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Unit 1
Introduction to Computer Network


Data Communication is the exchange of data between two devices via some of transmission
medium such as a wire cable.
 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
3D ms. If some of the packets arrive with 3D-ms delay and others with 4D-ms delay, an uneven
quality in the video is the result.
Components

fig 1.1 Five components of data communication

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.
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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.
Topology
A Network Topology is the arrangement with which computer systems or network devices are
connected to each other. Topologies may define both physical and logical aspect of the network. Both
logical and physical topologies could be same or different in a same network.

Point to Point
Point-to-point networks contains exactly two hosts such as computer, switches, routers, or servers
connected back to back using a single piece of cable. Often, the receiving end of one host is connected to
sending end of the other and vice versa.
If the hosts are connected point-to-point logically, then may have multiple intermediate devices.
But the end hosts are unaware of underlying network and see each other as if they are connected directly.

Star Topology
 A star topology is designed with each node (file server,
workstations, and peripherals) connected directly to a central
network hub, switch, or concentrator.
 Data on a star network passes through the hub, switch, or
concentrator before continuing to its destination.
 The hub, switch, or concentrator manages and controls all
functions of the network. It also acts as a repeater for the data
flow.
 All the data on the star topology passes through the central device
before reaching the intended destination.
 Hub acts as a junction to connect different nodes present in Star Network, and at the same time it
manages and controls whole of the network.
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Depending on which central device is used, “hub” can act as repeater or signal booster.
Central device can also communicate with other hubs of different network. Unshielded Twisted
Pair (UTP) Ethernet cable is used to connect workstations to central node.

Advantages:
 As compared to Bus topology it gives far much better performance, signals don’t necessarily get
transmitted to all the workstations. A sent signal reaches the intended destination after passing
through no more than 3-4 devices and 2-3 links. Performance of the network is dependent on the
capacity of central hub.
 Easy to connect new nodes or devices. In star topology new nodes can be added easily without
affecting rest of the network. Similarly, components can also be removed easily.
 Centralized management. It helps in monitoring the network.
 Failure of one node or link doesn’t affect the rest of network. At the same time it’s easy to detect
the failure and troubleshoot it.
Disadvantages:
 Too much dependency on central device has its own drawbacks. If it fails whole network goes
down.
 The use of hub, a router or a switch as central device increases the overall cost of the network.
 Performance and as well number of nodes which can be added in such topology is depended on
capacity of central device.
Mesh Topology
 A mesh topology is a network setup where each computer and
network device is interconnected with one another.
 This topology setup allows for most transmissions to be
distributed even if one of the connections goes down. It is a
topology commonly used for wireless networks.
 Below is a visual example of a simple computer setup on a
network using a mesh topology.
Advantages of a mesh topology
 Manages high amounts of traffic, because multiple devices can transmit data simultaneously.
 A failure of one device does not cause a break in the network or transmission of data.
 Adding additional devices does not disrupt data transmission between other devices.
Disadvantages of a mesh topology
 The cost to implement is higher than other network topologies, making it a less desirable option.
 Building and maintaining the topology is difficult and time consuming.
 The chance of redundant connections is high, which adds to the high costs and potential for
reduced efficiency.
Ring Topology
A ring topology is a network configuration where device
connections create a circular data path. Each networked device is connected
to two others, like points on a circle. Together, devices in a ring topology are
referred to as a ring network.
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In a ring network, packets of data travel from one device to the next until they reach their
destination. Most ring topologies allow packets to travel only in one direction, called a unidirectional ring
network. Others permit data to move in either direction, called bidirectional.
The major disadvantage of a ring topology is that if any individual connection in the ring is broken, the
entire network is affected.
Ring topologies may be used in either LANs (local area networks) or WANs (wide area networks).
Depending on the network card used in each computer of the ring topology, a coaxial cable or an RJ45 network cable is used to connect computers together.
Advantages of a ring topology
 All data flows in one direction, reducing the chance of packet collisions.
 A network server is not needed to control network connectivity between each workstation.
 Data can transfer between workstations at high speeds.
 Additional workstations can be added without impacting performance of the network.
Disadvantages of a ring topology
 All data being transferred over the network must pass through each workstation on the network,
which can make it slower than a star topology.
 The entire network will be impacted if one workstation shuts down.
 The hardware needed to connect each workstation to the network is more expensive than Ethernet
cards and hubs/switches.
Bus Topology
bus topology is a network setup where each computer and
network device is connected to a single cable or backbone. Depending
on the type of computer network card, a coaxial cable or an RJ45 network cable is used to connect them together.
The following sections contain both the advantages and disadvantages
of using a bus topology with your devices.
Advantages of bus topology
 It works well when you have a small network.
 It's the easiest network topology for connecting computers or peripherals in a linear fashion.
 It requires less cable length than a star topology.
Disadvantages of bus topology
 It can be difficult to identify the problems if the whole network goes down.
 It can be hard to troubleshoot individual device issues.
 Bus topology is not great for large networks.
 Terminators are required for both ends of the main cable.
 Additional devices slow the network down.
 If a main cable is damaged, the network fails or splits into two.
Hierarchical Topology
 The hierarchical topology is also known as tree topology, which is divided into different levels
connected with the help of twisted pair, coaxial cable or fiber optics.
 This type of topology is arranged in the form of a tree structure in which top level contains parent
node (root node), which is connected with the child nodes in the second level of hierarchy with
point-to-point link.
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The second level nodes are connected to the third
level nodes, which in turn are connected to the fourth
level nodes and so on. Except the top-level nodes,
each level node has a parent node.
The number of point-to-point links in the hierarchical
type of topology is generally one less than the total
number of nodes in the structure.
The hierarchical topology is symmetrical, having a
fixed branching factor, f, associated with each node.
The branching factor is the number of point-to-point links between the levels of hierarchy.

Advantages of hierarchical topology are:
 The hierarchical topology is generally supported by most hardware and software.
 In the hierarchical topology, data is received by all the nodes efficiently because of point-to-point
link.
Disadvantages of hierarchical topology:
 In the hierarchical topology, when the root node fails, the whole network crashes.
 The hierarchical topology is difficult to configure.
Extended Star Topology
A tree topology combines characteristics of linear bus and star topologies.
It consists of groups of star-configured workstations connected to a linear bus
backbone cable.
Tree topologies allow for the expansion of an existing network, and enable
schools to configure a network to meet their needs.
Advantages of Extended Topology
 Point-to-point wiring for individual segments.
 Supported by several hardware and software venders.
Disadvantages of Extended Topology
 Overall length of each segment is limited by the type of cabling used.
 If the backbone line breaks, the entire segment goes down.
 More difficult to configure and wire than other topologies.

Base Band & Broad Band Topology
Baseband and broadband describe how data is transmitted between two nodes.
Baseband technology transmits a single data signal/stream/channel at a time while broadband technology
transmits multiple data signals/streams/channels simultaneously at the same time.
The following image shows an example of both technologies.
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To understand the basic differences between both technologies, consider the baseband as a railway
track and the broadband as a highway.
Like, at a time, only one train can go on a railway track, in the baseband transmission only one
data signal can be transmitted at a time.
Unlike a railway track on a highway, multiple vehicles can go simultaneously.
For example, on a 3 lanes highway, 3 vehicles can go at the same time. Same as a highway, in the
broadband transmission, multiple data signals can be transmitted at the same time.
Baseband technology uses digital signals in data transmission. It sends binary values directly as
pulses of different voltage levels. Digital signals can be regenerated using repeaters in order to
travel longer distances before weakening and becoming unusable because of attenuation.
Baseband supports bidirectional communication. It means, this technology can send and receive
data simultaneously. To support bidirectional communication, this technology uses two separate
electric circuits together; one for sending and another for receiving.
The following image shows an example of this.



Although baseband transmits only a single data stream at a time, it is possible to transmit signals
of multiple nodes simultaneously. This is done by combining all the signals into a single data
stream. To combine the signals of multiple nodes, a technology known as multiplexing is used.
Baseband supports the Time Division Multiplexing (TDM).
 Baseband technology is mainly used in Ethernet networks to exchange data between nodes. This
technology can be used on all three popular cable media types of Ethernet; coaxial, twisted-pair,
fiber-optic.
Broadband transmission
 Broadband technology uses analog signals in data transmission. This technology uses a special
analog wave known as the carrier wave.
 A carrier wave does not contain any data but contains all properties of the analog signal. This
technology mixes data/digital signal/binary values into the carrier wave and sends the carrier wave
across the channel/medium.
 To transmit data of multiple nodes simultaneously, this technology supports the Frequency
Division Multiplexing. FDM (Frequency Division Multiplexing) divides the channel (medium or
path) into several sub-channels and assigns a sub-channel to each node. Each sub-channel can
carry a separate carrier wave.
The following image shows an example of this process.
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Analog signals can be regenerated using amplifiers in order to travel longer distances.
Broadband supports only unidirectional communication.
It means, nodes connected at both ends of a medium can send or receive data but can’t perform
both actions simultaneously. Only one action is allowed at a time.
 For example, two nodes A and B are connected through a cable that uses broadband technology to
transmit signals.
 When node A transmits signals, node B receives the transmitted signals and when node B transmits
signals, node A receives the transmitted signals.
The following image shows this example.

 Broadband is typically used in an environment that transmits audio, video, and data
simultaneously. For example, Cable TV Networks, Radio stations, and Telephone companies.
Usually radio waves, coaxial, fiber-optic cables are used for broadband transmission.
Key differences between baseband and broadband transmissions
Baseband transmission
Broadband transmission
Transmit digital signals

Transmit analog signals

To boost signal strength, use repeaters

To boost signal strength, use amplifiers

Can transmit only a single data stream at a time
Support bidirectional communication simultaneously
Support TDM based multiplexing
Use coaxial, twisted-pair, and fiber-optic cables

Can transmit multiple signal waves at a time
Support unidirectional communication only
Support FDM based multiplexing
Use radio waves, coaxial cables, and fiber optic
cables

Mainly used in Ethernet LAN networks

Mainly used in cable and telephone networks
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Guided & Unguided Media:

These transmission media may be of two types −
 Guided − In guided media, transmitted data travels through cabling system that has a fixed path.
For example, copper wires, fibre optic wires, etc.
 Unguided − In unguided media, transmitted data travels through free space in form of
electromagnetic signal. For example, radio waves, lasers, etc.
Each transmission media has its own advantages and disadvantages in terms of bandwidth, speed, delay,
cost per bit, ease of installation and maintenance, etc. Let’s discuss some of the most commonly used
media in detail.
Twisted Pair Cable
 Copper wires are the most common wires used for
transmitting signals because of good performance at low
costs.
 They are most commonly used in telephone lines. However,
if two or more wires are lying together, they can interfere
with each other’s signals.
 To reduce this electromagnetic interference, pair of copper
wires are twisted together in helical shape like a DNA
molecule. Such twisted copper wires are called twisted pair.
 To reduce interference between nearby twisted pairs, the
twist rates are different for each pair.
 Up to 25 twisted pair are put together in a protective covering to form twisted pair cables that are
the backbone of telephone systems and Ethernet networks.
Advantages of twisted pair cable
Twisted pair cable are the oldest and most popular cables all over the world. This is due to the many
advantages that they offer −
 Trained personnel easily available due to shallow learning curve
 Can be used for both analog and digital transmissions
 Least expensive for short distances
 Entire network does not go down if a part of network is damaged
Disadvantages of twisted pair cable
With its many advantages, twisted pair cables offer some disadvantages too −
 Signal cannot travel long distances without repeaters
 High error rate for distances greater than 100m
 Very thin and hence breaks easily
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Not suitable for broadband connections
To counter the tendency of twisted pair cables to pick up noise signals, wires are shielded in the following
three ways −
 Each twisted pair is shielded.
 Set of multiple twisted pairs in the cable is shielded.
 Each twisted pair and then all the pairs are shielded.
Such twisted pairs are called shielded twisted pair (STP) cables. The wires that are not shielded but
simply bundled together in a protective sheath are called unshielded twisted pair (UTP) cables. These
cables can have maximum length of 100 metres.
Shielding makes the cable bulky, so UTP are more popular than STP. UTP cables are used as the last
mile network connection in homes and offices.
1. Unshielded Twisted Pair (UTP):
This type of cable has the ability to block interference and does not depend on a physical shield for
this purpose. It is used for telephonic applications.
Advantages:
 Least expensive
 Easy to install
 High-speed capacity
 Susceptible to external interference
 Lower capacity and performance in comparison to STP
 Short distance transmission due to attenuation
2. Shielded Twisted Pair (STP):
This type of cable consists of a special jacket to block external interference. It is used in fast -datarate Ethernet and in voice and data channels of telephone lines.
Advantages:
 Better performance at a higher data rate in comparison to UTP
 Eliminates crosstalk
 Comparatively faster
 Comparatively difficult to install and manufacture
 More expensive
 Bulky
Coaxial Cables
 Coaxial cables are copper cables with
better shielding than twisted pair cables, so
that transmitted signals may travel longer
distances at higher speeds. A coaxial cable
consists of these layers, starting from the
innermost −
 Stiff copper wire as core
 Insulating material surrounding the core
 Closely woven braided mesh of conducting
material surrounding the insulator.
 Protective plastic sheath encasing the wire
Coaxial cables are widely used for cable
TV connections and LANs.
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Advantages of Coaxial Cables
These are the advantages of coaxial cables −
 Excellent noise immunity
 Signals can travel longer distances at higher speeds, e.g. 1 to 2 Gbps for 1 Km cable
 Can be used for both analog and digital signals
 Inexpensive as compared to fibre optic cables
 Easy to install and maintain
Disadvantages of Coaxial Cables
These are some of the disadvantages of coaxial cables −
 Expensive as compared to twisted pair cables
 Not compatible with twisted pair cables
Optical Fibre
 Thin glass or plastic threads used to transmit data using
light waves are called optical fibre. Light Emitting
Diodes (LEDs) or Laser Diodes (LDs) emit light waves
at the source, which is read by a detector at the other
end. Optical fibre cable has a bundle of such threads
or fibres bundled together in a protective covering.
Each fibre is made up of these three layers, starting
with the innermost layer −
 Core made of high quality silica glass or plastic
 Cladding made of high quality silica glass or plastic,
with a lower refractive index than the core
 Protective outer covering called buffer
Note that both core and cladding are made of similar material. However, as refractive index of the
cladding is lower, any stray light wave trying to escape the core is reflected back due to total internal
reflection.
 Optical fiber is rapidly replacing copper wires in telephone lines, internet communication and
even cable TV connections because transmitted data can travel very long distances without
weakening.
 Single node fiber optic cable can have maximum segment length of 2 kms and bandwidth of up
to 100 Mbps. Multi-node fiber optic cable can have maximum segment length of 100 kms and
bandwidth up to 2 Gbps.
Advantages of Optical Fiber
Optical fiber is fast replacing copper wires because of these advantages that it offers −
 High bandwidth
 Immune to electromagnetic interference
 Suitable for industrial and noisy areas
 Signals carrying data can travel long distances without weakening
Disadvantages of Optical Fiber
Despite long segment lengths and high bandwidth, using optical fibre may not be a viable option for
every one due to these disadvantages −
 Optical fiber cables are expensive
 Sophisticated technology required for manufacturing, installing and maintaining optical fibre
cables
 Light waves are unidirectional, so two frequencies are required for full duplex transmission
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Infrared
 Low frequency infrared waves are used for very short distance communication like TV remote,
wireless speakers, automatic doors, hand held devices etc.
 Infrared signals can propagate within a room but cannot penetrate walls. However, due to such
short range, it is considered to be one of the most secure transmission modes.

Radio Wave
 Transmission of data using radio frequencies is
called radio-wave transmission.
 We all are familiar with radio channels that broadcast
entertainment programs.
 Radio
stations
transmit
radio
waves
using transmitters, which are received by the
receiver installed in our devices.
 Both transmitters and receivers use antennas to
radiate or capture radio signals.
 These radio frequencies can also be used for direct
voice communication within the allocated range. This range is usually 10 miles.
Advantages of Radio Wave
These are some of the advantages of radio wave transmissions −
 Inexpensive mode of information exchange
 No land needs to be acquired for laying cables
 Installation and maintenance of devices is cheap
Disadvantages of Radio Wave
These are some of the disadvantages of radio wave transmissions −
 Insecure communication medium
 Prone to weather changes like rain, thunderstorms, etc.

Overview of Data & Signal Bits:
Analog and Digital Data:
Analog data is continuous data that keeps changing over time, for example in an analog watch, the
hour, minute and second hands keep moving so you infer the time by looking at it, it keeps changing. On
the other hand, digital watch shows you discrete data such as 12:20 AM, 5:30 PM etc. at a particular
moment of time.
Analog and Digital Signals:
Similar to data, a signal can be analog or digital. An analog signal can have infinite number of
values in a given range, on the other hand a digital signal has limited number of values in a given range.
The following diagram shows analog and digital signals.
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Signals can be analog or digital. Analog signals can have an infinite number of values in a range; digital
signals can have only a limited number of values.

Bit rate and Baud rate
Bit rate:


Bitrate, as the name implies, describes the rate at which bits are transferred from one location to
another.
 In other words, it measures how much data is transmitted in a given amount of time. Bitrate is
commonly measured in bits per second (bps), kilobits per second (Kbps), or megabits per second
(Mbps).
 For example, a DSL connection may be able to download data at 768 kbps, while a Firewire
800 connection can transfer data up to 800 Mbps.
 Bitrate can also describe the quality of an audio or video file.
 For example, an MP3 audio file that is compressed at 192 Kbps will have a greater dynamic range
and may sound slightly more clear than the same audio file compressed at 128 Kbps.
 This is because more bits are used to represent the audio data for each second of playback.
 Similarly, a video file that is compressed at 3000 Kbps will look better than the same file
compressed at 1000 Kbps.
Problems:
Assume we need to download text documents at the rate of 100 pages per minute. What is the required
bit rate of the channel?
Solution: A page is an average of 24 lines with 80 characters in each line. If we assume that one
character requires 8 bits, the bit rate is
100 x 24 x 80 x 8 =1,636,000 bps =1.636 Mbps

Baud rate:


A baud is the number of signaling elements per second sent by a communications device such as
a modem, in theory, a modem with a high baud rate means fast transmission.
 The baud rate is therefore equal to the bit rate only if each signal element represents one bit
of information.
Difference between Bit Rate and Baud Rate
Sr. No.
Bit Rate
Baud Rate
1
Bit rate is transmission of number of bits per
Baud rate is number of signal units per
second.
second.
2
It can be defined as per second travel number It can be defined as per second number of
of bits.
changes.
3
Bit rate focusses on computer efficiency.
Baud rate focusses on data transmission.
4
Bit Rate = Baud rate x the number of bit per
Baud Rate = Bit rate / the number of bit per
baud
baud
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Modulation:
 Modulation is the process of encoding information from a message source in a way that is suitable
for transmission.
 This is achieved by altering the characteristics of a wave. By superimposing a message on to a
high frequency signal known as a carrier wave (or sinusoidal signal), video, voice and other data
can be transmitted.
 In the modulation process, a parameter of the carrier wave (such as amplitude, frequency or phase)
is varied in accordance with the modulating signal. This variation acts as a code for data
transmission.
 This modulated signal is then transmitted by the transmitter.
 The receiver demodulates the received modulated signal and gets the original information signal
back.
Modulating Signal
This signal is also termed as a message signal. It holds the data that has to be transmitted and so
this termed as message signal. It is considered as the baseband signal where it undergoes a modulation
process to get broadcasted or communicated. Because of this, it is the modulating signal.
Carrier Signal
This is the high range of frequency signal which is with specific amplitude, frequency, and phase
levels, but it does not hold any data. So, it is termed as carrier signal as it is an empty one. This is simply
utilized to transmit the message to the receiver section after the process of modulation.
Types of Modulation

Analog Modulation
 In this modulation, a continuously varying sine wave is used as a carrier wave that modulates the
message signal or data signal.
 They are mainly amplitude, frequency, and phase, so the types of analog modulation are:
o Amplitude modulation (AM)
o Frequency modulation (FM)
o Phase modulation (PM)
In amplitude modulation, the amplitude of the carrier wave is varied in proportion to the message signal,
and the other factors like frequency and phase remain constant. The modulated signal is shown in the
below figure, and its spectrum consists of a lower frequency band, upper-frequency band, and carrier
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frequency components. This type of modulation requires greater bandwidth, more power. Filtering is very
difficult in this modulation.

Fig: Types of Analog Modulation

Frequency modulation (FM) varies the frequency of the carrier in proportion to the message or data
signal while maintaining other parameters constant. The advantage of FM over AM is the greater
suppression of noise at the expense of bandwidth in FM. It is used in applications like radio, radar,
telemetry seismic prospecting, and so on. The efficiency and bandwidths depend on the modulation index
and maximum modulating frequency.
In phase modulation, the carrier phase is varied in accordance with the data signal. In this type of
modulation, when the phase is changed it also affects the frequency, so this modulation also comes under
frequency modulation.
Analog modulation (AM, FM, and PM) is more sensitive to noise. If noise enters into a system, it persists
and gets carried till the end receiver. Therefore, this drawback can be overcome by the digital modulation
technique.

Fig: AM

Digital Modulation
 The main advantages of digital modulation over analog modulation include permissible power,
available bandwidth, and high noise immunity.
 In digital modulation, a message signal is converted from analog to digital message and then
modulated by using a carrier wave.
 The carrier wave is keyed or switched on and off to create pulses such that the signal is modulated.
Similar to the analog, here the parameters like amplitude, frequency, and phase variation of the
carrier wave decides the type of digital modulation.
 The types of digital modulation are based on the type of signal and application used such as
Amplitude Shift Keying, Frequency Shift Keying, Phase Shift Keying, Differential Phase Shift
Keying, Quadrature Phase Shift Keying, Minimum Shift Keying, Gaussian Minimum Shift
Keying, Orthogonal Frequency Division Multiplexing, etc., as shown in the figure.
 Amplitude shift keying changes the amplitude of the carrier wave based on the baseband signal or
message signal, which is in digital format. It is used for low-band requirements and is sensitive to
noise. In frequency-shift keying, the frequency of the carrier wave is varied for each symbol in
the digital data.
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It needs larger bandwidths as shown in the figure. Similarly, the phase shift keying changes the
phase of the carrier for each symbol and it is less sensitive to noise.

Amplitude Modulation(AM):
 “The amplitude of the carrier signal varies in accordance with the instantaneous amplitude of the
modulating signal.” Which means, the amplitude of the carrier signal containing no information
varies as per the amplitude of the signal containing information, at each instant.
 This can be well explained by the following figures.






The first figure shows the modulating wave, which is the message signal.
The next one is the carrier wave, which is a high frequency signal and contains no information.
While, the last one is the resultant modulated wave.
It can be observed that the positive and negative peaks of the carrier wave, are interconnected
with an imaginary line.
This line helps recreating the exact shape of the modulating signal. This imaginary line on the
carrier wave is called as Envelope. It is the same as that of the message signal.
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Mathematical Expressions
Following are the mathematical expressions for these waves.
Time-domain Representation of the Waves
Let the modulating signal be,

and the carrier signal be,
c(t)=Accos(2πfct)c(t)=Accos(2πfct)
Where,
Am and Ac are the amplitude of the modulating signal and the carrier signal respectively.
fm and fc are the frequency of the modulating signal and the carrier signal respectively.
Then, the equation of Amplitude Modulated wave will be

Modulation Index
 A carrier wave, after being modulated, if the modulated level is calculated, then such an attempt
is called as Modulation Index or Modulation Depth. It states the level of modulation that a
carrier wave undergoes.
Rearrange the Equation 1 as below.

Where, μ is Modulation index and it is equal to the ratio of Am and Ac.
Mathematically, we can write it as

Hence, we can calculate the value of modulation index by using the above formula, when the
amplitudes of the message and carrier signals are known.
Now, let us derive one more formula for Modulation index by considering Equation 1. We can use this
formula for calculating modulation index value, when the maximum and minimum amplitudes of the
modulated wave are known.
Let Amax and Amin be the maximum and minimum amplitudes of the modulated wave.
We will get the maximum amplitude of the modulated wave, when cos(2πfmt)cos is 1.

We will get the minimum amplitude of the modulated wave, when cos(2πfmt) is -1.
Add Equation 4 and Equation 5.

16

Subtract Equation 5 from Equation 4.

The ratio of Equation 7 and Equation 6 will be as follows.









Therefore, Equation 3 and Equation 8 are the two formulas for Modulation index.
The modulation index or modulation depth is often denoted in percentage called as Percentage
of Modulation. We will get the percentage of modulation, just by multiplying the modulation
index value with 100.
For a perfect modulation, the value of modulation index should be 1, which implies the
percentage of modulation should be 100%.
For instance, if this value is less than 1, i.e., the modulation index is 0.5, then the modulated
output would look like the following figure. It is called as Under-modulation. Such a wave is
called as an under-modulated wave.

If the value of the modulation index is greater than 1, i.e., 1.5 or so, then the wave will be an overmodulated wave. It would look like the following figure.

17



As the value of the modulation index increases, the carrier experiences a 180o phase reversal,
which causes additional sidebands and hence, the wave gets distorted. Such an over-modulated
wave causes interference, which cannot be eliminated.
Bandwidth of AM Wave
 Bandwidth (BW) is the difference between the highest and lowest frequencies of the signal.
Mathematically, we can write it as

Consider the following equation of amplitude modulated wave.

Hence, the amplitude modulated wave has three frequencies. Those are carrier frequency fc, upper
sideband frequency fc+fm and lower sideband frequency fc−fm
Here,

Substitute, fmax and fmin values in bandwidth formula.

Thus, it can be said that the bandwidth required for amplitude modulated wave is twice the frequency
of the modulating signal.
Power Calculations of AM Wave
Consider the following equation of amplitude modulated wave.

Power of AM wave is equal to the sum of powers of carrier, upper sideband, and lower sideband
frequency components.
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We know that the standard formula for power of cos signal is

Where,
Vrms is the rms value of cos signal.
Vm is the peak value of cos signal.
First, let us find the powers of the carrier, the upper and lower sideband one by one.
Carrier power

Upper sideband power

Similarly, we will get the lower sideband power same as that of the upper side band power.

Now, let us add these three powers in order to get the power of AM wave.





We can use the above formula to calculate the power of AM wave, when the carrier power and
the modulation index are known.
If the modulation index μ=1 then the power of AM wave is equal to 1.5 times the carrier power.
So, the power required for transmitting an AM wave is 1.5 times the carrier power for a perfect
modulation.

The advantages of amplitude modulation include the following.
o Amplitude modulation is economical as well as easily obtainable
o It is so simple to implement, and by using a circuit with fewer components it can be demodulated.
o The receivers of AM are inexpensive because it doesn’t require any specialized components.
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The disadvantages of amplitude modulation include the following.
o The efficiency of this modulation is very low because it uses a lot of power
o This modulation uses amplitude frequency several times to modulate the signal by a carrier signal.
o This declines the original signal quality on the receiving end & causes troubles in the signal quality.
o AM systems are susceptible toward the generation of noise generation.
o The applications of amplitude modulation limits to VHF, radios, & applicable one to one
communication only
Phase Modulation(PM)
 The term PM or phase modulation definition is a type of modulation intended for transmitting
communication signals.
 It changes message signal in accordance with the carrier signal due to differences in the immediate
phase.
 This modulation is the combination of two principal forms such as frequency
modulation and angle modulation.
 The carrier signal’s phase is modulated to follow the amplitude of the message signal.
 Both pinnacle amplitude, as well as the carrier signal’s frequency, is maintained stable, although
when the message signal’s amplitude changes, then the carrier signals phase also changes.
 Phase Modulation can be defined as the Phase of the carrier (Ø) signal is varied proportional to
(in accordance with) the Amplitude of the input modulating signal.

PM Equation:
V = A sin [ wct + Ø ]
V = A sin [ wct + mp sin wmt ]
A = Amplitude of PM signal
mp = Modulation Index of PM
wm = 2π fm wc = 2π fc
V = A sin [2π fct + mp sin2π fmt]
 The phase modulation diagram is shown above.
 The carrier phase deviation will be more if the input signal amplitude increases and vice versa.
 When the input amplitude increases (+ve slope) the carrier undergoes phase lead. When the input
amplitude decreases (-ve slope) the carrier undergoes phase lag.
 Therefore as the input amplitude increases, the magnitude of the phase lead also goes on increasing
from instant to instant. For example, if the phase lead was 30 degrees at t =1 sec, the phase lead
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increases to 35 degrees at t = 1.1 sec and so on. Increase in phase lead is equivalent to an increase
in frequency.
Similarly, as the input amplitude decreases, the magnitude of the phase lag also goes on increasing
from instant to instant. For example, if the phase lag was 30 degrees at t =1 sec, the phase lag
increases to 35 degrees at t = 1.1 sec and so on. Increase in phase lag is equivalent to decrease
frequency.
Therefore phase modulation waveform will be similar to FM waveform in all aspects.

Forms of Phase Modulation
 Even though PM is used in analog transmissions, it is widely used as a digital type of modulation
wherever it controls among dissimilar phases, which is known as PSK (phase shift keying), and
there are several forms are available in this.
 It is still possible to merge PSK (phase shift keying) & AK (amplitude keying) in a type of
modulation is also called as QAM (quadrature amplitude modulation). Some of the forms of
FM that are used are listed below.
o Phase Modulation (PM)
o Phase Shift Keying (PSK)
o Binary Phase Shift Keying (BPSK)
o Quadrature Phase Shift Keying (QPSK)
o 8-Point Phase Shift Keying (8 PSK)
o 16-Point Phase Shift Keying (16 PSK)
o Offset Phase Shift Keying (OPSK)
The above showed list is some of the forms of PM which are frequently used in the applications of radio.
Advantages and Disadvantages of Phase Modulation
The advantages of phase modulation include the following.
o Phase modulation (PM) is a simple contrasted to Frequency modulation (FM).
o It is used to find out the velocity of a target by removing Doppler data. This needs constant carrier
which is achievable during phase modulation however not in FM (frequency modulation).
o The main benefit of this modulation is signal modulation because it permits computer for
communicating on high-speed using a telephone system.
o When the information is being transmitted without intrusion then the speed rates can be observed.
o And one more advantage of PM (phase modulation) is improved immunity toward the noise.
The disadvantages of phase modulation include the following.
o Phase modulation needs two signals by a phase variation among them. Through this, both the two
patterns are required like a reference as well as a signal.
o This type of modulation requires hardware which obtains more complex due to its conversion
technique.
o Phase ambiguity arrives if we exceed index pi radian of modulation (1800).
o Phase modulation index can be enhanced by employing frequency multiplier.

Frequency Modulation
 In amplitude modulation, the amplitude of the carrier signal varies. Whereas, in Frequency
Modulation (FM), the frequency of the carrier signal varies in accordance with the instantaneous
amplitude of the modulating signal.
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Hence, in frequency modulation, the amplitude and the phase of the carrier signal remains
constant. This can be better understood by observing the following figures.



The frequency of the modulated wave increases, when the amplitude of the modulating or message
signal increases.
 Similarly, the frequency of the modulated wave decreases, when the amplitude of the modulating
signal decreases.
 Note that, the frequency of the modulated wave remains constant and it is equal to the frequency
of the carrier signal, when the amplitude of the modulating signal is zero.
Mathematical Representation
The equation for instantaneous frequency fi in FM modulation is

Where,
fc is the carrier frequency
kt is the frequency sensitivity
m(t) is the message signal
We know the relationship between angular frequency wi and angle θi(t) as

Substitute, fi value in the above equation.
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Substitute, θi(t) value in the standard equation of angle modulated wave.

This is the equation of FM wave.
If the modulating signal is

then the equation of FM wave will be



The difference between FM modulated frequency (instantaneous frequency) and normal carrier
frequency is termed as Frequency Deviation. It is denoted by Δf ,which is equal to the product
of kf and Am.
 FM can be divided into Narrowband FM and Wideband FM based on the values of modulation
index β.
Narrowband FM
Following are the features of Narrowband FM.
 This frequency modulation has a small bandwidth when compared to wideband FM.
 The modulation index ββ is small, i.e., less than 1.
 Its spectrum consists of the carrier, the upper sideband and the lower sideband.
 This is used in mobile communications such as police wireless, ambulances, taxicabs, etc.
Wideband FM
Following are the features of Wideband FM.
 This frequency modulation has infinite bandwidth.
 The modulation index β is large, i.e., higher than 1.
 Its spectrum consists of a carrier and infinite number of sidebands, which are located around it.
 This is used in entertainment, broadcasting applications such as FM radio, TV, etc.
Advantages of frequency modulation, FM:
 Resilience to noise:
o One particular advantage of frequency modulation is its resilience to signal level variations. The
modulation is carried only as variations in frequency.
o This means that any signal level variations will not affect the audio output, provided that the signal
does not fall to a level where the receiver cannot cope.
o As a result this makes FM ideal for mobile radio communication applications including more
general two-way radio communication or portable applications where signal levels are likely to
vary considerably.
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The other advantage of FM is its resilience to noise and interference. It is for this reason that FM
is used for high quality broadcast transmissions.
 Easy to apply modulation at a low power stage of the transmitter:
o
Another advantage of frequency modulation is associated with the transmitters.
o It is possible to apply the modulation to a low power stage of the transmitter, and it is not necessary
to use a linear form of amplification to increase the power level of the signal to its final value.
 It is possible to use efficient RF amplifiers with frequency modulated signals:
o It is possible to use non-linear RF amplifiers to amplify FM signals in a transmitter and these are
more efficient than the linear ones required for signals with any amplitude variations (e.g. AM and
SSB).
o This means that for a given power output, less battery power is required and this makes the use of
FM more viable for portable two-way radio applications.
Disadvantages of frequency modulation, FM:
 FM has poorer spectral efficiency than some other modulation formats:
o Some phase modulation and quadrature amplitude modulation formats have a higher spectral
efficiency for data transmission than frequency shift keying, a form of frequency modulation.
o As a result, most data transmission system use PSK and QAM.
 Requires more complicated demodulator:
o One of the minor disadvantages of frequency modulation is that the demodulator is a little more
complicated, and hence slightly more expensive than the very simple diode detectors used for AM.
o However this is much less of an issue these days because many radio integrated circuits incorporate
a built in frequency demodulator.
 Some other modes have higher data spectral efficiency:
o Some phase modulation and quadrature amplitude modulation formats have a higher spectral
efficiency for data transmission that frequency shift keying, a form of frequency modulation.
o As a result, most data transmission system use PSK and QAM.
 Sidebands extend to infinity either side:
o The sidebands for an FM transmission theoretically extend out to infinity.
o They are normally significant for wideband frequency modulation transmissions, although small
for narrow band FM.
o To limit the bandwidth of the transmission, filters are often used, and these introduce some
distortion of the signal.
o Normally this is not too much of an issue although care has to be taken to include these filters for
wideband FM and to ensure they are properly designed.
Multiplexing:
 Multiplexing is a technique by which different analog and digital streams of transmission can be
simultaneously processed over a shared link.
 Multiplexing divides the high capacity medium into low capacity logical medium which is then
shared by different streams.
 Communication is possible over the air (radio frequency), using a physical media (cable), and
light (optical fiber). All mediums are capable of multiplexing.
 When multiple senders try to send over a single medium, a device called Multiplexer divides the
physical channel and allocates one to each. On the other end of communication, a De-multiplexer
receives data from a single medium, identifies each, and sends to different receivers.
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Time Division Multiplexing:

 A multiplexing technique by which multiple data signals can be transmitted over a common
communication channel in different time slots is known as Time Division Multiplexing
(TDM).
 It allows the division of the overall time domain into various fixed length time slots. A
single frame is said to be transmitted when it’s all signal components gets transmitted over
the channel.
Theory of TDM
 As we know, multiplexing allows the transmission of several signals over a common channel.
 However, one may need to differentiate between the various signal for proper data transmission.
 So, in time division multiplexing, the complete signal gets transmitted by occupying different
time slots.
 The name itself is indicating here that basically time division is performed in order to multiplex
multiple data signals.
Let us have a look at the figure below in order to have a better understanding of the TDM process.




As we can see that source A, B and C wants to transmit data through a common medium.
Thus, the signal from the 3 sources, is divided into multiple frames each having their fixed time
slot. Here, 3 units from each source are taken into consideration, that jointly form the actual signal.
 A frame is transmitted at a time that is composed of one unit of each source. As these units are
entirely different from each other thus the chances of unnecessary signal mixing can be eliminated.
 When a frame gets transmitted over the particular time slot, the next frame uses the same channel
to get transmitted and the process is further repeated until the completion of the transmission.
 Here, we have taken the example of 3 different sources, but one can perform multiplexing of n
source signals. It is noteworthy here that units of a single source must be equivalent to the total
number of source signals to be transmitted.
 Both analog and digital signals can be multiplexed using time division multiplexing, but its
processing technique allows the multiplexing of digital signals conveniently rather than analog
one.
TDM system
 The figure below shows the block diagram of a TDM system employing both transmitter and
receiver section.
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The technique efficiently utilizes the complete channel for data transmission hence sometimes
known as PAM/TDM. This is so because a TDM system uses a pulse amplitude modulation. In
this modulation technique, each pulse holds some short time duration allowing maximal channel
usage.
Here at the beginning, the system consists of multiple LPF depending on the number of data inputs.
These low pass filters are basically anti-aliasing filters that eliminate the aliasing of the data input
signal.
The output of the LPF is then fed to the commutator. As per the rotation of the commutator the
samples of the data inputs are collected by it. Here, fs is the rate of rotation of the commutator,
thus denotes the sampling frequency of the system.
Suppose we have n data inputs, then one after the other, according to the rotation, these data inputs
after getting multiplexed transmitted over the common channel.
Now, at the receiver end, a de-commutator is placed that is synchronized with the commutator at
the transmitting end. This de-commutator separates the time division multiplexed signal at the
receiving end.
The commutator and de-commutator must have same rotational speed so as to have accurate demultiplexing of the signal at the receiving end.
According to the rotation performed by the de-commutator, the samples are collected by the LPF
and the original data input is recovered at the receiver.

In this way a TDM works.
Let fm be the maximum signal frequency and fs is the sampling frequency then

Thus, the time duration in between successive sample is given as,
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Now, as we have considered that there are N input channels, then one sample is collected from
each of the N samples.
Hence, each interval will provide us with N samples and the spacing between the two is given as



We know pulse frequency is basically the number of pulses per second and is given by

 For a TDM signal pulse per second is the signalling rate denoted as ‘r’.
Thus,
Types of TDM
The different types of TDM include the following.
 Synchronous TDM
 Asynchronous TDM
 Interleaving TDM
 Statistical TDM

Types of TDM
Synchronous TDM (STDM)
 In synchronous TDM, each device is given same time slot to transmit the data over the link,
irrespective of the fact that the device has any data to transmit or not. Hence the name Synchronous
TDM. Synchronous TDM requires that the total speed of various input lines should not exceed
the capacity of path.
 Each device places its data onto the link when its time slot arrives i.e. each device is given the
possession of line turn by turn.
 If any device does not have data to send then its time slot remains empty.
 The various time slots are organized into frames and each frame consists of one or more time
slots dedicated to each sending device.
 If there are n sending devices, there will be n slots in frame i.e. one slot for each device.
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As show in fig, there are 3 input devices, so there are 3 slots in each frame.

Multiplexing Process in STDM
 In STDM every device is given the opportunity to transmit a specific amount of data onto the link.
 Each device gets its turn in fixed order and for fixed amount of time. This process is known as
interleaving.
 We can say that the operation of STDM is similar to that of a fast interleaved switch. The switch
opens in front of a device; the device gets a chance to place the data onto the link.
 Such an interleaving may be done on the basis of a hit, a byte or by any other data unit.
 In STDM, the interleaved units are of same size i.e. if one device sends a byte, other will also send
a byte and so on.
 As shown in the fig. interleaving is done by a character (one byte). Each frame consists of four
slots as there are four input devices. The slots of some devices go empty if they do not have any
data to send.
 At the receiver, demultiplexer decomposes each frame by extracting each character in turn. As a
character is removed from frame, it is passed to the appropriate receiving device.

Disadvantages of Synchronous TDM
 The channel capacity cannot be fully utilized. Some of the slots go empty in certain frames. As
shown in fig only first two frames are completely filled. The last three frames have 6 empty slot.
It means out of 20 slots in all, 6 slots are empty. This wastes the l/4th capacity of links.
 The capacity of single communication line that is used to carry the various transmission should
be greater than the total speed of input lines.
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Asynchronous TDM
 It is also known as statistical time division multiplexing.
 Asynchronous TDM is called so because is this type of multiplexing, time slots are not
fixed i.e. the slots are flexible.
 Here, the total speed of input lines can be greater than the capacity of the path.
 In synchronous TDM, if we have n input lines then there are n slots in one frame. But in
asynchronous it is not so.
 In asynchronous TDM, if we have n input lines then the frame contains not more than m slots,
with m less than n (m < n).
 In asynchronous TDM, the number of time slots in a frame is based on a statistical analysis of
number of input lines.









In this system slots are not predefined, the slots are allocated to any of the device that has data to
send.
The multiplexer scans the various input lines, accepts the data from the lines that have data to
send, fills the frame and then sends the frame across the link.
If there are not enough data to fill all the slots in a frame, then the frames are transmitted partially
filled.
Asynchronous Time Division Multiplexing is depicted in fig. Here we have five input lines and
three slots per frame.
In Case 1, only three out of five input lines place data onto the link i.e. number of input lines and
number of slots per frame are same.
In Case 2, four out of five input lines are active. Here number of input line is one more than the
number of slots per frame.
In Case 3, all five input lines are active.

In all these cases, multiplexer scans the various lines in order and fills the frames and transmits them
across the channel.
The distribution of various slots in the frames is not symmetrical. In case 2, device 1 occupies first slot
in first frame, second slot in second frame and third slot in third frame.
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Interleaving TDM
 The TDM can be imagined like two speedy rotary switches on the multiplexing & demultiplexing
surface.
 These switches can be rotated & synchronized in reverse directions. Once the switch releases at
the surface of the multiplexer ahead of a connection, then it has a chance of sending a unit into the
lane.
 Similarly, once the switch releases at the surface of the de-multiplexer ahead of a connection a
chance to receiving a unit from the lane. This procedure is named interleaving.
Statistical TDM
 The statistical TDM is applicable to transmit different types of data simultaneously across a single
cable.
 This is frequently used to handle data being transmitted through a network like LAN (or) WAN.
The transmission of data can be done from the input devices which are connected to networks like
computers, fax machines, printers, etc.
 The statistical TDM can be used in the settings of telephone switchboards to control the calls.
 This type of technique is comparable to dynamic bandwidth distribution, and a communication
channel is separated into a random data stream number.
Advantages:
There are some advantages of time division multiplexing which are given below,
o Time division multiplexing systems are more flexible than frequency division multiplexing.
o Time division multiplexing circuitry is not complex.
o Problem of cross talk is not severe.
o Full available channel bandwidth can be utilized for each channel.
Disadvantage:
There are some disadvantages of time division multiplexing which are given below,
o Synchronization is required in time division multiplexing.
o Complex to implement.
o Due to slow narrowband fading, all the TDM channels may get wiped out.
Frequency Division Multiplexing
o It is an analog technique.
o Frequency Division Multiplexing is a technique in which the available bandwidth of a single
transmission medium is subdivided into several channels.
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In the above diagram, a single transmission medium is subdivided into several frequency channels,
and each frequency channel is given to different devices. Device 1 has a frequency channel of
range from 1 to 5.
The input signals are translated into frequency bands by using modulation techniques, and they
are combined by a multiplexer to form a composite signal.
The main aim of the FDM is to subdivide the available bandwidth into different frequency channels
and allocate them to different devices.
Using the modulation technique, the input signals are transmitted into frequency bands and then
combined to form a composite signal.
The carriers which are used for modulating the signals are known as sub-carriers. They are
represented as f1,f2..fn.
FDM is mainly used in radio broadcasts and TV networks.

Advantages of FDM:
o FDM is used for analog signals.
o FDM process is very simple and easy modulation.
o A Large number of signals can be sent through an FDM simultaneously.
o It does not require any synchronization between sender and receiver.
Disadvantages of FDM:
o FDM technique is used only when low-speed channels are required.
o It suffers the problem of crosstalk.
o A Large number of modulators are required.
o It requires a high bandwidth channel.
Statistical Time Division Multiplexing (STDM)
 Statistical time-division multiplexing (STDM) is a form of communication link sharing, which is
almost identical to dynamic bandwidth allocation (DBA).
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In STDM, a communication channel is split into a random range of variable bit-rate data streams
or digital channels.
The link sharing is tailored for the instantaneous traffic requirements of the data streams which are
transmitted over every channel.
This type of multiplexing is a replacement for creating a fixed link sharing, such as in standard
time division multiplexing (TDM) and frequency division multiplexing (FDM).
Upon precise execution, STDM can offer an improvement in link utilization, referred to as the
statistical multiplexing gain.
STDM is facilitated by means of packet-mode or packet-oriented communication.
Statistical time-division multiplexing (STDM) is sharing a communication like TDM but like the
TDM the time slots are not allocated to any channel. In the case of TDM, time slots are allocated
to channels and reserved even if there is no data to send.
This allocation is just wastage of the bandwidth and Statistical time-division multiplexing
overcome this inefficiency of standard TDM.
Statistical time-division multiplexing achieved this with the use of intelligent devices that are
capable of identifying when a terminal is idle.
STDM was specially developed to overcome the inefficiency of TDM. It uses a variable time slot
length allowing channels to use any free slot space for sending their information. It uses a buffer
memory for temporarily stores the data during periods of peak traffic. STDM requires each
transmission to carry identification information or a channel identifier.
Statistical time-division multiplexing is mainly the same as TDM except that every signal is
assigned a slot based on priority and demand. Standard TDM and various other circuits switching
technique are executed at the physical layer in the OSI and TCP/IP model but Statistical timedivision multiplexing is executed at the data link layer and above.
The STDM is used to transport multiple data, audio and video streams with different data rates to
be broadcasted across a bandwidth-limited channel. The example is the Frame relay packetswitching and X.25 protocols, in which the packets have different lengths. The STDM is the
example of Asynchronous Transfer Mode packet-switched protocol.
In the Asynchronous Transfer Mode, single streams are classified in variable time segments and
subsequently transmitted using the asynchronous time-division multiplexing procedure. There no
defines the order for the bit transmission in this mode. Each time slot carries channel information
to separate the packet in the de-multiplexer procedure. The figure below illustrates the STDM
process.
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