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ComputerNetwork:PhysicalLayer

ObjectiveofLesson8:

OnCompletionofthislesson,thestudentswillbeableto:

Classifythetypeofphysicaltransmissionmedia.

ExplainTwisted-PairCable.

ExplainCoaxialCable.

DiscussFiber-OpticCable.

Oneofthemajorfunctionsofthephysicallayeristomovedatainthe

form ofelectromagneticsignalsacrossatransmissionmedium.Whether

youarecollectingnumericalstatisticsfrom anothercomputer,sending

animatedpicturesfrom adesignworkstation,orcausingabelltoringata

distantcontrolcenter,you areworking with thetransmission ofdata

acrossnetworkconnections.Generally,thedatausabletoapersonor

applicationarenotinaform thatcanbetransmittedoveranetwork.For

example,aphotographmustfirstbechangedtoaform thattransmission

mediacanaccept.Transmissionmediaworkbyconductingenergyalonga

physicalpath.

TransmissionMedium

Atransmissionmedium canbebroadlydefinedasanythingthat

cancarryinformationfrom asourcetoadestination.Inthedata

communication,thetransmissionmedium isusuallyfreespace,

metalliccable,orfiber-opticcable.Theinformationisusuallyasignal

thatistheresultofaconversionofdatafrom form toanotherform.

Transmissionmediacanbedividedintotwobroadcategories:guided

andunguided.Guidedmediaincludetwisted-paircable,
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coaxialcable,andfiber-opticcable.Unguidedmedium isfreespace.

Seethefollowingfigures:

Sowecanseethattherearevarioustransmissionmediathenhowto

selecttheappropriateoneforanyapplication,heresomeissuesthat

shouldbeconsidered:

Therequiredbandwidth.

Transmissiondelay.

Cost&Easeofinstallation.

Easeofmaintenance.

Theavailableservicesandcircumstances

GuidedMedia:

Guidedmedia,whicharethosethatprovideaconduitfrom onedeviceto

another,includetwisted-paircable,coaxialcable,andfiber-opticcable.

1.1. MagneticMedia

Oneofthemostconvenientwaytotransferdatafrom onecomputerto

another,evenbeforethebirthofnetworking,wastosaveitonsome

storagemediaandtransferphysicalfrom onestationtoanother.Thoughit

mayseem old-fashionwayintoday’sworldofhighspeedinternet,butthere

aresomecircumstancesinwhichwecanusethismedia:



2|Page



azoozalgalal ComputerNetworkI ElectricalDepartment,4
th

Level,1
st

Semester

Whenthesizeofdataishuge.

Whentheserviceisnotpresentedorlimited.

Totransmissionofdatafrom disasterareas.

Moresecurity.

1.2. Twisted-PairCable:

Atwistedpairconsistsoftwoconductors(normallycopper),eachwithits

ownplasticinsulation,twistedtogether,asshowninthefollowingfigure:

Oneofthewiresisusedtocarrysignalstothereceiver,andtheotheris

usedonlyasagroundreference.Thereceiverusesthedifferencebetween

thetwo.TherearetwotypesofTP:UnshieldedandShieldedTwisted-Pair

Cable(UTP,STP)

UTP Does notinclude shielding around its conductors.Typically

containsfourpairsofstrandedorsolidconductors.Itisinexpensive

andreliable.Supportsdistancesofupto100meters(328feet).

Supportsdatatransferratesupto1Gbps.

STPIncludesshielding,typicallyafoilwrapper,arounditsconductorsto

improvethecable’sresistancetointerferenceandnoise.Typically
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fourpairsofstrandedorsolidconductors.Supportsdistancesupto

100meters(328feet).MoreexpensivethanUTP.Mostcommonly

usedinTokenRingnetworking.

Twistedpaircablecomesindifferentcategories,whichsupportdifferent

networkspeedsandtechnologies.Thesecategoriesaresummarizedinthe

nexttable.

1.2.1.Connectors:

ThemostcommonUTPconnectorisRJ45(RJstandsforregisteredjack),

asshowninthefollowingfigure.TheRJ45isakeyedconnector,meaning

theconnectorcanbeinsertedinonlyoneway.
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1.2.2.Applications:itisusedin:

Telephonelinestoprovidevoiceanddatachannels.

ItisusedinDSL.

Local-areanetworks,suchas10Base-Tand100Base-T,alsouse

twisted-paircables.

1.3. CoaxialCable:

Coaxialcable(orcoax)carriessignalsofhigherfrequencyrangesthan

thoseintwistedpaircable.Ithasacentralcoreconductorofsolidor

strandedwire(usuallycopper)enclosedinaninsulatingsheath,whichis,in

turn,encasedinanouterconductorofmetalfoil,braid,oracombinationof

thetwo.Theoutermetallicwrappingservesbothasashieldagainstnoise

andasthesecondconductor,whichcompletesthecircuit.Thisouter

conductorisalsoenclosedinaninsulatingsheath,andthewholecableis

protectedbyaplasticcover(seethefollowingfigure).
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Coaxialcablesarecategorizedbytheirradiogovernment(RG)ratings.Each

RGnumberdenotesauniquesetofphysicalspecifications,includingthe

wiregaugeoftheinnerconductor,thethicknessandtypeoftheinner

insulator,theconstructionoftheshield,andthesizeandtypeoftheouter

casing.

Toconnectcoaxialcabletodevices,weneedcoaxialconnectors.Themost

common typeofconnectorused todayistheBayone-Neill-Concelman

(BNC),connector.Therearethreepopulartypesoftheseconnectors:the

BNCconnector,theBNCTconnector,andtheBNCterminatorasshownin

thefollowingfigure:

Applications:

Coaxialcablewaswidelyusedinanalogtelephonenetworks.Lateritwas

usedindigitaltelephonenetworks.CableTVnetworksalsousecoaxial

cables.Anothercommon application ofcoaxialcable is in traditional

EthernetLANs.

1.4. Fiber-OpticCable:
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Afiber-opticcableismadeofglassorplasticandtransmitssignalsinthe

form oflight.Opticalfibersusereflectiontoguidelightthroughachannel.

Aglassorplasticcoreissurroundedbyacladdingoflessdenseglassor

plastic.Thedifferenceindensityofthetwomaterialsmustbesuchthata

beam oflightmovingthroughthecoreisreflectedoffthecladdinginstead

ofbeingrefractedintoit.Seethefigure:

1.4.1.PropagationModes

Currenttechnologysupportstwomodes(multimodeandsinglemode)for

propagatinglightalongopticalchannels,eachrequiringfiberwithdifferent

physicalcharacteristics.Multimodecanbeimplementedintwoforms:step

-indexorgraded-index.

Multimodeissonamedbecausemultiplebeamsfrom alightsourcemove

throughthecoreindifferentpaths.
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Inmultimodestep-indexfiber,thedensityofthecoreremainsconstant

from thecentertotheedges.Abeam oflightmovesthroughthisconstant

densityinastraightlineuntilitreachestheinterfaceofthecoreandthe

cladding.Attheinterface,thereisanabruptchangeduetoalowerdensity;

thisalterstheangleofthebeam'smotion.Theterm stepindexreferstothe

suddennessofthischange,whichcontributestothedistortionofthesignal

asitpassesthroughthefiber.

A second typeoffiber,called multimode graded-indexfiberin which

Densityishighestatthecenterofthecoreanddecreasesgraduallytoits

lowestattheedge.

Single-ModeSingle-modeusesstep-indexfiberinwhichallthebeams

closeto thehorizontal(closeenough to 90).In thiscasedelaysare

negligible.
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Opticalfibersaredefinedbytheratioofthediameteroftheircoretothe

diameteroftheircladding,bothexpressedinmicrometers.

1.4.2.Applications

Fiber-opticcableisoftenfoundinbackbonenetworksbecauseitswide
bandwidthiscost-effective.

Itisusedwithwavelength-divisionmultiplexing(WDM-1600Gbps).
ItisusedinSONETnetwork.
SomecableTVcompaniesuseacombinationofopticalfiberandcoaxial

cable.
1.4.3.Advantages:

Higherbandwidth.
Lesssignalattenuation.
Immunitytoelectromagneticinterference.
Resistancetocorrosivematerials.
pLightweight.
Greaterimmunitytotapping.

1.4.4.Disadvantages:

Installationandmaintenance.
Unidirectionallightpropagation.
Morecost.

UnguidedMedia:

Unguidedmediatransportelectromagneticwaveswithoutusingaphysical

conductor.Thistypeofcommunicationisoftenreferredtoaswireless

communication.Signalsarenormallybroadcastthroughfreespaceand

thusareavailabletoanyonewhohasadevicecapableofreceivingthem.
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Therearesometechnicalissuesthatdifferentiatebetweenguidedand

unguidedmediaaswhatfollows:

Theaddressofthepointisnotequivalenttothephysicallocation.

Dynamictopologyandrestrictedconnectivity.

Medium boundariesarenotwell-defined.

Error-pronemedium.

Unguidedsignalscantravelfrom thesourcetodestinationinseveralways:

ground propagation,skypropagation,and line-of-sightpropagation,as

showninthefollowingfigure:
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