
Chapter No: 2�
TRANSMISSIONMEDIA�

TransmissionMedia�
• Transmission mediumistheway in which data istransmitted fromoneplace to another.�

• It providea pathway over which themessagecan travel fromsender-to-receiver.�

• Each of themessagecan besent in the formof data by converting theminto binary digits.�

• Thesebinary digitsare then encoded into a signal that can be transmitted over theappropriate
medium.�

I. Wired/Guided Transmission Media�

Guided transmission media are the cablesthat are tangible or havephysical
existence.�

Bounded transmission meanshaving connectivity between a source and
destination using cablesor wires. The signalshave to travel through thischannel
i.e. physical media�

1. Twisted Pair Cable�
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• Atwisted pair cable isa pair of copper wires.

• Copper wiresare themost common wiresused for transmitting signalsbecauseof good
performanceat lowcosts.�

• Atwisted pair consistsof two conductors(normally copper), each with itsown plasticinsulation,
twisted together to forma singlemedia.

• Out of these two wires, only onecarriesactual signal and another isused for ground reference.�

• To identify every cable, thesecablesare colour coated.

• The twistsbetween wiresarehelpful in reducing noise (electro-magneticinterference) and crosstalk.�

• Thistypeof cable isused in telephone linesto provide voiceand data channels.�

Typesof Twisted Pair�
The two typesof twisted pairsare:�
1. Unshielded twisted pair (UTP)�
2. Shielded twisted pair (STP)�



1. Unshielded twisted pair (UTP):-�

• UTPismorecommon. �

• UTPcost lessthan STPand easily availabledue to itsmany use.�

• Due to itslowcost, UTPcabling isused extensively for local-area networks(LANs) and telephone
connections.�

• UTPcablesconsist of 2 or 4pairsof twisted cable.

• Cablewith 2 pair use RJ-11 connector and 4pair cable use RJ-45 connector.�

Advantagesof UTP:�
Easy installation and setup.�

Capableof high speed for LAN.�

Lowcost.�

UTPisvery flexible.�

Disadvantagesof UTP:�
Short distancedue to attenuation.�

Limited bandwidth.�

Application
Commonly used in telephone lines.�

2. Shielded twisted pair (STP):-�



• Thistypeof cable hasa metal foil covering which encaseseach pair of insulator conductors.�

• Electromagneticnoisepenetration isprevented by metal casing. Shielding also eliminatescrosstalk.�

• It issimilar to UTPbut hasa mesh shielding that’sprotectsit fromEMI which allowsfor higher
transmission rate.�

• It ismoreexpensive than coaxial and unshielded twisted pair.�

Advantagesof STP:�
STPreducesinterference.�

Faster than UTPand coaxial cable.�

Better performanceat higher data rates.

Disadvantagesof STP:�
Moreexpensive than UTPand coaxial cable.�

Moredifficult installation and setup.�

High attenuation rate.�

High cost.�

Question: Explain the construction of Shielded Twisted Pair Cable.

STPissimilar to UTPbut with each pair covered by an additional copper braid jacket
or foil wrapping. Thisshielding helpsto protect the signalson the cablesfromexternal
interference.
Shielding providesa meansto reflect or absorb electricfieldsthat are present around



cables. Shielding comesin a variety of formsfromcopper braiding or copper meshesto
aluminized.�
STPismore expensive than UTPbut hasthebenefit of being able to support higher

transmission ratesover longer distances.�
STPisheavier and moredifficult to manufacture, but it can greatly improve the

signaling rate in a given transmission schemeTwisting providescancellation of
magnetically induced fieldsand currentson a pair of conductors.�
Magneticfieldsarise around other heavy current-carrying conductorsand around

large electricmotors. Variousgradesof copper cablesare available, with Grade5
being thebest and most expensive.
STPisused in IBMtoken ring networks.�

• RJ-45 connectors isused with Ethernet cablesin computer networking.�
• RJ-11connectors isused in connecting telephoneunits.�



Coaxial Cable�

• Coaxial cables are copper cableswith better shielding than twisted pair cables, so that
transmitted signalsmay travel longer distancesat higher speeds.�

• The shield minimizeselectrical and radio frequency interference.�
• Coaxial cabling istheprimary typeof cabling used by the cable television industry

and isalso widely used for computer networks, such as Ethernet.�

• Coaxial cable hastwo wiresof copper.�



• The core/inner copper wire in centre and ismadeof solid conductor. It isenclosed in
an insulating sheath.�

• The second/outer copper wire iswrapped around, and isused to protect fromexternal
electromagnetic interference (Noise).�

• Thisall iscovered by plasticcover used to protect the inner layersfromphysical
damagesuch asfire or water.�

Coaxial CableStandards�
• Coaxial cablesare categorized by their Radio Government (RG) ratings. Each RG

number denotesa unique set of physical specifications�
• 50-Ohm RG-7or RG-11 : used with thick Ethernet.�
• 50-Ohm RG-58 : used with thin Ethernet�
• 75-Ohm RG-59 : used with cable television�

Advantagesof Co-axial Cable:�
Lowcost due to lesstotal footageof cable, hubsnot needed.�

Lower attenuation than twisted pair.�

Supportshigh bandwidths.�

Can support high data rates.�

Disadvantagesof Co-axial Cable:�
Limited in network speed.�

Limited in sizeof network.�

Onebad connector can takedown entire network.�

Coax isamong themost expensive typesof wire cables�

Applicationsof Co-axial Cable:�
Digit Analog telephonen/w.�

Analog telephonen/w.�

CableTV.�

Ethernet LAN’s– Thick and Thin.�

Digital transmission.�



Long distance telephone transmission– can carry 10,000 voicecalls.  �

Question: Draw a labeled diagramof coaxial cable.�

FibreOpticsCable�

• Afibre opticcable ismadeof high quality of thin glassor plasticand isused to
transfer digital data signals in the formof light upto distanceof thousandsof miles.�

• Fibre opticcablesare not affected by electromagnetic interference, so noise and
distortion isvery less.�

• Fibre opticcablescarry communication signalsusing pulsesof light generated by small
lasersor light-emitting diodes(LEDs).�

• The cable consistsof oneor more strandsof glass, each only slightly thicker than a
human hair. The centre of each strand iscalled the core, which providesthepathway
for light to travel. The core issurrounded by a layer of glasscalled cladding that
reflects light inward to avoid lossof signal and allow the light to passthrough bends
in the cable. No light escapestheglasscore becauseof thisreflective cladding.�

Advantagesof Optical Fibre:-�



• Fibreopticcableshavea much High bandwidth than metal cables. Thismeansthat they can
carry moredata.�

• Smaller Sizeand Lighter weight.�

• lowattenuation�

• Not affected electromagneticinterference (No EMI interference)�

• Signalscarrying data can travel long distanceswithout weakening�

• Suitable for industrial and noisy areas�

Disadvantagesof Optical Fibre:-�
• Optical fibre cablesare expensive�

• Difficult to install�

• Maintenance isexpensiveand difficult�

Question:Explain propagation modesin fiber opticcablewith neat
diagram.�

Thedifferent propagation modesin fiber opticcable are asfollows:�
Multimodestepindex fiber: In multimodestepindex fiber, the core hasonedensity and

the cladding hasanother density.

Therefore at the interface, there isa sudden change that iswhy it iscalled stepindex.
Multiple beamstakedifferent pathson reflection asshown in figure.�
Thebeamthat strikescore at a smaller angle that hasto be reflected many more

timesthan thebeamthat shifted the core at a larger angle to reach other end. This
meansthat at thedestination, all beamsdo not reach simultaneously. It isused for
short distances.�

Multimodegraded-index fiber:�
In this, core itself ismadeof a material of varying densities.
Thedensity isthe highest at the core and gradually decreasestowardsthe edge.
Therefore, a beamgasthrough gradual refraction giving rise to a curve except that the

horizontal beamtravelsunchanged.�

Single-mode:
It usesstep-index fiber and a highly focused sourceof light that limitsbeamto a small

rangeof angles, all close to horizontal.
It ismanufactured with much smaller diameter than that of multimode fiber and with

substantially lower density.
Thedecrease in density results in a critical angle i.e. close enough to 90 to make



propagation of beamsalmost horizontal.�

Question:Draw a labeled diagramof fiber opticcable and state its
advantages.�

Advantagesof fiber opticcable:
1.Higher data rate
2.LargeBandwidth
3.Lesssignal attenuation
4.Light weight.
5.More reliability
6.Long distance.
7.Higher security.�

Question: Differentiate between twisted pair coaxial cable and fiber opticcable (any 4points).�



II. Wireless (Unguided/Unbound) TransmissionMedia�
• A wave can bedescribed asa disturbance that travelsthrough a medium fromone location to
another location. �

• A wave isa transfer of energy, usually through a formof matter called a medium.

• Therearea special typeof wave that can travel without a medium, called electromagneticwaves
(also called EMwaves), which arewaveslike radio wavesand microwaves.�

• Unlike sound wavesand water waves, electromagneticwavesdon't need a fluid, or a solid, or
even air to helpthemtravel fromoneplace to another. EMwavescan travel acrossthegreat
vacuumof space, which iswhy wesee light fromdistant starsand planets.�

• Electromagneticwavesare formed when an electricfield comesin contact with a magneticfield.
They arehenceknown as'electromagnetic' waves. �

• Electromagnetic(EM) radiation isa formof energy that isall around usand takesmany forms,
such asradio waves, microwaves, X-raysand gamma rays.



• Sunlight isalso a formof EMenergy. Electromagneticenergy fromthesun comesto Earth in the
formof radiation. �

• TheElectromagneticSpectrumdescribesa wide rangeof different electromagneticwaves.



Radio WavesTransmission�



• Radio wavesareEM(Electromagnetic) wavesthat havewavelengthsbetween 1millimetre and
100 kilometres(or 300 GHz and 3 kHz in frequency).�

• Radio frequency iseasy to generatebecause it haslargewavelength and can travel long
distance.�

• Radio wavesaregenerated by radio transmitters and received by radio receivers.�

• Radio stationstransmit radio wavesusing transmitters, which are received by the receiver
installed in our devices. Both transmittersand receiversuseantennasto radiateor capture radio
signals�

• It can penetratewallseasily, so thesewavesarewidely used for communication both indoorsand
outdoors.�

• Radio wavesareomnidirectional meansthey travel in all thedirectionsfromthesource.�

• When an antenna transmitsradio waves, they arepropagated in all directions. �

• Asending antenna send wavesthat can be received by any receiving antenna. The
omnidirectional property hasdisadvantage, too. The radio wavestransmitted by oneantenna are
susceptible to interferenceby another antenna that may send signal using thesame frequency or
band.�

• It isUsed Mobile, AM/FMradio, television�



Micro WavesTransmission�

• Microwavesarea typeof radio waveswith high frequencies. It can beclassified asa subclassof
radio waves. The frequency of microwavesliesin the300 MHz to 300 GHz. �

• Unlike radio waves, microwavesareunidirectional, in which thesending and receiving antennas
need to bealigned.�

• Microwavesarewidely used for point-to-point communicationsbecause their small wavelength,
which meansthat thesignal isfocused into a narrowbeam. Additionally, each antenna must be
within lineof sight of thenext antenna.�



• Electromagneticwavesabove100 MHz tend to travel in a straight lineand signalsover themcan
besent by beaming thosewavestowardsoneparticular station. BecauseMicrowavestravelsin
straight lines, both sender and receiver must bealigned to bestrictly in line-of-sight.�

• Microwaveshavehigher frequenciesand do not penetratewall likeobstacles.�

• It isused for satellite communication, navigation, radar, remotesensing and other short distance
communication systems.\�

Question: Explain the reason for using different frequency bandsfor uplink
and downlink in satellite communication.�

Theuplink frequency isthe frequency which isused for transmission of signalsfrom
earth station transmitter to the satellite.
Thedownlink frequency isthe frequency which isused for transmission of signals
fromthe satellite to the earth station receiver�

Uplink frequency isdifferent fromdownlink frequency for following
reason:



Thesatellite transmitter generatesa signal that would jamitsown receiver; if both
uplink and downlink shared the same frequency.
Trying to receive and transmit an amplified version of the sameuplink waveformat

samesatellitewill causeunwanted feedback or ring around fromthedownlink
antenna back into the receiver.
Frequency band separation allowsthe sameantenna to beused for both receiving

and transmitting, simplifying the satellite hardware.�

To overcome theabove-mention difficultiessatellite repeatersmust involve some
formof frequency translation before power amplification.
So, Uplink frequency isdifferent fromdownlink frequency.�

Question: Explain Microwave transmission with itsadvantagesand disadvantages.�
Microwave:

Electromagneticwaveshaving frequenciesbetween 1and 300GHz are called
microwaves.�
Microwavesare unidirectional. When an antenna transmitsmicrowavewaves, they

can benarrowly focused. Thismeansthat the sending and receiving antennasneed to
bealigned.
Theunidirectional property hasan obviousadvantage. Apair of antennascan be

aligned without interfering with another pair of aligned antennas.

The following describessomecharacteristicsof microwavepropagation:
Microwavepropagation is line-of-sight.
Very high-frequency microwavescannot penetratewalls. Thischaracteristicscan bea

disadvantage if receiversare insidebuildings.
Themicrowaveband isrelatively wide, almost 299 GHz. Thereforewider sub bandscan be

assigned, and a high data rate ispossible.
Useof certain portionsof theband requirespermission fromauthorities

Applications:
Microwaves, due to their unidirectional properties, are very useful when unicast (one-to-one)
communication isneeded between the sender and the receiver. They are used in cellular
phones, satellite networks, and wirelessLANs.
Advantages:
Installation of towersand associated equipment’s ischeaper than laying down a cable of

100KMlength.
Lessmaintenanceascompared to cables.
Repeaterscan beused. So effect of noise isreduced.
No adverse effectssuch ascable breakage.
Due to theuseof highly directional antenna no interference isthere.
Size of transmitter and receiver reducesdue to theuseof high frequency.

Disadvantages:
Signal strength at the receiving antenna reducesdue to multipath reception.�

Infrared WavesTransmission�



• Infrared signalshave frequenciesbetween 300 GHz to 400 THz. They areused for short-range
communication.�

• Infrared wavesareused for very short distancecommunication likeTVremote, wirelessspeakers,
automaticdoors, hand held devicesetc. �

• Infrared waveshaving high frequenciespreventsinterferenceb/wonesystemto another.�

• Infrared signalshavehigh frequenciesand cannot penetratewalls. Due to itsshort-range
communication system, theuseof an infrared communication systemin one roomwill not be
affected by theuseof another systemin thenext room. Thisiswhy using an infrared TVremote
control in our homewill not interferewith theuseof our neighbour'sinfrared TVremotecontrol.�

Advantagesof Infrared Communication:�
Simple circuit and cheapin cost.�
Low power consumption.�
No licensesneeded.�
Higher security and simple shielding.�

Disadvantagesof Infrared Communication:�
Worksonly on Line-Of-Sight (LOS) mode.�
Short range.�
Blocked by common materials: people, walls, etc.�
Low bandwidth.�
Speed iscomparatively slow.�

Satellite Communication�
In thissection wewill learn about the artificial (Man-made) satellites.
An artificial satellite orbitsor revolvesaround the earth in exactly the samemanner

aselectronsrevolve around thenucleusof an atom.�
Thepath in which satellitesmoveare called are called asOrbits.
Theorbitsare of different typessuch assynchronousorbits, polar orbitsand inclined

orbits, out of which the synchronousor geostationary orbit isused by geostationary
satellites.�

Thegeostationary satellitestakesexactly 24hoursto complete one revolution around
the earth, therefore they appear to be stationary.�
The satellitescan beused for variety of purposes. Depending on the typeof

application, the satellitesare classified into the following categories:�
1. Communication satellites�
2. Remote sensing satellites�
3. Weather satellites�
4. ScientificSatellites�

Following figure showstypical communication system�



An earth station transmits information signal to the satellite using a highly directional
dish antenna.
The satellite receivesthissignal, processesit and transmits it back at a reduced

frequency.
The receiving earth stationswill receive thissignal using parabolicdish antennas

pointed towardsthe satellite.
The signal which isbeing transmitted upwardsto the satellite iscalled asthe “Up-link”

and it isnormally at a frequency of 6 GHz.�
The signal which istransmitted back to the receiving earth station iscalled asthe

“Down-link” and it isnormally at a frequency of 4GHz.�
Thusa satellite hasto receive, processand transmit the signal. All these functionsare

performed by a unit called satellite transponder.
Acommunication satellite generally hastwo setsof transponders, each set having 12

transpondersmaking it a total of 24transponders. Each transponder hasa
bandwidth of 36 MHz which issufficient to handle at least oneTVchannel.�
Theoperation of satellite takesplaceat very high signal frequenciesin themicrowave

range. The typical band of signal frequenciesused for the communication satellitesare
asfollows:�
1. Cband : 4/6 GHz.�
2. Ku band : 11/14GHz.�
3. Ka band : 20/30 GHz�

Geostationary (GEO) Satellite:�
Thesatellitesorbiting in thegeostationary orbit are called geostationary satellites.
They travel at the velocity of revolution of earth, hence complete one revolution

around the earth in oneday i.e. 24hours.
This isthe reason why a geostationary satellite appearsto be stationary.



They are basically used for communication satellites. These satellitesare about
36000 kmabove the earth’ssurface.
Ageostationary satellite isvisible fromabout 42%of the earth’ssurfacearea.
Therefore three communication satellitescan cover the entire surfacearea of the

earth asshown in fig. Theearth stationswhich transmit and receive information from
these satellitesare relatively simple and low cost.�

1. Line of sight Transmission�
Lineof sight propagation isa characteristicof electromagneticradiation propagation
which meanswavestravel in a direct path fromthe source to the receiver.�

Electromagnetictransmission includeslight emissionstraveling in a straight line.�
The raysor wavesmay bediffracted, refracted, reflected or absorbed by atmosphere
and obstructionswith material and generally cannot travel over the horizon or behind
obstacles.�
Computer networkscan bebroadly categorized into two typeson transmission
technology basisnamely broadcast networksand point-to-point networks.�



2. Point-to-point networks�
Anetwork based on point to point communication asshown in fig�
The end devicesthat wish to communicate are called stationsand the switching

devicesare called nodes.�
Somenodesconnect to other nodesand some to attached stations.�
It usesfrequency division multiplexing or timedivision multiplexing for node to node

communications.�
Theremay exist multiple pathsbetween a source to destination pair for better network

reliability.�
The switching nodesare not concerned with the contentsof data their purpose isto

provide a switching facility that will movedata fromnode to nodeuntil they reach the
destination.�
Asa general rule smaller, geographically localized networkstend to usebroadcasting

whereaslarger networksnormally usepoint to point communication.�



3. Broadcast Networks�
Broadcast networksin computer network havea single communication channel that is

shared by all themachineson thenetwork asshown in fig.�
All themachineson thenetwork receive short messagescalled packet in certain

contexts, sent by any machine.�
An addressfield within thepacket specifiesthe intended recipient.�
Upon receiving a packet machine checkstheaddressfield if packet is intended for

itself, it processesthepacket, if packet isnot intended for itself it issimply ignored.�
Thissystemgenerally allowspossibility of sending thepacket to all destinations(all

nodeson thenetwork)�
When such a packet istransmitted and received by all themachineson thenetwork

themodeof operation isknown asbroadcast mode.�
Somebroadcast systemsalso support transmission to a sub-set of machinescommonly

known asmulticasting.

Comparison between Guided Media and Unguided Media:�
Sr.
No.� Guided Media� Unguided Media�

1.�
The signal energy iscontained and guided
within a solid medium.�

The signal energy propagatesin the form
of unguided electromagneticwaves.�

2.�
Twisted pair wires, Co-axial cable, Optical
fiber cablesare the examplesof wired
media.�

Radio and Infrared light are the
examplesof unguided media.�

3.�
Used for point to point communication.� Used for radio broadcasting in all

directions.�

4.�
Wired media lead to discrete network
topologies.�

Wirelessmedia leadsto continuous
network topologies.�

5.�
Installation iscostly, timeconsuming and
complicated.�

Installation needslesstimeand money.�



6.�

Additional transmission capacity can be
procured by adding morewires.�

It isnot possible to procure additional
capacity.�


