.

Data Communications

When we communicate, we are sharing information. This sharing can be local or remote. Between
individuals, local communication usually occurs face to face, while remote communication takes
place over distance. The term telecommunication, which includes telephony, telegraphy, and
television, means communication at a distance (tele is Greek for "far").

The word data refers to information presented in whatever form is agreed upon by the parties
creating and using the data.

Q. Define data communications. |

Data communications are the exchange of data between two devices via some form of
transmission medium such as a wire cable. For data communications to occur, the communicating
devices must be part of a communication system made up of a combination of hardware (physical
equipment) and software (programs).

Q. Describe the characteristics of data communication system. |

Characteristics of Data Communication System:

The effectiveness of a data communications system depends on four fundamental
characteristics: Delivery, Accuracy, Timeliness, and Jitter.

1. Delivery: The system must deliver data to the correct destination. Data must be received by
the intended device or user and only by that device or user.

2 Accuracy: The system must deliver the data accurately. Data that have been altered in
transmission and left uncorrected are unusable.

3. Timeliness: The system must deliver data in a timely manner. Data delivered late are useless.
In the case of video and audio, timely delivery means delivering data as they are produced, in the
same order that they are produced, and without significant delay. This kind of delivery is called
real-time transmission.

4. Jitter: Jitter refers to the variation in the packet arrival time. It is the uneven delay in the
delivery of audio or video packets. For example, let us assume that video packets are sent every
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3D Ms. If some of the packets arrive with 3D-ms delay and others with 4D-ms delay, an unev )
quality in the video is the result. S

| Q. Draw the components of data communication systems and state the function of each block. |

Components of Data Communications System
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A data communications system has five components:

1. Message: The message is the information (data) to be communicated. Popular forms of
information include text, numbers, pictures, audio, and video.

2. Sender: The sender is the device that sends the data message. It can be a computer,
workstation, telephone handset, video camera, and so on.

3. Receiver: The receiver is the device that receives the message. It can be a computer,
workstation, telephone handset, television, and so on.

4. Transmission medium: The transmission medium is the physical path by which a message
travels from sender to receiver. Some examples of transmission media include twisted-pair wire,
coaxial cable, fiber-optic cable, and radio waves.

5. Protocol: A protocol is a set of rules that govern data communications. It represents an
agreement between the communicating devices. Without a protocol, two devices may be
connected but not communicating, just as a person speaking French cannot be understood by a
person who speaks only Japanese.

| Q. Explain Simplex, Half Duplex and Full Duplex communication with examples. |

Communication Modes

Based on whether the system communicates only in one direction or otherwise, the communication
systems are classified as

e Simplex systems
¢ Half duplex systems
e Full duplex systems

1. Simplex Systems
¢ In Simplex mode, the communication is unidirectional, as on a one-way street.

e  Only one of the two devices on a link can transmit; the other can only receive.




e Keyboards and traditional monitors are examples of simplex devices. The keyboard
only introduce input; the monitor can only accept output.

e The simplex mode can use the entire capacity of the channel to send data in one direction.
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2. Half Duplex Systems

¢ In Half-duplex mode, each station can both transmit and receive, but not at the same time. :
e When one device is sending, the other can only receive, and vice versa.

e The half-duplex mode is like a one-lane road with traffic allowed in both directions. When
cars are traveling in one direction, cars going the other way must wait. In a half-duplex
transmission, the entire capacity of a channel is taken over by whichever of the two devices is
transmitting at the time. Walkie-talkies and CB (citizens band) radios are both half-duplex

systems.

e The half-duplex mode is used in cases where there is no need for communication in both
directions at the same time; the entire capacity of the channel can be utilized for each

direction.
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3. Full-Duplex

e In full-duplex mode (also called duplex), both stations can transmit and receive
simultaneously.

e The full-duplex mode is like a two-way street with traffic flowing in both directions at the
same time. In full-duplex mode, signals going in one direction share the capacity of the link:
with signals going in the other direction. This sharing can occur in two ways: Either the link
must contain two physically separate transmission paths, one for sending and the other for




receiving; or the capacity of the channel is divided between signals traveling in both (
directions.

e One common example of full-duplex communication is the telephone network.

e When two people are communicating by a telephone line, both can talk and listen at the same
time. The full-duplex mode is used when communication in both directions is required all the
time. The capacity of the channel, however, must be divided between the two directions.
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| Q. Define Protocols. Explain key elements of protocols.

Protocol:

e A protocol is a set of rules that govern data communications. A protocol defines what is
communicated, how it is communicated, and when it is communicated.

e Incomputer networks, communication occurs between entities in different systems.

e An entity is anything capable of sending or receiving information. However, two entities
cannot simply send bit streams to each other and expect to be understood. For communication
to occur, the entities must agree on a protocol.

The key elements of a protocol are: syntax, semantics, and timing.
1) Syntax: (what is to be communicated?)

e The term syntax refers to the structure or format of the data, meaning the order in which they
are presented.

e For example, a simple protocol might expect the first 8 bits of data to be the address of the
sender, the second 8 hits to be the address of the receiver, and the rest of the stream to be the
message itself.

2) Semantics: (how it is to be communicated)
e The word semantics refers to the meaning of each section of bits.

e How is a particular pattern to be interpreted, and what action is to be taken based on that
interpretation? For example, does an address identify the route to be taken or the final
destination of the message?

)




3) Timing: (when it should be communicated) ( )
<SS

e The term timing refers to two characteristics: when data should be sent and how fast they can
be sent. For example, if a sender produces data at 100 Mbps but the receiver can process data
at only 1 Mbps, the transmission will overload the receiver and some data will be lost.

| Q. Define Standard. Name any four Standard Organizations. Give their functions |

Standards:

e Standards provide guidelines to manufacturers, vendors, government agencies, and other
service providers to ensure the kind of interconnectivity necessary in today's marketplace and
in international communications.

e Standards are essential in creating and maintaining an open and competitive market for
equipment manufacturers and in guaranteeing national and international interoperability of
data and telecommunications technology and processes.

e Data communication standards fall into two categories: de facto (meaning "by fact" or "by
convention") and de jure (meaning "by law" or "by regulation™).

1) De facto:

e Standards that have not been approved by an organized body but have been adopted as
standards through widespread use are de facto standards.

e De facto standards are often established originally by manufacturers who seek to define the
functionality of a new product or technology.

2) Dejure:
e Those standards that have been legislated by an officially recognized body are de jure
standards.

Standards Organizations:

e Standards are developed through the cooperation of standards creation committees, forums,
and government regulatory agencies.

Standards Creation Committees:

e While many organizations are dedicated to the establishment of standards, data
telecommunications in North America rely primarily on those published by the following:

1) International Organization for Standardization

e (ISO): The ISO is a multinational body whose membership is drawn mainly from the
standards creation committees of various governments throughout the world.

e The ISO is active in developing cooperation in the realms of scientific, technological, and
economic activity.

2) International Telecommunication Union-Telecommunication Standards Sector (ITU-T):

e By the early 1970s, a number of countries were defining national standards for
telecommunications, but there was still little international compatibility.

e The United Nations responded by forming, as part of its International Telecommunication
Union (ITU), a committee, the Consultative Committee for International Telegraphy and
Telephony (CCITT).

e This committee was devoted to the research and establishment of standards for
telecommunications in general and for phone and data systems in particular. On March 1,
1993, the name of this committee was changed to the International Telecommunication
Union - Telecommunication Standards Sector (ITU-T).

3) American National Standards Institute (ANSI):




Y &
e The American National Standards Institute is a completely private, nonprofit corporaﬂ(@

not affiliated with the U.S. federal government. However, all ANSI activities aré<s="
undertaken with the welfare of the United States and its citizens occupying primary
importance.

4) Institute of Electrical and Electronics Engineers (IEEE):

e The Institute of Electrical and Electronics Engineers is the largest professional
engineering society in the world.

e International in scope, it aims to advance theory, creativity, and product quality in the
fields of electrical engineering, electronics, and radio as well as in all related branches of
engineering.

e As one of its goals, the IEEE oversees the development and adoption of international
standards for computing and communications.

5) Electronic Industries Association (E1A):

e The Electronic Industries Association is a nonprofit organization devoted to the
promotion of electronics manufacturing concerns.

e Its activities include public awareness education and lobbying efforts in addition to
standards development.

e In the field of information technology, the EIA has made significant contributions by
defining physical connection interfaces and electronic signaling specifications for data
communication.

Bandwidth, Data Transmission Rate, Baud Rate and Bits Per Second

Bandwidth is measured as the amount of data that can be transferred from one point to
another within a network in a specific amount of time. Typically, bandwidth is expressed as a
bitrate and measured in bits per second (bps).

The term bandwidth refers to the transmission capacity of a connection and is an important
factor when determining the quality and speed of a network or the internet connection.

Definition of Bit Rate

Bit rate can be defined as the number of bit intervals per second. And bit interval is referred to as the
time needed to transfer one single bit. In simpler words, the bit rate is the number of bits sent in one
second, usually expressed in bits per second (bps). For example, Kilobits per second (Kbps), Megabits
per second (Mbps), Gigabits per second (Gbps), etc.

Amplitide
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1 141 1 Bit rate = 6 bps
0 0 >
W ot o 2l S Time
bl Py’ piiect il 4
Bit In'terval

Definition of Baud Rate

Baud rate is defined as the number of signal units per
second. It is always less than or equal to bit rate. It is represented as
bauds or symbols/second.




Baud rate is expressed in the number of times a signal can change on transmission line
second. Usually, the transmission line uses only two signal states, and make the baud rate equal to th
number of bits per second that can be transferred.
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An example can illustrate it. For example, 1500 baud rate illustrates that the channel state can alter up
to 1500 times per second. The meaning of changing state means that channel can change its state from
0to 1 or from 1 to O up to 1500 times per second (in the given case).

B bit: a unit of information
B baud: a unit of signaling speed.
B Bitrate:b
O Number of bits transmitted per second.

B Baud Rate:s
O Number of symbols transmitted per second.
B General formula:
O b=s*n
O Where n is number of bits per symbol.
Key Differences Between Bit Rate and Baud Rate

1. Bit rate is the number bits (0’s and 1°s) transmitted per second.
On the other hand Baud rate is the number of times a signal is traveling comprised of

bits.

2. Baud rate can determine the bandwidth of the channel or its required amount to send
the signal while through Bit rate it is not possible.Bit Rate can be expressed by the
given equation:

Bit rate = baud rate x the number of bits per signal unit
In contrary Baud rate is expressed in the given equation:
Baud rate = bit rate / the number of bits per signal unit

Question: Calculate the baud rate for the given bit rate and type of modulation:
(i) 5000 bps, ASK (ii) 4000 bps, FSK
Answer:

For baud rate (S), we know that the formula is:

S=NI/r.

N=S*r

Here, N is Bit rate, S is the Baud rate

r = number of bits in signal elements

So, at first we need to calculate r for each case.

We know, r = logzL.

i)For ASK, r=logz2 =1
S=5000 bps/1=5000 baud
i) For FSK, r=1log22 =1
S=4000bps/1=4000 baud




Question: A signal carries five bits in each signal element. If 1600 signal elements are (
sent per second, find the baud rate and bit rate in kbps.
Answer:

Baud rate is number of signal elements per second.

Bit rate is the number of bits per second.

We also know that S=N/r where S is the baud rate, N is the bit rate
and r is the bits in each signal element.

In this case 1600 signal elements are sent per second.

So baud rate is 1600.

Now S=1600,r=5 and N is unknown.

So N=S*r=1600*5=8000 bps or 8 kbps.

Therefore the bit rate is 8kbps

BASIS FOR

COMPARISON BIT RATE BAUD RATE

Basic Bit rate is the count of bits per | Baud rate is the count of signal units per
second. second.

Meaning It determines the number of bits | It determines how many times the state of
traveled per second. a signal is changing.

Term usually used While the emphasis is on | While data transmission over the channel
computer efficiency. is more concerned.

Bandwidth Can not determine the It can determine how much bandwidth is

determination bandwidth. required to send the signal.

Equation Bit rate = baud rate x the count | Baud rate = bit rate / the humber of bits
of bits per signal unit per signal unit

Analog Signal and Digital Signal
Analog Signal

An analog signal is a continuous wave denoted by a sine wave (pictured below) and may
vary in signal strength (amplitude) or frequency (waves per unit time). The sine wave's
amplitude value can be seen as the higher and lower points of the wave, while the frequency
value is measured in the sine wave's physical length from left to right.

There are many examples of analog signals around us. The sound from a human voice is
analog, because sound waves are continuous, as is our own vision, because we see various
shapes and colors in a continuous manner due to light waves. Even a typical kitchen clock
having its hands moving continuously can be represented as an analog signal.
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Digital Signal

A digital signal - a must for computer processing - is described as using binary (0s and 1s),
and therefore, cannot take on any fractional values. As illustrated in the graphic below, digital




signals retain a uniform structure, providing a constant and consistent signal. Because of t
inherent reliability of the digital signal, technology using it is rapidly replacing a larg
percentage of analog applications and devices. For example, the wristwatch, showing the
time of day, with its minute, hour, and sweeping second hands, is being replaced by the
digital watch, which offers the time of day and other information using a numerical display.
A typical digital signal is represented below. Note the equally dispersed 1s and 0Os.
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Analog Signal Digital Signal

An analog signal signifies a continuous |A digital signal signifies a discrete
signal that keeps changes with a time  |signal that carries binary data and has

period. discrete values.
Analog signals are continuous sine o .
Waves Digital signal is square waves.

Analog signals describe the behavior of |Digital signals describe the behavior of
the wave with respect to amplitude, the signal with respect to the rate of a
time period, & phase of the signal. bit as well as bit interval.

Digital signal is limited as well as
ranges from 0 to 1.

Analog signal range will not be set.

Analog signal is further horizontal A digital signal has resistance in
toward distortion during the response to [response toward the noise, therefore, it
noise does not often face distortion.

A digital signal broadcasts the

An analog signal broadcasts the information in the form of binary that is

information in the signal form.

bits.
The example of an analog signal is the [The example of a digital signal is the
human voice data transmission in a computer.

Periodic and Non-periodic signals
B Asignal is periodic signal if it completes a pattern within measurable time frame.
W A periodic signal is characterised by amplitude, frequency and phase.
B Mathematically: v(t)=V sin(2nft+0)

O V:Peak Amplitude
O F:frequency
O t:Time(seconds)
O 0:Phase(degree or radians)
B Amplitude is the highest height of the signal, maximum value or strength of the signal over
time; typically, this value is measured in volts.

B frequency is the rate [in cycles per second, or Hertz (Hz)] at which the signal repeats., and
B Phase is a measure of the relative position in time within a single period of a signal

B An analog signal is not resistant toward the noise, therefore; it faces distortion as well as
reduces the transmission quality.




Non-periodic signals

B A signal that does not repeats its pattern over a period is called aperiodic signal or non

periodic.

B Both the Analog and Digital can be periodic or aperiodic: but in data communication periodic
analog signals and aperiodic digital signals are used.

Analog and Digital data

Analog data take on continuous values in time interval.

For example, voice and video are continuously varying patterns of intensity. Most data
collected by sensors, such as temperature and pressure, are continuous valued.

The most familiar example of analog data is audio, which, in the form of acoustic sound
waves, can be perceived directly by human beings.

Digital data take on discrete values; examples are text and integers.

They cannot be easily stored or transmitted by data processing and communications systems
in character form.

Morse code, International Reference Alphabet (IRA) are used to translate text into binary.

Analog signals: Represent data with continuously

Analog data

{voice sound waves)

Digital data
(binary voltage pulses)

varying electromagnetic wave

M’\A




Digital signals: Represent data with sequence
of voltage pulses
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Analog transmission

B Analog transmission is a means of transmitting analog signals without regard to their
content; the signals may represent analog data (e.g., voice) or digital data.

B In either case, the analog signal will become weaker (attenuate) after a certain distance.

B To achieve longer distances, the analog transmission system includes amplifiers that boost the
energy in the signal.

B Unfortunately, the amplifier also boosts the noise components.

Digital transmission

B Digital transmission, in contrast, assumes a binary content to the signal.

B Adigital signal can be transmitted only a limited distance before attenuation.

B To achieve greater distances, repeaters are used. A repeater receives the digital signal,
recovers the pattern of 1s and 0s, and retransmits a new signal. Thus the attenuation is

overcome.
(a) Data and Signals
Amnalog Signal Digital Signal
Analog Data Two alternatives: (1) signal Analog data are encoded using a codec to produce
occupies the same spectrum as the a digital bit stream.

analog data; (2) analog data are
encoded to occupy a different
portion of spectrum.

Digital Data Digital data are encoded using a Two alternatives: (1) signal consists of two voltage
modem to produce analog signal. levels to represent the two binary values; (2)
digital data are encoded to produce a digital signal
with desir ed properties.

Both analog and digital information can be encoded as either analog or digital signals. The
particular encoding that is chosen depends on the specific requirements to be met and the media
and communications facilities available.

1. Digital data, digital signals(Digital data Transmission):

W The simplest form of digital encoding of digital data is to assign one voltage level to
binary one and another to binary zero.

B More complex encoding schemes are used to improve performance, by altering the
spectrum of the signal.

2. Digital data, analog signal:

B A modem converts digital data to an analog signal so that it can be transmitted over
an analog line.




B The basic techniques are amplitude shift keying (ASK), frequency shift keying ( )
(FSK), and phase shift keying (PSK).

B All involve altering one or more characteristics of a carrier frequency to represent
binary data.

3. Analog data, digital signals:

B Analog data, such as voice and video, are often digitized to be able to use digital
transmission facilities.

B The simplest technique is pulse code modulation (PCM), which involves sampling
the analog data.

4. Analog data, analog signals:

B Analog data are modulated by a carrier frequency to produce an analog signal, which
can be utilized on an analog transmission system.

B The basic techniques are amplitude modulation (AM), frequency
modulation(FM), and phase modulation (PM).
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(b)) Modulation onto an analog signal

e Modulation:

Now we have to develop some way to send the information of message signal via this carrier signal.
The carrier signal is a high frequency sinusoidal signal represented by amplitude, frequency and
phase. We can vary one of this parameter accordingly with the message information.

e \What is Modulation?

Modulation is an operation of varying amplitude or frequency or phase of carrier signal according to
the instantaneous amplitude of the baseband signal/modulating signal.

Baseband RF Power
signal Amplifier

Modulator

Modulated
signal

Modulating
signal

Carrier

RF
Oscillator

Modulation Block Diagram




Here baseband signals comes from a audio/video or computer. Baseband signals are also called (
modulating signal as it modulates carrir signal. Carrier signals are high frequecy radio waves it
generally comes from a radio frequency oscillators. These two signls are combined in modulator.
Modulator takes the instantenious amplitute of baseband signal and varies amplitute/frequency/phase
of carrier signal. Resultant signal is a modulated signal. It goes to an RF-amplifier for signal power
boosting and then feed to antenna or a co-axial cable.

There are two types of modulation analog and digital. Analog modulation delas with the voice, video
and regular waves of base band signals. Where as digital modulations are with bit streams or symbols
from computing vevices as base band signals.

e DeModulation:

Demodulation is the opposite process of modulation. Modulator is a part of signal transmitter
where as demodulator is the receiving side. In broadcast system radio transmitting station does to
modulation part. A radio receiver acts as a demodulator. A modem receives signals and also transmits
signals thus it does modulation and demodulation at the same time. Thus the name modem has been
given. A radio antenna receives low power signal. A co-axial cable end point can also take as an
signal input. An RF amplifier boosts the signal amplitude. Then the signal goes to a demodulator.
demodulator does the reverse of modulation and extracts the backband signal from carrier. Then the
base band signal is amplified to feed a audio speaker or video monitor or TTL/CMOS signal levels to
match computer inputs.

e \What is De-modulation?

Demodulation is the opposite process of modulation where the varying amplitude, frequency or phase
of carrier signal is extracted to construct the original the message signal.

Baseband
Amplifier

DeModulator

RF
Amplifier

Modulated
signal

Maodulating
signal

Local Carrier

Local
Oscillator

Demodulation Block Diagram

Digital to Analog conversion

B The case of transmitting digital data using analog signals.

B The most familiar use is for transmitting digital data through the public telephone network.

W The telephone network was designed to receive, switch, and transmit analog signals in the
voice-frequency range of about 300 to 3400 Hz.

W |t is not at present suitable for handling digital signals from the subscriber locations.

W Thus digital devices are attached to the network via a modem (modulator-demodulator),
which converts digital data to analog signals, and vice versa.

B Modulation involves operation on one or more of the three characteristics of a carrier signal:
amplitude, frequency, and phase.

B Accordingly, there are three basic encoding or modulation techniques for transforming digital
data into analog signals:

B Amplitude Shift Keying (ASK),
B Frequency Shift Keying (FSK), and
B Phase Shift Keying (PSK).




1. Amplitude Shift Keying (ASK) (

B ASK is the digital carrier Modulation in which amplitude of carrier will take one of the two
values in response to 0 or 1 value of digital data.

B Amplitude Shift Keying (ASK) is a type of Amplitude Modulation which represents
the binary data in the form of variations in the amplitude of a signal.

B Any modulated signal has a high frequency carrier. The binary signal when ASK
modulated, gives a zero value for Low input while it gives the carrier
output for High input.

B The following figure represents ASK modulated waveform along with its input.

1v
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Input binary sequence
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ASK Modulated output wave

ASK Modulator

The ASK modulator block diagram comprises of the carrier signal generator, the binary
sequence from the message signal and the band-limited filter. Following is the block
diagram of the ASK Modulator.

ASK Generation method

&O—

R R Output
Sinusoidal (band
Carrier I limited)

Unipolar
binary sequence
(message)

—

XX

Application:

1. Used in our infrared remote controls
2. Used in fibre optical tranmitter and receiver.
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2. Frequency Shift Keyi SK @, :
y ying (FSK)

e Frequency Shift Keying (FSK) is the digital modulation technique in which the
frequency of the carrier signal varies according to the digital signal changes. FSK is
a scheme of frequency modulation.

e The output of a FSK modulated wave is high in frequency for a binary High input
and is low in frequency for a binary Low input. The binary 1s and Os are called Mark
and Space frequencies.

e The following image is the diagrammatic representation of FSK modulated
waveform along with its input.

1v
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The FSK modulator block diagram comprises of two oscillators with a clock and the input

binary sequence. Following is its block diagram.
FSK Transmitter

1 e Jetela ;
: i FSK
i E— : modulated
P Osc P Misad wave
N 2
Ifs
Binary h =7
message Bitrate f. << f;

The two oscillators, producing a higher and a lower frequency signals, are connected to a
switch along with an internal clock. To avoid the abrupt phase discontinuities of the output
waveform during the transmission of the message, a clock is applied to both the oscillators,
internally. The binary input sequence is applied to the transmitter so as to choose the
frequencies according to the binary input.

Question: Explain the process of FSK modulation with diagram. (4Marks)

Answer: In FSK, frequency of sinusoidal carrier is shifted between two discrete values. One
of these frequencies (f1) represents a binary 1 and other value (f2) represents binary 0.There is
no change in amplitude of carrier. It consists of voltage controlled oscillators (VCO) which
produce sine waves at frequencies fi and fo. Corresponding to "binary 0 "input, the VCO
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Application:
1. Many modems used FSK in telemetry systems

3. Phase Shift Keying (PSK)

Phase Shift Keying (PSK) is the digital modulation technique in which the phase of the
carrier signal is changed by varying the sine and cosine inputs at a particular time. PSK
technique is widely used for wireless LANS, bio-metric, contactless operations, along with
RFID and Bluetooth communications.

PSK is of two types, depending upon the phases the signal gets shifted. They are —

Binary Phase Shift Keying (BPSK)
This is also called as 2-phase PSK or Phase Reversal Keying. In this technique, the sine
wave carrier takes two phase reversals such as 0° and 180°.

BPSK is basically a Double Side Band Suppressed Carrier (DSBSC) modulation scheme, for
message being the digital information.

Quadrature Phase Shift Keying (QPSK)

This is the phase shift keying technique, in which the sine wave carrier takes four phase

reversals such as 0°, 90°, 180°, and 270°.

If this kind of techniques are further extended, PSK can be done by eight or sixteen values
also, depending upon the requirement.

BPSK Modulator

The block diagram of Binary Phase Shift Keying consists of the balance modulator which
has the carrier sine wave as one input and the binary sequence as the other input. Following
is the diagrammatic representation.
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The modulation of BPSK is done using a balance modulator, which multiplies the two
signals applied at the input. For a zero binary input, the phase will be 0° and for a high input,
the phase reversal is of 180°.

Following is the diagrammatic representation of BPSK Modulated output wave along with
its given input.
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BPSK Modulated output wave

The output sine wave of the modulator will be the direct input carrier or the inverted (180°
phase shifted) input carrier, which is a function of the data signal.

Question: Explain process of phase shift keying.(4 Marks)

Answer: Phase-shift keying (PSK) is a digital to analog modulation scheme based on
changing, or modulating, the initial phase of a carrier signal. PSK is used to represent digital
information, such as binary digits zero (0) and one (1).The modulation of PSK is done using a
balance modulator, which multiplies the two signals applied at the input. For a zero binary
input, the phase will be 180° and for a high input, the phase reversal is of 0°. Following is the
diagrammatic representation of PSK Modulated output wave along with its given input.
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The output sine wave of the modulator will be the direct input carrier or the inverted (180°
phase shifted) input carrier, which is a function of the data signal. Amplitude and frequency
of the original carrier signal is kept constant.

Application:

1. Used in our ADSL broadband modem
2. Used in satellite communication
3. Used in our mobile phones

Comparison of ASK, FSK and PSK

Parameters ASK FSK PSK
Variable Amplitude Frequency Phase
characteristics
Bandwidth Is proportional to B=(1+d)xS+2Af B=(1+d)xS

signal rate (B

=(1+d)S),d is due to

modulation & filtering

lies between 0 & 1.
Noise immunity low High High
Complexity Simple Moderately complex  Very complex
Error probability High Low Low
Performance in Poor Better than ASK Better than FSK

presence of noise

Bit rate

Suitable upto 100
bits/sec

Suitable upto about
1200 bits/sec

Suitable for high bit
rates




e Analog to Analog Conversion

B Analog-to-analog conversion, or modulation, is the representation of analog information by
an analog signal.
B It is a process by which a characteristic of carrier wave is varied according to the
instantaneous amplitude of the modulating signal.
B Analog to Analog conversion can be done in three ways:
O Amplitude Modulation
U Frequency Modulation
U Phase Modulation

1. AMPLITUDE MODULATION:

B The modulation in which the amplitude of the carrier wave is varied according to the
instantaneous amplitude of the modulating signal keeping phase and frequency as constant.
B AM is normally implemented by using a simple multiplier because the amplitude of the
carrier signal needs to be changed according to the amplitude of the modulating signal.
B AM bandwidth:
The modulation creates a bandwidth that is twice the bandwidth of the modulating signal and
covers a range centered on the carrier frequency.
Bandwidth= 2fm

A

Modulating signal
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Modulated Signal

Amplitude Modulation

e AM Advantage

e AM is the simplest type of modulation. Hardware design of both transmitter and receiver is
very simple and less cost effective.

e AM Disadvange:

e AM is very susceptible to noise.




e Application:

® AM radio broad cast is an example

2. Frequency modulation

FM or Frequency modulation is the process of varying the in instantaneous frequency of Carrier signal

accordingly with instantaneous amplitude of message signal.

Carrier
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Frequency Modulation

e FM Advantage
e Modulation and demodulation does not catch any channel noise.

e FM Disadvange:

e Circuit needed for FM modulation and demodulation is bit complicated than AM

e Application:

e FM radio broad cast is an example

Question: Compare amplitude modulation and frequency modulation (4 points).
Answer:
Parameter | Amplitude modulation Frequency modulation
(AM) FM)

Definition Amplitude modulation | Frequency modulation
(AM) is the process of | (FM) is the process of
changing the amphitude | changing the frequency
of a high ﬁ'equency of carrier signal in
carmer signal in | proportion with the
proportion with instantaneous value of
the instantaneous value |the modulating signal
of the modulating signal | keeping Amplitude
keeping frequency | &Phase constant.
&Phase constant.

Waveform |AM wave: FM wave:

Bandwidth | BW= 2fu(fu -frequency | Bandwidth=2[§ + fm]
of modulating signal) (fu - frequency of

modulating signal)

Noise Less More

Immunity

Modulation Vi =

index T i Sty T
Ve - Amphitude of & — frequency deviation
modulating signal S - frequency of
Voo Amplhitude of camer | modulating signal
signal

Frequencie | 3535 —-1700 KH=z 88.1 —108.1 MH=

s used for

transmissio




3. Phase modulation (PM)
PM or Phase modulation is the process of varying the instantaneous phase of Carrier signal
accordingly with instantaneous amplitude of message signal.

Carrier
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Phase Modulation

e PM Advantage

o Modulation and demodulation does not catch any channel noise.
e PM Disadvange:

o Circuit needed for PM modulation and demodulation is bit complicated than AM and FM
e Application:

o Satellite communication.




Chapter No: 2
TRANSMISSION MEDIA

Transmission Media

Transmission medium is the way in which data is transmitted from one place to another.

It provide a pathway over which the message can travel from sender-to-receiver.

Each of the message can be sent in the form of data by converting them into binary digits.

These binary digits are then encoded into a signal that can be transmitted over the appropriate
medium.

media

guided unguided

co-axial cable twisted pair fiber infrared  redio wave  microwaye

l. Wired/Guided Transmission Media

Guided transmission media are the cables that are tangible or have physical existence.
Bounded transmission means having connectivity between a source and destination using
cables or wires. The signals have to travel through this channel i.e. physical media

Wired/Guided
Media

!

Twisted Pair Coaxial Fibre Optic

1. Cadolerair cable Cable Cable
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»  Atwisted pair cable is a pair of copper wires.

»  Copper wires are the most common wires used for transmitting signals because of good
performance at low costs.

»  Atwisted pair consists of two conductors (normally copper), each with its own plastic
insulation, twisted together to form a single media.

»  Out of these two wires, only one carries actual signal and another is used for ground
reference.

* Toidentify every cable, these cables are colour coated.

* The twists between wires are helpful in reducing noise (electro-magnetic interference) and
crosstalk.

» This type of cable is used in telephone lines to provide voice and data channels.

Types of Twisted Pair

The two types of twisted pairs are:
1. Unshielded twisted pair (UTP)
2. Shielded twisted pair (STP)




1. Unshielded twisted pair (UTP):-

* UTP is more common.

* UTP cost less than STP and easily available due to its many use.

* Due to its low cost, UTP cabling is used extensively for local-area networks (LANSs) and
telephone connections.

» UTP cables consist of 2 or 4 pairs of twisted cable.

»  Cable with 2 pair use RJ-11 connector and 4 pair cable use RJ-45 connector.

UnsShielded Twisted Pair Cable \

Advantages of UTP:

e Easy installation and setup.

e Capable of high speed for LAN.

e Low cost.

o UTP is very flexible.
Disadvantages of UTP:

e Short distance due to attenuation.
e Limited bandwidth.

Application

e Commonly used in telephone lines.




2. Shielded twisted pair (STP):-

» This type of cable has a metal foil covering which encases each pair of insulator conductors.

» Electromagnetic noise penetration is prevented by metal casing. Shielding also eliminates
crosstalk.

* It is similar to UTP but has a mesh shielding that’s protects it from EMI which allows for higher
transmission rate.

* Itis more expensive than coaxial and unshielded twisted pair.

Shielded Twisted Pair Cable T

Advantages of STP:

e STP reduces interference.
e Faster than UTP and coaxial cable.
e Better performance at higher data rates.

Disadvantages of STP:
e More expensive than UTP and coaxial cable.
e More difficult installation and setup.
e High attenuation rate.
e High cost.

Question: Explain the construction of Shielded Twisted Pair Cable.

e STPis similar to UTP but with each pair covered by an additional copper braid jacket
or foil wrapping. This shielding helps to protect the signals on the cables from
external interference.




Shielding provides a means to reflect or absorb electric fields that are present around
cables. Shielding comes in a variety of forms from copper braiding or copper meshes
to aluminized.

STP is more expensive than UTP but has the benefit of being able to support higher
transmission rates over longer distances.

STP is heavier and more difficult to manufacture, but it can greatly improve the
signaling rate in a given transmission scheme Twisting provides cancellation of
magnetically induced fields and currents on a pair of conductors.

Magnetic fields arise around other heavy current-carrying conductors and around
large electric motors. Various grades of copper cables are available, with Grade 5
being the best and most expensive.

STP is used in IBM token ring networks.

Foil Twisted
Braided or  Shields Pairs
Jacket Foil Shield

Figure: Construction of Shielded Twisted Pair

RJ-45 connectors is used with Ethernet cables in computer networking.

RJ-11 connectors is used in connecting telephone units.




Coaxial Cable

+ Coaxial cables are copper cables with better shielding than twisted pair cables, so that
transmitted signals may travel longer distances at higher speeds.

* The shield minimizes electrical and radio frequency interference.

+ Coaxial cabling is the primary type of cabling used by the cable television industry and is also
widely used for computer networks, such as Ethernet.




N

QOuter conductor
(shield)

Plastic cover

+ Coaxial cable has two wires of copper.

* The core/inner copper wire in centre and is made of solid conductor. It is enclosed in an
insulating sheath.

*  The second/outer copper wire is wrapped around, and is used to protect from external
electromagnetic interference (Noise).

» This all is covered by plastic cover used to protect the inner layers from physical damage such
as fire or water.

Coaxial Cable Standards

» Coaxial cables are categorized by their Radio Government (RG) ratings. Each RG number
denotes a unique set of physical specifications

¢ 50-Ohm RG-7 or RG-11 : used with thick Ethernet.

e 50-Ohm RG-58 : used with thin Ethernet

e 75-Ohm RG-59 : used with cable television
\.

50 Ohm 75 Ohm

ARG CABLE
v e e
RG-5% aU e

nG-1

Advantages of Co-axial Cable:




Low cost due to less total footage of cable, hubs not needed.
Lower attenuation than twisted pair.

Supports high bandwidths.

Can support high data rates.

Disadvantages of Co-axial Cable:

Limited in network speed.

Limited in size of network.

One bad connector can take down entire network.
Coax is among the most expensive types of wire cables

Applications of Co-axial Cable:

Digit Analog telephone n/w.

Analog telephone n/w.

Cable TV.

Ethernet LAN’s — Thick and Thin.

Digital transmission.

Long distance telephone transmission— can carry 10,000 voice calls.

Question: Draw a labeled diagram of coaxial cable.

Fibre Optics Cable

Glass Cladding

Slass Core

Protective Covering
I Plastic Jacket]

» A fibre optic cable is made of high quality of thin glass or plastic and is used to transfer
digital data signals in the form of light up to distance of thousands of miles.

»  Fibre optic cables are not affected by electromagnetic interference, so noise and distortion is
very less.

» Fibre optic cables carry communication signals using pulses of light generated by small lasers
or light-emitting diodes (LEDs).




(’\

» The cable consists of one or more strands of glass, each only slightly thicker than a human
hair. The centre of each strand is called the core, which provides the pathway for light to
travel. The core is surrounded by a layer of glass called cladding that reflects light inward to
avoid loss of signal and allow the light to pass through bends in the cable. No light escapes
the glass core because of this reflective cladding.

Cable Jacket  Coating

Core

Cladding

Strengthening
Fibers

Strength
Member

Cladding

o

Outer
Jacket

Coating

Advantages of Optical Fibre:-

* Fibre optic cables have a much High bandwidth than metal cables. This means that they can
carry more data.

» Smaller Size and Lighter weight.

* low attenuation

* Not affected electromagnetic interference (No EMI interference)

» Signals carrying data can travel long distances without weakening

»  Suitable for industrial and noisy areas

Disadvantages of Optical Fibre:-

» Optical fibre cables are expensive
+ Difficult to install
* Maintenance is expensive and difficult

Question:Explain propagation modes in fiber optic cable with neat
diagram.
The different propagation modes in fiber optic cable are as follows:
» Multimode step index fiber: In multimode step index fiber, the core has one density
and the cladding has another density.




e Therefore at the interface, there is a sudden change that is why it is called step index.
Multiple beams take different paths on reflection as shown in figure.

e The beam that strikes core at a smaller angle that has to be reflected many more times
than the beam that shifted the core at a larger angle to reach other end. This means
that at the destination, all beams do not reach simultaneously. It is used for short
distances.

» Multimode graded-index fiber:
In this, core itself is made of a material of varying densities.
e The density is the highest at the core and gradually decreases towards the edge.

e Therefore, a beam gas through gradual refraction giving rise to a curve except that the
horizontal beam travels unchanged.
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» Single-mode:

e It uses step-index fiber and a highly focused source of light that limits beam to a
small range of angles, all close to horizontal.

e It is manufactured with much smaller diameter than that of multimode fiber and
with substantially lower density.

» The decrease in density results in a critical angle i.e. close enough to 90 to make
propagation of beams almost horizontal.
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Question:Draw a labeled diagram of fiber optic cable and state its
advantages.

A A

Core Coating Strengthening Cable




Advantages of fiber optic cable:
1.Higher data rate

2.Large Bandwidth

3.Less signal attenuation

4.Light weight.

5.More reliability

6.Long distance.

7.Higher security.

@)

Question: Differentiate between twisted pair coaxial cable and fiber optic cable (any 4

points).
Sr. Twisted pair Coaxial cable Fiber optic cable
No. cable

1 Transmission of | Transmission of | Signal transmission
signals of takes | signals takes | takes place 1n an
place in the | place in the | optical form over a
electrical form | electrical form | glass fiber.
over the metallic | over the 1inner
conducting wires. | conductor of the

cable.
