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INTRODUCTION

With the adventof the Internet, email, cell phones, instant nessaging Twitter, Facebookand
many other foms of electronic communicatignthe term dtelecommunications means
something different thant did 30 years agodt used to mean what the telephone could do.
Recentlyl asked a retiredollege professar nowworking in a library wherel might find books
on telecommunicationsHe directed me to the marketingection | askedanother and he
assumed | meant the Internanly. It@ really all of these things. But what is tfoeindationon
whichthey all depend?

Duringmy thirty seven year career in thielephony, | saw constant change. But some things
changed very little. The changes came in speed and use of the network. This required
equipment updates and changes in who Hditect access tohie network. The idea of allowing a
competitor access to a switch was unheard of until governmental demands required old Ma Bell
to open her doorsWhat stayed the same was the need to use physical connections to create
the network.

This book is for the cigus but nontechnical grson who wants to knowwhat the
telecommunicationnetwork is. It is also for the leaders in the telecommunications industry to
have an appreciation for the infrastructure that makes it all wdtldescribes the Bell System
network that all others more or less duplicated.

| hope mydescriptionsgive you an appreciation of theetwork that makes yourelectronic
devices work. It is not intended to be a technical manual (there are plenty of thobaj to
explain to the average person the network that allows all of this to occur.

If you want to pursue this subject furthekr,have notedtexts in the appendixhat will explain
this subjectin great detaiwhich includeelectronic and optical mind boégys.
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Chapterl

WHO BUILT THENETWORK?

A dnetworké could be defined asany system othings that are tied togetherThe network
describedin this book consists of wireand optic cable equipment
satellites,antennae,and microwave equipmenthat tie your home or
businesgo the rest of the world Without this retwork the Internet, cell
and ordinary phones would not wost all.

To answer the question of who built this netwarkthe United States
somehistory of the Bell Systems needed
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communicating across a distancEne industry is known as teleodor short.
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Ini KS wmAJexand@rdGraham Bell spilled acid in his lab eaitéd to his assistarih another

roomda NP 2 | &2yls @Oy hikaSdiiara & dzdldedddtha &Gllthrough

. S tfitstQelephonedevice Interesting thatthe first reported telephone messagewas a 911

calll Since that time, ther& & 6 5SSy |y SELX 2aA2y 2F RSOAOSE GKI
RA&UGlIYyOSe o

The first telephone company was founded1877just after Alexander Graham Belbtaineda
patent for the telephonein the United &tes It was called the Bell Telephone Company
Existing telegraph wiravasA y LJX I OS FNRBY { I YdzSt amdavhsEuSeOor (St S3I NI
some of the first telephone transmissiarSthers across the country were stringinvire and
offering service to people in tselocal area. As demandyrewfor this invention new alliances
were made to join local networks toeach other andthe world. This expansiobecame the
American Telephone and Telegrapbmpany. The namewas shortened to the familiar AT&T
and the network they createdsi known as the Bell Systerithis company had help from
subsidiaries such as Bell Lalisig brains that invented the transistor and carried on Alexander
DNJ KI'Y . St dnd ¥estérn$ Hlecthiéhat made telephones and other electronic
equipment for telecom.

The MCI Communications Corporatiofiled a lawsuit against AT&T in 749. This was coupled
with an antitrust suit filed by the Department of Justifmr the purpose of breaking up the
monopoly. That suit was won in 188vhich caused AT&T to divest itseffWestern Electric and
Bell Labs. Regional companidenown as RBOQRegional Bell Operating Companiesjere
created suchas Southern Ball my alma mater.

Before the divestiture of AT&Tt was the largest teleom in America It made sensgin the
beginning to have one companyo coordinate this massive networkhey gave yowa phone
along with your serviceand controlled the whole marketincluding the manufacture of
telephonesand telecomtransmission equipmentWhen you disconnected your service the



phone was returned to the compangovernmentwatchdogs weralready in placéo regulate
telecommunicationsthe Federal Communicationso@mission(FCCn the federal side and
the PublicService CommissiofiPSCpn the state side Theyapproved how much was charged
for service watched over every new innovatioand investigated any report of abusk fact,
they still do.

This divestiture startec storm of innovation and competitiorlJp to that point, AT&T and a

few small regional companiesbuilt the network that spanned th&).S. and connectethe rest

of the world. Companies werdought, sold, combined andlivested Recently AT&T merged

with some of its old holdings. It is hard to keejpdk if you are not payingclose attention.
Sufficeittosayf f 23 KFa OGN} YyaLANBR aiAyOoS GKS mptrnQao

Earlierl mentionedAlexander Graham Beilthe father of the Bell Systenide worked with the
deaf and was trying to find solutions to that problehittle did he know hignventionwould be
responsible forcommunicaions to the world with the touch of afew buttonst and make the
Internet possibleThe InterneQ & dza S 2 F had &da@dcoynfdssvapslo speak, write
and transmit informatioracross a distance

Others in Europe were working on tielephone,but Bell got the patenfirstin America.

Now that you know a bit abouthat the network is and who built,itve can moven to how it
is put together



Chapter2

HOW IS THENETWORK PUT
TOGETHER

When you pick your phone you get what is known as atdia. The
sound is telling you that thewitchis ready to receive the phone numbe
you would liketoreachL ¥ @2dz R2y Qi NBaLRYyR
the switch willsend a very loud and annoying tone thahot responded
to, will cut you off.Only so many callers can gain access to the switc
any particular momentso dial that numbeguick! Most newphones work
like a cell phonethat is,you dial the number thempresssend This eliminateghe lag between
dial tone and numberslialedt whichresolves tle problem of too many people taking too long
to dial a number
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Your next question might be 2 K SN switchK 4t is housedin a centrally locatedbuilding
in your neighborhoodcalled the Central Office. ltsually looks like a largenostlywindowless
fortress The buildings are usually constructed to withstand naturahd unnaturat disasters
to protect the heart of the local network/our phone linés conneced by a mind boggling string
of cables wires andequipment that endat the central office. This is where yauline is
connected to the rest of the world.

What is in the Central Office?

The C® what the industry call$t housesthe switch, incoming and
out-going cablescableand equipmentracksand a bank of batteries
with power generators ircase the local power goes outears ago it
used to be a noisy place where mechanical switches opened and
closed24/7. But nowthe switchis an electronic device that only hums

to the music of telephone traffic.

The switchinterprets who youare caling basedon the numbers diad
and sends the catlownthe correctcable If you dial ararea codehat

is different from yous, the switch knows you want to call someone
outsideyour area The next three numbers are calléde exchange.
This further tells the switcivherein the neighborhood that person is
CABLE RACK  gnd finally the lastfour numbers identifywhoyou are calling.




The calgsleavingthe central office arelesignedgeographicallyn an orderly fashionThe cable
leaving to thenorth is designated asdrte 1, to the ast Route 2, to the South Route 3 and
Route 4 goesvest. These cables are designed in groups of wire pairsthosle groups have
numbers to identify them.A pair of wiress required for every individuaklephonenumbert in
most cases depending on your servicéiber optic cable has variow®nfigurationsbut they
alsohave letters and numbers fdhe identificationof each fiber These cables are connected to
the switch through a dizzying number @fnnections on rack&here each pair of wire®r optic
fiber is terminated. Somewhere in therés your pair of wiresor light pulse The same two wires
that enter your phone must travel from your homar officeto the racks.Some of these racks
house fiber optic equipment thahterpretslight pulse transmissionfsom the fiber optic cables
But there will be more about fiberggic transmission itthapter 3.

[ Ssiioflow acoppercable out from the central office and see what happens tSéeFigure 1.
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The Route 1 cable we will céCable £. It is huge because it is going to end up at every service
location in thenorthern part of the neighborhood which could be miles awayror the purpose
2F SELX | yI (A 2hif Tablé iS Gauadred paiss dfYndes(doted as 1, 13600) It
travels north underground through conduit and manhaldarge underground concreteable
vaults that a man could standtinand when it exits a manholdt may goup a telephonepole or

is directly buried It branches off into smaller cablgbke the limbs of a tree and thengoes
throughdistribution cabinets to further divide the routentil your pair enters your residencer
business.The same thing occurs on the other routd$ese 4 cable routesand central office
that services itis called a we center.

That would be fine if you only wanted to call people in iynaighborhoodwire center. So how
doesyour call getto your friend several miles away amother wire cente? Central officesare
connected bya trunk cable® L G A & ObetalisBtits only used thHeyid) traffic between
central offices or over long distances)d not directly to a customeBeeHgure 2.
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When you diabnumber,i KS & 6AGOK daly26aé ( Hre otiniydudwire A NA U

center. Yourcallis switched to tte trunk cable thatgoesto the otherwire center Once switched

to that central office the secondswitch interprets the whole numbeand sends a ring tthe
person you are callindAll this switchingoccurs at a fantastic speedhe labyrinth of central
office to central officeconnectiors handles your calls to a larger area around your home or
office.

But what if you want to call New York Citpm Phoenix Arizona?Switchingthrough every
central office between Phoenix and New York is going to ta&dongand jam up local traffic
Never £arl The brains at AT&T workeslit something to handId.

An area code is a larger geographic areatainingmany wire centersWhen you dial the area
code for New Yorkyour central officeswitch recognizes that your call is long distanthe
switch directs your call onto what is known as #&&TLong Lines systertt.is no longer called
AT&TLong Linebut the concept is the samé&igure 3 shows a simplistic diagram of a Long Lines
route. You can think of it as getting on the interstateglway instead of plodding along the
surface streets and stopping at every red lighiour call could travel through a number of Long
Lines switching stations, but this is just an examplese switching stationsither pass the call

to the next Long Lirsstationor sendit to a local entral officefor routing, asdescribed earlier.
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If you want to calto anothercontinent your call will need to cross aues and other bodies of
water. Intercontinental cables were placed madgcadesago to connect the 1% with Europe
the Caribbean and East AsiaA company branch of AT&T dropped huge leagbrotected
submarinecables off the back of a ship from one coast to the othsplicing them togdter as
they went These cablefave since been replaced by fiber optic cables

Telecommunication a&tellites are used to bouncéntercontinental
callsfrom one place toanother. Once the call gets to the othe
O2ylAySylz GKIF G ORndg/pickelixize cal S
switches it along as described previously.

Great now we@®e all connected.



Chapter3

WHAT ISFIBER OPTICS AND HOWS
IT USED

Fiber Optics iglefined asthe system or branch of engineering concerned with using optic fibers
An optic fiber is a filament of glass that can transmit lights otherwise known as fibeitOne
fiber is a glass strandhe width of a human hair, about 10 micronscovered with plastido
protect it and keep the light it KS  goR MRizkdes anthing to do with sightYou may
have noticed that it is very hard to see without liglat light behavior ipart of this subject too.

Have you ever seen a decorative lamp that shines light
through tiny strands7hat is whafiber looks like, with some
modifications. Fibers used in telecom are specially
manufactured to keep the light going around corners and
long distances.Believe it or not some of you calls or
computer traffic is transmitted om laser or LEDght pulsing
through the® tiny strands.

The Corning Glass Works company produced the first optical fiber suitable fordogeg
communication in 1970These fibers are bound together in cablasd distributed in the
network.

Fiber isa much better way to transmit signals thanopper wiresfor several reasonslt is

immune to electromagnetic interferenc@his is a big issue in our current world containing so

many electronic deges. Lots of common electronics dwot work well when other electronic

devices are near. This interference is caused bf KS Sy SNH@& (akdaffectsidthSrl 1 & 2 dzi €
electronics around it.This inteference can come from a toaster.

Another fabulous thing about fiber is that LOTS of information can be transmitted on this tiny
filament of glasslt really boggles the mindlhis type of cable requires special electronics to
convert the light pulses back into signals that can be transmitted on copperwéiese most
people still have devices with wires in them.

In the previouschapters, | describedthe network in terms ofcopper wire cableswhile all of
that istrue, some of the paths have been either replaced or enhanced filiér optic cables
and equipment Most, if not all of the trunk cables between central offices have been replaced
with fiber optic systemsto dramatically increas¢éhe speed of thosdransmissionsAT&TLong
Lines hae beenreplaced for the same reason.



Right now the Network is a combination of these two types of systems; copper and fiber optics.
Sometimein the future the use of copper wired cables will be a thing of the past and your
phone and computer will have fiber opttomponentslt is probable thatthe path toyourhome

or officeisa combination of these two mediums.

Some companies are offering fiber to theme known as FTTiPFiber To The Premise.fiser
entersyour homeand is connected to a conversion bdixat connects toyour TV, phone and
computer.In my opinionthis is by far the bedtansmissiormethod to date.

At present, the only reasottansmission of voice and computer signals are not at the speed of
light is the mixture of copper and fiber in the network and the restrictions of the equipment that
interprets these signalsSomeday that will all changend everything will be fiber optic



Chapter4

HOW DO INTERNEPHONESWORK?

Whether you have a traditional looking phone connectedato
Internet connection or a headset attached to your computer
talking over thelnternet still requiresthe network | described in
the previouschaptess. The Internet, simply explained, is a networ
of computers connected by thBell Systermetwork of cables and
equipment.Without it the Internet wouldr2work at all. Even if you
had your own satellite you would eventually have to connect to t
network toreacheveryone.

Something calledPr Voiceover hternet Protoctt wasdeveloped! G LINR G202t ¢ Aa | a
rules governing the way messages are exchanged between de@imaguter geniuses got

together and agreed on this protocol so all the computersiould G | £ 1 ¢ {txs S OK 24 KSN
probably the only universal language on the plaret.transmissiospeed and capacity

increased, ther geniuses figured out how to jam even more information on the, kiviech is

the voice partSq your voice travels alongith your Internet traffic at the same time.

Since the computers on the Internet all communicate with each other via
the network the Bell System buitthe calls go from computer to computer
on the Internet.The Internet ighen a sort of subnetwork onthe Bell
{eadGsSyQa YIFIAY ySGég2N] o

Transmissiorspeed and capacity, known as bandwidth, has increased leaps
and boundsand will continue as technology imprové@sis is where fiber optitansmission is
essential No doubt there will be more methods to sendréceive this traffic in the future that
have not been developed yet.



Chapter5

HOW DO CELL PHONES VWR&?

To be blunt, a cell phone is a fancy radibey also use the
Bell System cable network with one additji@mtennas.
When you turnon yourphone, it sends out a radio signal in
search of a cell antenndheseflat panelantennasare
usuallyattachedfacingmultiple directionsnearthe top of
giant metaltowers. Thetowersmay also have round
microwave receiver/transmitters attachemhdregular
antennaslike the ones at the top of the tower in the picture
to the right These towers are often shared by many cell
phone service providersnd possibly, radio stations

These different types of antennas pick up different kinds ¢
OGN YaYA&aaAz2ngamisieupl KS& R2Y

Thesignalgreceived fronthoseantenna rundown cables

to little buildingsnear the baseTheycontain equipment thatonverts the radio signal and
switches your call onto the Bell System
network.

In some areathese towershavebeen
cleverly disguised as pirtiees.Others
look like old fashioned bell towern
some urban areas, antennase
installed on roof topsWhy build a
tower if there is already a tall building in
the area? The decision is basau
pradical considerations antow people
livingin the areaand cityordinances
regulateuglytowersin their
neighborhood

DISGUISED CELL TOWER
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Why is it called gellphone?

Think of a gegraphic area witla pattern ofsix sided cell shapes laid ovedit the center of

each isan antenna towerSeeFgure 4.Thesenvisibleboundariesare thedcells serviced by the
tower in the center The service areas are not as exact as pictured but the boundaries are the
limits the antenna can send and receive signals.

FIGURE 4

[ SGQa al & & andzura énlyduliphoherhat@riehriapicks up tke signal and allows

your phoneto connect If you get in the car and drive out of that cell irdeaB, the system

reads your signal in &sweak andantennaB can take ovelyour call is switched over to

antennaBt whichis called a handoffThis continues rather seamlessly you travelexcept for

I Ll2aaAroftsS aoftALX Ay (GKS Oantegrbibiidothar2 y RdzNAYy 3 G KSE
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cuts off. What has happened ihat you are out of rangef any
antenng as in area E

There are also satellitmobile phones.The advantage is that they
signal a satellitenot a cellantenna But they still have to eventually
send those signal® the cable network described ithapter 2.
Travelingoverseas with one of these is usually no problem becaus
you are not bound to the limited range of earthly catitenna You
should check with youservice provider to assure the country you
arevisitingpermits satellite phone transmissions.




Chapter6
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O4 %, %0 ( COMPANIES.

Ly & K Spravides of &d@ndard telephone serviead video (TV) are pretty obvious.Your

local telephone company (AT&GTEetc.) provided telephone serviand f you wanted cable
TV, you would call theable T\eompany(TimeWarner, Comcasetc.). That distinction is now
very blurred because all of these companies providth; andin more recent timeshigh speed
Internet.

The competition betweelthese two types otompaniess fierce.Theserivalshave their own
networks but theymerge at points so the route doe@have to be totally duplicatednd

connect to the rest of the worldBuying and selling parts of networks is done and makes it hard
to follow sometimesNew technologyandwho can provide it firstis alwaysanissue.

There are many newcomers to the business. They can setup their own switches and provide
many different kinds of servicesxCompanies have creategeacial buildingt a sort of central
officet that leasespaceto these newcomersvhere theysetup their switchThis is convenient
and cost efficient because all of them connect to the Bell System network via onelTpate
locationsare called NAPs Network Access Point.

All of this is accomplished under the watchful eye of feeleral Communications Commission
and thePublc Service CommissioBomebody has to be the referéethis mad dash of
competition!

2 KSGUKSN) 82dz OK22a$S | ddjod iaSié cormatiiod t®theonetBatk, 02 Y LI y &

goodservice is whathe customerwants; andonly the customer can decide.
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Chapter7

A LOOK BACK

In prehistoric times smoke signals, drum beating and ¢
course yelling were used to get a message acros!
distance{ 2 YS OFff GKAa&a I ad 2
This consists of opening multi-story apartment window
andshoutingout your message.

&y LyGSN

Runners took messagescross continents and pigeons were used to herald the arrival of
Egyptian ships.

A7) Ly GKS mMTnnQa& aA 3ytosendazypeSoNdisuab SNBE S YL
" sign language that was passiedm tower to tower.
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This method of dots and dasheg&nown as Morse code was

carried along a wire to the next telegraph station.eTiime saving

may be compared to th difference between a writtethetter and an

email. Later that century Alexander Graham Bell patmhthis

invention. It@ hard for anyone born in our day and age to fathom

just howlong it tookto wish someone a happy birthday!

Telecommuications developedinto more than just getting a message from here to theke.
Russian is responsible for the firgi-electronic TV and the BBC made the first TV broadcast
early in the 28 century.In the 194 n Ché first dommercial radio statianKDKA in Pittsburgh
Pennsylvania sent news to anyone with a receiveradto and televisiortransmissionsare
almostinstant if you have it turned on and are paying attentigkithough radio and television
GSNBE TFTANAGDG dzZa SR F2NJ GAYLRNIIFyGE GKAYy3az (GKSe
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the latest drug.They, like the cell phone, send signals over theTdie disadvantagef sending
Internet and voice transmissiomwer a totally don-airé systemis thatthese transmissionsan be
intercepted by anyoneBut evenTV and radistationsare now transmitting on the Internet and
depend on the networklescribed in earlier chapters






