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Chapter No: 2
TRANSMSSON MEDIA

Transrission Media

+ Trangrisson mediumis the way in which data is trangmitted from one gace to another.

* It provide a pathway over which the message can travel from sender-toreceiver.

* Each of the message can be sent in the formof data by converting theminto binary digits

* These binary digits are then enaoded into a sgnal that can be tranamitted over the apgropriate

medium
media
guided unguided
co-axial cable twisted pair fiber infrared  rediowave  microwave
I.  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/Quided
Media

1. Twigted Rair Cable
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Atwisted mair cable isa pair of coper wires

opper wires are the most conmon wires used for trangnitting signals because of good
performance at low costs

Atwisted pair condsts of two conductors (normally copper), each with its own dastic insulation,
twisted together to forma single media.

Out of these two wires only one carries adtual signal and another isused for ground reference.
To identify every cable, these cables are alour aated.

The twigts between wires are helful in redudng noise (eledro-magnetic interference) and aosstalk.
Thistype of cable is used in telephone lines to provide voice and data channels

Types of Twisted Pair

The two types of twisted pairsare:
1 Unshielded twisted pair (UTP

2. Shielded twisted pair (STP
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1.  Unshielded twisted pair (UTP:-

* UTPis more cormmon.
+ UTP gt lessthan STPand easly available due to its many use.

« Due to its low cogt, UTP cabling is used extensively for local-area networks (LANS) and teleghone
oonnedions

+ UTPcables consist of 2 or 4 mirs of twisted cable.
* Cable with 2 pair use Rl connedor and 4 pair cable use R}45 connedor.

Un=hielded Twisted Pair Cable =

Advantages of UTP
Easy indtallation and setup

Capable of high speed for LAN
Low aodt.

UTPis very flexible.

Disadvantages of UTP.
Short distance due to attenuation.

Limited bandwidth.

Adication
®nmonly used in telephone lines

2. Shielded twisted pair (STP:-

-
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« Thistype of cable hasa metal foil cvering which encases each air of insulator condudors
+ Hedromagnetic noise penetration is prevented by metal casing. Shielding also dliminates aosstalk.

« It isdmilar to UTPbut has a mesh shielding that's protedss it from BM which allows for higher
trangrisson rate.

« It is more expengive than aaxial and unshielded twisted pair.

Shielded Twisted Pair Cable T

Advantages of SIP
STPreduces interference.

Fagter than UTPand aaxial cable.
Better performance at higher data rates

Disadvantages of STP.
More expensve than UTPand aaxial cable.

More difficult installation and setup
Hgh attenuation rate.

Hgh oot

Question: Exdain the construction of Shielded Twisted Pair Cable.

STPis similar to UTPbut with each pair covered by an additional copper braid jacket
or foil wrapping. This shielding helps to protect the signals on the cables fromexternal
interference.

Shielding provides a meansto reflect or absorb electric fields that are present around



cablels Shiek;lzi(?g comesin a variety of forms from copper braiding or copper meshes to
aluminized.

STPis more expensive than UTPbut has the benefit of being able to support higher
trangmission rates over longer distances.

STPis heavier and more difficult to manufacture, but it can greatly inprove the
signaling rate in a given transmission scheme Twisting provides cancellation of
magnetically induced fields and currentson a pair of conductors.

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

STPis used in IBMtoken ring networks.
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Figure: Construction of Shielded Twisted Pair

+  RM5 monnectors is used with Ethernet cables in computer networking.
+ R} oonnedtorsis used in connecting telephone units.




(axial Cable

-

(axial cables are copper cables with better shielding than twisted pair cables, so that
trangmitted signals may travel longer distances at higher speeds.

The shield minimizes electrical and radio frequency interference.

(axial cabling isthe primary type of cabling used by the cable television industry
and isalso widely used for computer networks, such as Bhernet.

aa

Quter conductor
Plastic cover (shield)

Qaxial cable hastwo wires of copper.

Inner conductor
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«  The core/inner copper wire in centre and is made of solid condudtor. It is endosed in
an insulating sheath.

«  The second/outer copper wire iswrapped around, and is used to protect fromexternal
electromagnetic interference (Noise).

+ Thisall is covered by pastic cover used to protect the inner layers fromphysical
damage such asfire or water.

(axial Cable Standards

+  (oaxial cables are categorized by their Radio Government (RG) ratings. Each RG

nurrber denotes a unique set of physical spedfications
+ 50-Ohm RG7or RG-T1 : used with thick Ehernet.

* 50-Ohm RG58 :used with thin Ethernet
« 750hm RG59 : used with cable television
\>¢:‘; e w

Advantages of -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 Go-axial Cable:
Limted in network speed.

Limited in size of network.
One bad connedor can take down entire network.
(ax is among the most expendve types of wire cables

Adications of (-axial Cable:
Digit Analog telechone n/w.

Analog telephone nvw.
CGable TV.
Bhernet LANs — Thidk and Thin.

Digital trangmission.
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Long distance telechone trangmisson— can carry 10,000 voice calls

Question: Draw a labeled diagramof coaxial cable.

Outer jacket i
/ Braided shield
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Fibre Optics Cable

Afibre optic cable is made of high quality of thin glassor pasticand isused to
transfer digital data signalsin the formof light upto 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 dlightly 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 dadding that
reflects light inward to avoid loss of signal and allow the light to pass through bends
in the cable. Nb light escapes the glass core because of this reflective dadding.

Cable Jacket  Coating

Core

Cladding

Strengthening
Fibers

Strength
Member

Cladding

Coating

Advantages of Optical Fibre:-
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* Fibre optic cables have a much Hgh bandwidth than metal cables This meansthat they can
arry more data.

* Smaller Size and Lighter weight.

* low attenuation

* Not affedted eledromagnetic interference (No BM interference)

« Signals carrying data can travel long distances without weakening
« Suitable for indudtrial and noisy areas

Disadvantages of Ogtical Fibre:-
« Optical fibre cables are expendve

« Diffiault to ingtall
* Maintenance is expensgive and diffiault

Question:Exdain propagation modes in fiber optic cable with neat
diagram
The different propagation modes in fiber optic cable are asfollows:
Multimode stepindex fiber: In multimode stepindex fiber, the core has one density and
the dadding has another density.
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~ Therefore at the interface, there isa sudden change that iswhy it is called stepindex
Multide beams take different paths on reflection as shown in figure.

The beamthat strikes core at a smaller angle that hasto be reflected many more
times than the beamthat 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 distanaes.

Multimode graded-index fiber:
In this core itself ismade of a material of varying densities.
The density is the highest at the core and gradually decreases towards the edge.
Therefore, a beamgas through gradual refraction giving rise to a curve except that the
horizontal beamtravels unchanged.
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Sngletmode:

it uses stepindex fiber and a highly focused source of light that limits beamto a smalll
range of angles all dose to horizontal.

it is manufactured with much smaller diameter than that of multinode fiber and with
substantially lower density.

The dearease in density resultsin a critical angle i.e. dose enough to 90 to make
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propagation of beams almost horizontal.
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Question:Draw a labeled diagramof fiber optic cable and state its

advantages.
e — [
[ A A
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Core Coating Strengthening Cable
Cladding Fibers Jacket

Advantages of fiber opticcable:
1Hgher data rate

2Large Bandwidth

3.Less signal attenuation
4Light weight.

5.More reliability

6.Long distance.

7Hgher seaurity.

Question: Dif ferentiate between twisted pair coaxial cable and fiber optic cable (any 4 points).
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Sr. Twisted pair Coaxial cable Fiber optic cable
No. cable

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

cable.

2 In this medium | Coaxial having | Optical fiber has
the noise | higher noise | highest noise
immunity is low. immunity than | immunity as the

twisted pair cable. | light rays are
unaffected by the
electrical noise.

3 Twisted pair | Coaxial cable 1s | Not affected by the
cable can be | less affected due | external magnetic
affected due to |to external | field.
external magnetic | magnetic field.
field.

4 Cheapest medium | Moderate Expensive

Expensive

5 Low Bandwidth Moderately high | Very high

bandwidth bandwidth

6 Attenuation is | Attenuation is | Attenuation is very
very high low low

7 Installation 1s | Installation 1s | Installation 1s
easy fairly easv difficult

II. Wireless (Unguided/Unbound) Transmission Media

+ Awave can be desribed as a disturbance that travels through a medium from one location to

another location.

+ Awaveisa transfer of energy, usually through a formof matter called a medium

* There are a sedal

pe of wave that can travel without a medium aalled eledromagnetic waves

(also called BMwaves), which are waves like radio waves and mricowaves

+ Unlike sound waves and water waves dedromagnetic waves don't need a fluid, or a solid, or
even air to helpthemtravel from one dace to another. EMwaves can travel acoss the great
vaauumof saag, which iswhy we see light fromdisgtant stars and gdanets

+ Hedromagnetic waves are formed when an eledric field comes in contad with a magnetic field.
They are henae known as'eledromagnetic waves

+ Hedromagnetic (BV) radiation isa formof energy that is all around us and takes many forms
such asradio waves miaowaves Xraysand gamma rays




* Sunlight isalso a form of EMenergy. Hedromagnetic energy fromthe sun comesto Earth in the
formof radiation.

« The Bedromagnetic Spedtrum desribes a wide range of different eledromagnetic waves

Wireless (Unguided/Unbound) Transmission Media

* A little part of electromagnetic spectrum can be used for wireless
transmission.
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Extremely Low
Frequency (ELF) =i ka2 RO
\ery Low Frequency

t kH 10to 100 k
(VLF) 3 to 30 kHz 0 to 100 km
Low Frequency (LF) 30 to 300 kHz 1mto 10 km
Medium Frequency (MF) | 300 kHz to 3 MHz 100 mto 1 km
High Frequency (HF) 3 to 30 MHz 10 to 100 m
Very High Frequency

30 to 300

(VHF) 0to MHz 1to10m
S L E IR 300 MHz to 3 GHz 10cmto1m
(UHF)
Super High Frequency
(SHF) 3to 30 GHz 1to1cm
Extremely High
Frequenoy (EHF) 30 to 300 GHz Tmmto1cm

Media

[ Wireless/Unguided ]
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‘ Radio Waves l [ Microwaves ] [lnfrarud Waws]

Radio Waves Transrission

-




* Radio waves are BM(Hedromagnetic) waves that have wavelengths between 1millimetre and
00 kilometres (or 300 Gz and 3 kHz in frequency).

+ Radio frequency is easy to generate because it has large wavelength and can travel long
distance.

* Radio waves are generated by radio transmitters and reasived by radio receivers

+ Radio stations trangnit radio waves using trangmitters which are reasived by the reciver
installed in our devices Both tranamitters and receivers use antennas to radiate or capture radio
sgnals

* It can penetrate walls easly, so these waves are widely used for communication both indoors and
outdoors

+ Radio waves are ormidiredional means they travel in all the directions fromthe source.

+ When an antenna transmits radio waves they are propagated in all diredtions

+ Asending antenna send waves that can be received by any receiving antenna. The
ommidirectional property has disadvantage, too. The radio waves trangnitted by one antenna are
susatible to interference by ancther antenna that may send signal using the same frequency or
band.

« It is Used Mbbile AMYFMradio, television



Radio Spectrum

Very Low Frequency VLF 3 KHZ to 30 KHz Radio Navigation
Low Frequency LF 30 KHz to 300 KHz Long Wave Radio
Medium Frequency MF 30 KHzto 3 MHz AM Radio

High Frequency HF 3 MHz to 30 MHz CB Radio (HAM)

Point to Point Radio
Search and Rescue Services

Very High Frequency VHF 30 MHz to 300 MHz FM radio 88-108 MHz
VHF Broadcast TV

Ultra High Frequency UHF 300 MHz to 3 GHz UHF Broadcast TV
CellularPhones
Microwave Links
Wi-Fiin 2.4 Band
Satellite Communications

Super High Frequency SHF 3 GHzto 30 GHz Microwave Links
Wi-Fi in 5 GHz Band
Satellite Communications

Extra High Frequency EHF 30 GHz to 300 GHz Microwave Links

Mcaro Waves Transrission

* Maowaves are a type of radio waves with high frequendes It can be dassified asa subdass of
radio waves The frequengy of micowaves liesin the 300 M to 300 GHz.

+ Unlike radio waves miaowaves are unidiredional, in which the sending and receiving antennas
need to be aligned.

* Maowaves are widely used for point-to-point communications because their small wavelength,
which means that the signal is foaused into a narrow beam Additionally, each antenna must be
within line of sight of the next antenna.



Point to Point Microwave

* Hedromagnetic waves above 00 Mz tend to travel in a dtraight line and signals over themaan
be sent by beaming those waves towards one partiaular station. Because Maowaves travelsin
graight lines both sender and reasiver must be aligned to be gridly in lineof-dght.

* Maowaves have higher frequendes and do not penetrate wall like obstades

« It isused for satdllite communication, navigation, radar, remote sensing and other short distance
conTrunication systens\

Question: Bdain the reason for using different frequency bands for ugink
and downlink in satellite communication.

The upink frequency is the frequency which is used for transmission of signals from
earth station transmitter to the satellite.

The downlink frequency is the frequency which is used for transmission of signals
fromthe satellite to the earth station receiver

Udink frequency is different fromdownlink frequency for following
reason:




The satellite transmitter generates a signal that would jamits own receiver; if both
upink and downlink shared the same frequency.

Trying to receive and transmit an angified version of the same udink waveformat
same satellite will cause unwanted feedbadk or ring around fromthe downlink
antenna back into the receiver.

Frequency band separation allows the same antenna to be used for both receiving
and tranamitting, sirdifying the satellite hardware.

To overcome the abovemention difficulties satellite repeaters must involve some
formof frequency trandation before power angification.
So, Udink frequency is different fromdownlink frequency.

Question: BExdain Mcrowave transmission with its advantages and disadvantages.
Maowave:
Hectromagnetic waves having frequendes between 1and 300GHz are called
miaowaves.
Mcrowaves are unidirectional. When an antenna transmits microwave waves, they
gan =:>e ne%rrowly foaused. This means that the sending and receiving antennas need to
e aligned.
The unidirectional property has an obvious advantage. Apair of antennas can be
aligned without interfering with another pair of aligned antennas.

The following describes some characteristics of microwave propagation:

Mcrowave propagation is lineof-sight.

Very high-frequency microwaves cannot penetrate walls. This characteristicscan be a
disadvantage if receivers are inside buildings.

The microwave band is relatively wide, almost 299 GHz. Therefore wider sub bands can be
assigned, and a high data rate is possible.

Use of certain portions of the band requires permission fromauthorities
Adications:
Marowaves, due to their unidirectional properties, are very useful when unicast (oneto-one)
commrunication is needed between the sender and the receiver. They are used in cellular
phones, satellite networks, and wireless LANs.
Advantages.

Installation of towers and assodated equipment’s is cheaper than laying down a cable of
100KMlength.

Less maintenance as conpared to cables.

Repeaters can be used. So effect of noise is reduced.

No adverse effects such as cable breakage.

Due to the use of highly directional antenna no interference is there.

Sze of tranamitter and receiver reduces due to the use of high frequency.
Disadvantages:

Signal strength at the receiving antenna reduces due to multipath reception.

Infrared Waves Transrission



* Infrared signals have frequendes between 300 GHz to 400 THz. They are used for shortrange
conmunication.

* Infrared waves are used for very short distance conmrunication like TV renote, wireless speakers
automatic doors hand held devices etc

* Infrared waves having high frequendes grevents interferenae b/w one systemto another.

« Infrared signals have high frequendes and cannot penetrate walls Due to its shortrange
commrunication system the use of an infrared conmunication systemin one roomwill not be
affeded by the use of another systemin the next room Thisis why using an infrared TV remote
oontrol in our home will not interfere with the use of our neighbour's infrared TV remote control.

Advantages of Infrared Communication:
Snpe arauit and cheapin cost.
Low power consunption.
No licenses needed.
Hgher seaurity and sinde shielding.
Disadvantages of Infrared Communication:
Works only on LineOf-Sght (LOS) node.
Short range.
Blocked by conmmon materials: people, walls, etc.
Low bandwidth.
Speed is conparatively slow.
Satellite Gonmrunication
In this section we will learn about the artifidal (Man+made) satellites.

An artifidal satellite orbits or revolves around the earth in exactly the same manner
as eledronsrevolve around the nudeus of an atom

The path in which satellites move are called are called as Orbits.

The orbits are of different types such as synchronous orbits, polar orbits and indined
orbi’ils, out of which the synchronous or geostationary orbit is used by geostationary
satellites.

The geostationary satellites takes exactly 24 hoursto conpete one revolution around
the earth, therefore they appear to be stationary.

The satellites can be used for variety of purposes. Depending on the type of
apdication, the satellites are dassified into the following categories:

1 Grmmunication satellites
2. Renpote sensing satellites
3. Weather satellites
4. Sdentific Satellites
Following figure shows typical conmrunication system
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An earth station trangnits information signal to the satellite using a highly directional
dish antenna.

The satellite receives this signal, processes it and transmitsit back at a reduced
frequency.

The receiving earth stations will receive this signal using parabolic dish antennas
pointed towards the satellite.

The signal which is being transmitted upwards to the satellite is called as the “Uplink”
and it isnormally at a frequency of 6 GHz.

The signal which is transmitted back to the receiving earth station is called asthe
“Downdink” and it isnormally at a frequency of 4 GHz.

Thus a satellite hasto receive, process and transmit the signal. All these functions are
performed by a unit called satellite transponder.

A conmrunication satellite generally hastwo sets of transponders each set having 2
transponders making it a total of 24 transponders. Each transponder hasa
bandwidth of 36 M-z which is suffident to handle at least one TV channel.

The operation of satellite takes pace at very high signal frequendes in the microwave
range. The typical band of signal frequendies used for the communication satellites are
asfollows:

1 Cband : 4/6 GHz.

2. Kuband : V14 GHz.

3. Ka band : 20/30 GHz

Geostationary ﬁGEO) Satellite;

The satellites orbiting in the geostationary orbit are called geostationary satellites.

They travel at the velodty of revolution of earth, hence conplete one revolution
around the earth in one day i.e. 24 hours.

Thisisthe reason why a geostationary satellite appearsto be stationary.
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They are basically used for communication satellites. These satellites are about
36000 kmabove the earth’'s surface.

Ageostationary satellite is visble fromabout 42% of the earth's surface area.

Therefore three communication satellites can cover the entire surface area of the
earth as shown in fig. The earth stations which transmit and receive information from
these satellites are relatively simpe and low cost.

1. Line of sight Trangission

Line of sight propagation isa characteristic of electromagnetic radiation propagation
which means wavestravel in a direct path fromthe source to the receiver.

Blectromagnetic transmission indudes light emissions traveling in a straight line.

The rays or waves may be diffracted, refracted, reflected or absorbed by atmosphere
alr;d ogstructions with material and generally cannot travel over the horizon or behind
obstades.

Gonputer networks can be broadly categorized into two types on transmission
technology basis namely broadcast networks and pointto{oint networks.



2. Rointto-point networks

Anetwork based on point to point communication as shown in fig

The end devices that wish to communicate are called stations and the switching
devices are called nodes.

Some nodes connedt to other nodes and some to attached stations.

it uses frequency division multigexing or time division multigexing for node to node
communications.

Tlhet;elz may exist multipe paths between a source to destination pair for better network
reliability.

The switching nodes are not concerned with the contents of data their purpose isto
provide a switching fadility that will move data fromnode to node until they reach the
destination.

As a general rule smaller, geographically localized networks tend to use broadcasting
whereas larger networks normally use point to point communication.

Paoint to Foint deta transceiver
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3. Broadcast Networks

Broadcast networks in computer network have a single communication channel that is
shared by all the machines on the network as shown in fig.

All the machines on the network receive short messages called padket in certain
oontexts sent by any machine.

An address field within the padket spedfies the intended redpent.

Upon receiving a packet machine checks the address field if packet isintended for
itself, it processes the packet, if packet is not intended for itself it is sindy ignored.

This systemgenerally allows possibility of sending the packet to all destinations(all
nodes on the network)

When such a padket istransmitted and received by all the machines on the network
the mode of operation is known as broadcast mode.

Some broadcast systems also support transmission to a sub-set of machines conmonly
known as multicasting.

Figure 8. Breoadcast transmission.

Gonparison between Guided Media and Unguided Media:

S.

No.

1

Guided Media Unguided Media
The signal energy is contained and guided The signal energy propagatesin the form
within a solid medium of unguided electromagnetic waves.
Twisted pair wires, G>-axial cable, Optical Radio and Infrared light are the
fiber cables are the exandes of wired exanpes of unguided media.
media.
Used for point to point communication. Used for radio broadcasting in all

directions.

Wired media lead to discrete network Wireless media leads to continuous
topologies. network topologies.
Installation is costly, time consuming and Installation needs less time and money.

ocondicated.
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Additional transmission capadty can be It is not possible to procure additional
proaured by adding more wires. capaaty.



