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INTRODUCTION 

 

 

With the advent of the Internet, email, cell phones, instant messaging, Twitter, Facebook, and 

many other forms of electronic communication, the term άtelecommunicationsέ means 

something different than it did 30 years ago. It used to mean what the telephone could do. 

Recently I asked a retired college professorτnow working in a libraryτwhere I might find books 

on telecommunications. He directed me to the marketing section. I asked another and he 

assumed I meant the Internet only. ItΩs really all of these things. But what is the foundation on 

which they all depend? 

During my thirty seven year career in the telephony, I 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 had direct access to the network. The idea of allowing a 

competitor access to a switch was unheard of until governmental demands required old Ma Bell 

to open her doors. What stayed the same was the need to use physical connections to create 

the network. 

This book is for the curious but non-technical person who wants to know what the 

telecommunication network is. It is also for the leaders in the telecommunications industry to 

have an appreciation for the infrastructure that makes it all work. It describes the Bell System 

network that all others more or less duplicated. 

I hope my descriptions give you an appreciation of the network that makes your electronic 

devices work. It is not intended to be a technical manual (there are plenty of those), but to 

explain to the average person the network that allows all of this to occur. 

If you want to pursue this subject further, I have noted texts in the appendix that will explain 

this subject in great detail which include electronic and optical mind bogglers. 

 

 

 

 

        Saundra hΩbŜƛƭ 



Chapter 1 

WHO BUILT THE NETWORK? 

A άnetworkέ could be defined as, any system of things that are tied together. The network 

described in this book consists of wire and optic cable, equipment, 

satellites, antennae, and microwave equipment that tie your home or 

business to the rest of the world. Without this network the Internet, cell 

and ordinary phones would not work at all. 

To answer the question of who built this network in the United States, 

some history of the Bell System is needed. 

The Macmillan Dictionary for Students ŘŜŦƛƴŜǎ ǘŜƭŜŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŀǎΣ άΧŎƻƳƳǳƴƛŎŀǘƛƴƎ ƻǊ 

ǎŜƴŘƛƴƎ ƳŜǎǎŀƎŜǎ ƻǾŜǊ ƭƻƴƎ ŘƛǎǘŀƴŎŜǎ ōȅ ŜƭŜŎǘǊƻƴƛŎ ƳŜŀƴǎΧΦέ ¢ƘŜ ǿƻǊŘ ƭƛǘŜǊŀƭƭȅ ƳŜŀƴǎΣ 

communicating across a distance. The industry is known as telecom for short. 

In ǘƘŜ мутлΩǎ Alexander Graham Bell spilled acid in his lab and called to his assistant in another 

room, άaǊΦ ²ŀǘǎƻƴΣ ŎƻƳŜ ƘŜǊŜΦ L ǿŀƴǘ ȅƻǳέ. To his assistantΩǎ ǎǳǊǇǊƛǎŜ he heard the call through 

.ŜƭƭΩǎ first telephone device. Interesting that the first reported telephone message was a 911 

call! Since that time, there Ƙŀǎ ōŜŜƴ ŀƴ ŜȄǇƭƻǎƛƻƴ ƻŦ ŘŜǾƛŎŜǎ ǘƘŀǘ ǘǊŀƴǎƳƛǘ ƛƴŦƻǊƳŀǘƛƻƴ άŀŎǊƻǎǎ ŀ 

ŘƛǎǘŀƴŎŜέΦ 

The first telephone company was founded in 1877 just after Alexander Graham Bell obtained a 

patent for the telephone in the United States. It was called the Bell Telephone Company. 

Existing telegraph wire was ƛƴ ǇƭŀŎŜ ŦǊƻƳ {ŀƳǳŜƭ aƻǊǎŜΩǎ ǘŜƭŜƎǊŀǇƘ ƴŜǘǿƻǊƪ and was used for 

some of the first telephone transmissions. Others across the country were stringing wire and 

offering service to people in those local areas. As demand grew for this invention, new alliances 

were made to join local networks to each other and the world. This expansion became the 

American Telephone and Telegraph Company. The name was shortened to the familiar AT&T 

and the network they created is known as the Bell System. This company had help from 

subsidiaries such as Bell Labsτbig brains that invented the transistor and carried on Alexander 

DǊŀƘŀƳ .ŜƭƭΩǎ ƭŜƎŀŎȅτand Western Electric that made telephones and other electronic 

equipment for telecom. 

The MCI Communications Corporation filed a lawsuit against AT&T in 1974. This was coupled 

with an antitrust suit filed by the Department of Justice for the purpose of breaking up the 

monopoly. That suit was won in 1980 which caused AT&T to divest itself of Western Electric and 

Bell Labs. Regional companiesτknown as RBOCS (Regional Bell Operating Companies)τwere 

created such, as Southern Bellτmy alma mater. 

Before the divestiture of AT&T, it was the largest telecom in America. It made sense, in the 

beginning, to have one company to coordinate this massive network. They gave you a phone 

along with your service and controlled the whole market; including the manufacture of 

telephones and telecom transmission equipment. When you disconnected your service the 



phone was returned to the company. Government watchdogs were already in place to regulate 

telecommunications; the Federal Communications Commission (FCC) on the federal side, and 

the Public Service Commission (PSC) on the state side. They approved how much was charged 

for service, watched over every new innovation, and investigated any report of abuse. If fact, 

they still do. 

This divestiture started a storm of innovation and competition. Up to that point, AT&Tτand a 

few small regional companiesτbuilt the network that spanned the U.S. and connected the rest 

of the world. Companies were bought, sold, combined and divested. Recently AT&T merged 

with some of its old holdings. It is hard to keep track, if you are not paying close attention. 

Suffice it to say, ŀ ƭƻǘ Ƙŀǎ ǘǊŀƴǎǇƛǊŜŘ ǎƛƴŎŜ ǘƘŜ мфтлΩǎΦ 

Earlier I mentioned Alexander Graham Bell ς the father of the Bell System. He worked with the 

deaf and was trying to find solutions to that problem. Little did he know his invention would be 

responsible for communications to the world with the touch of a few buttonsτand make the 

Internet possible. The InternetΩǎ ǳǎŜ ƻŦ ǘƘƛǎ ƴŜǘǿƻǊƪ has created countless ways to speak, write 

and transmit information across a distance. 

Others in Europe were working on the telephone, but Bell got the patent first in America. 

Now that you know a bit about what the network is and who built it, we can move on to how it 

is put together. 



Chapter 2 

HOW IS THE NETWORK PUT 
TOGETHER? 

 

When you pick your phone you get what is known as a dial-tone. The 

sound is telling you that the switch is ready to receive the phone number 

you would like to reach. LŦ ȅƻǳ ŘƻƴΩǘ ǊŜǎǇƻƴŘ ƛƴ ŀ ǎƘƻǊǘ ŀƳƻǳƴǘ ƻŦ ǘƛƳŜΣ 

the switch will send a very loud and annoying tone that if not responded 

to, will cut you off. Only so many callers can gain access to the switch at 

any particular moment, so dial that number quick! Most new phones work 

like a cell phone; that is, you dial the number then press send. This eliminates the lag between 

dial tone and numbers dialedτwhich resolves the problem of too many people taking too long 

to dial a number. 

Your next question might be, ά²ƘŜǊŜ is the switchΚέ It is housed in a centrally located building 

in your neighborhood called the Central Office. It usually looks like a large, mostly windowless 

fortress. The buildings are usually constructed to withstand naturalτand unnaturalτdisasters 

to protect the heart of the local network. Your phone line is connected by a mind boggling string 

of cables, wires and equipment that end at the central office. This is where your line is 

connected to the rest of the world. 

What is in the Central Office? 

The COτwhat the industry calls itτhouses the switch, in-coming and 

out-going cables, cable and equipment racks and a bank of batteries 

with power generators in case the local power goes out. Years ago it 

used to be a noisy place where mechanical switches opened and 

closed 24/7. But now the switch is an electronic device that only hums 

to the music of telephone traffic. 

The switch interprets who you are calling based on the numbers dialed 

and sends the call down the correct cable. If you dial an area code that 

is different from yours, the switch knows you want to call someone 

outside your area. The next three numbers are called the exchange. 

This further tells the switch where in the neighborhood that person is 

and finally, the last four numbers identify who you are calling. CABLE RACK 



The cables leaving the central office are designed geographically in an orderly fashion. The cable 

leaving to the north is designated as Route 1, to the east Route 2, to the South Route 3 and 

Route 4 goes west. These cables are designed in groups of wire pairs and those groups have 

numbers to identify them. A pair of wires is required for every individual telephone numberτin 

most casesτdepending on your service. Fiber optic cable has various configurations but they 

also have letters and numbers for the identification of each fiber. These cables are connected to 

the switch through a dizzying number of connections on racks where each pair of wires or optic 

fiber is terminated. Somewhere in there is your pair of wires or light pulse. The same two wires 

that enter your phone must travel from your home or office to the racks. Some of these racks 

house fiber optic equipment that interprets light pulse transmissions from the fiber optic cables. 

But there will be more about fiber optic transmission in Chapter 3. 

[ŜǘΩs follow a copper cable out from the central office and see what happens to it. See Figure 1. 
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Figure 1 



The Route 1 cable we will call άCable 1έ. It is huge because it is going to end up at every service 

location in the northern part of the neighborhoodτwhich could be miles away. For the purpose 

ƻŦ ŜȄǇƭŀƴŀǘƛƻƴΣ ƭŜǘΩǎ ŀǎǎǳƳŜ ǘhis cable is 36 hundred pairs of wires (noted as 1, 1-3600). It 

travels north underground through conduit and manholesτlarge underground concrete cable 

vaults that a man could stand inτand when it exits a manhole, it may go up a telephone pole or 

is directly buried. It branches off into smaller cables, like the limbs of a tree, and then goes 

through distribution cabinets to further divide the route until your pair enters your residence or 

business. The same thing occurs on the other routes. These 4 cable routes and central office 

that services it is called a wire center. 

That would be fine if you only wanted to call people in your neighborhood wire center. So how 

does your call get to your friend several miles away in another wire center? Central offices are 

connected by a trunk cableΦ Lǘ ƛǎ ŎŀƭƭŜŘ ŀ άǘǊǳƴƪέ because it is only used to send traffic between 

central offices or over long distances, and not directly to a customer. See Figure 2. 

 

 

text

Central 

Office

Trunk Cable

Trunk Cable

Wirecenter Boundarys

Central 

Office

Central 

Office

Trunk Cable

text

text

 

 

Figure 2 



When you dial a number, ǘƘŜ ǎǿƛǘŎƘ άƪƴƻǿǎέ ǘƘŀǘ ǘƘŜ ŦƛǊǎǘ ǘƘǊŜŜ ƴǳƳōŜǊǎ are not in your wire 

center. Your call is switched to the trunk cable that goes to the other wire center. Once switched 

to that central office, the second switch interprets the whole number and sends a ring to the 

person you are calling. All this switching occurs at a fantastic speed. The labyrinth of central 

office to central office connections handles your calls to a larger area around your home or 

office. 

But what if you want to call New York City from Phoenix, Arizona? Switching through every 

central office between Phoenix and New York is going to take too long and jam up local traffic. 

Never fear! The brains at AT&T worked out something to handle it. 

An area code is a larger geographic area containing many wire centers. When you dial the area 

code for New York, your central office switch recognizes that your call is long distance. The 

switch directs your call onto what is known as the AT&T Long Lines system. It is no longer called 

AT&T Long Lines but the concept is the same. Figure 3 shows a simplistic diagram of a Long Lines 

route. You can think of it as getting on the interstate highway instead of plodding along the 

surface streets and stopping at every red light. Your call could travel through a number of Long 

Lines switching stations, but this is just an example. These switching stations either pass the call 

to the next Long Lines station or send it to a local central office for routing, as described earlier. 
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Figure 3 



If you want to call to another continent your call will need to cross oceans and other bodies of 

water. Intercontinental cables were placed many decades ago to connect the U.S. with Europe, 

the Caribbean, and East Asia. A company branch of AT&T dropped huge lead-protected 

submarine cables off the back of a ship from one coast to the otherτsplicing them together as 

they went. These cables have since been replaced by fiber optic cables. 

Telecommunication satellites are used to bounce intercontinental 

calls from one place to another. Once the call gets to the other 

ŎƻƴǘƛƴŜƴǘΣ ǘƘŀǘ ŎƻǳƴǘǊȅΩǎ ǾŜǊǎƛƻƴ ƻŦ [ƻƴƎ Lines picks up the call and 

switches it along as described previously. 

 

Greatτnow weΩre all connected. 



Chapter 3 

WHAT IS FIBER OPTICS AND HOW IS 
IT  USED? 

 

Fiber Optics is defined as: the system or branch of engineering concerned with using optic fibers. 

An optic fiber is a filament of glass that can transmit light. It is otherwise known as fiber. One 

fiber is a glass strand the width of a human hair, about 10 microns, covered with plastic to 

protect it and keep the light in. ¢ƘŜ ǿƻǊŘ άoǇǘƛŎǎέ includes anything to do with sight. You may 

have noticed that it is very hard to see without light so light behavior is part of this subject too. 

 

Have you ever seen a decorative lamp that shines light 

through tiny strands? That is what fiber looks like, with some 

modifications. Fibers used in telecom are specially 

manufactured to keep the light going around corners and for 

long distances. Believe it or not, some of your calls or 

computer traffic is transmitted on a laser or LED light pulsing 

through these tiny strands. 

 

The Corning Glass Works company produced the first optical fiber suitable for long-range 

communication in 1970. These fibers are bound together in cables and distributed in the 

network. 

Fiber is a much better way to transmit signals than copper wires for several reasons. It is 

immune to electromagnetic interference. This is a big issue in our current world containing so 

many electronic devices. Lots of common electronics do not work well when other electronic 

devices are near. This interference is caused by ǘƘŜ ŜƴŜǊƎȅ ǘƘŀǘ άƭŜŀƪǎ ƻǳǘέ and affects other 

electronics around it. This interference can come from a toaster. 

Another fabulous thing about fiber is that LOTS of information can be transmitted on this tiny 

filament of glass. It really boggles the mind. This type of cable requires special electronics to 

convert the light pulses back into signals that can be transmitted on copper wiresτsince most 

people still have devices with wires in them. 

In the previous chapters, I described the network in terms of copper wire cables. While all of 

that is true, some of the paths have been either replaced or enhanced with fiber optic cables 

and equipment. Most, if not all, of the trunk cables between central offices have been replaced 

with fiber optic systems to dramatically increase the speed of those transmissions. AT&T Long 

Lines have been replaced for the same reason.  



Right now the Network is a combination of these two types of systems; copper and fiber optics. 

Sometime in the future the use of copper wired cables will be a thing of the past and your 

phone and computer will have fiber optic components. It is probable that the path to your home 

or office is a combination of these two mediums. 

Some companies are offering fiber to the home; known as FTTPτFiber To The Premise. A fiber 

enters your home and is connected to a conversion box that connects to your TV, phone and 

computer. In my opinion, this is by far the best transmission method to date. 

At present, the only reason transmission 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 signals. Someday that will all change and everything will be fiber optic. 



Chapter 4 

HOW DO INTERNET PHONES WORK? 

 

Whether you have a traditional looking phone connected to an 

Internet connection or a headset attached to your computer, 

talking over the Internet still requires the network I described in 

the previous chapters. The Internet, simply explained, is a network 

of computers connected by the Bell System network of cables and 

equipment. Without it the Internet wouldnΩt work at all. Even if you 

had your own satellite you would eventually have to connect to the 

network to reach everyone. 

 

Something called VoIPτVoice over Internet Protocolτwas developed. ! άǇǊƻǘƻŎƻƭέ ƛǎ ŀ ǎŜǘ ƻŦ 

rules governing the way messages are exchanged between devices. Computer geniuses got 

together and agreed on this protocol so all the computers coulŘ άǘŀƭƪέ ǘƻ ŜŀŎƘ ƻǘƘŜǊΦ It is 

probably the only universal language on the planet. As transmission speed and capacity 

increased, other geniuses figured out how to jam even more information on the line, which is 

the voice part. So, your voice travels along with your Internet traffic at the same time. 

 

Since the computers on the Internet all communicate with each other via 

the network the Bell System built, the calls go from computer to computer 

on the Internet. The Internet is then a sort of sub-network on the Bell 

{ȅǎǘŜƳΩǎ Ƴŀƛƴ ƴŜǘǿƻǊƪΦ 

Transmission speed and capacity, known as bandwidth, has increased leaps 

and bounds and will continue as technology improves. This is where fiber optic transmission is 

essential. No doubt there will be more methods to send & receive this traffic in the future that 

have not been developed yet. 

 



Chapter 5 

HOW DO CELL PHONES WORK? 

 

To be blunt, a cell phone is a fancy radio. They also use the 

Bell System cable network with one addition, antennas. 

When you turn on your phone, it sends out a radio signal in 

search of a cell antenna. These flat panel antennas are 

usually attached facing multiple directions near the top of 

giant metal towers. The towers may also have round 

microwave receiver/transmitters attached and regular 

antennas like the ones at the top of the tower in the picture 

to the right. These towers are often shared by many cell 

phone service providers and possibly, radio stations. 

These different types of antennas pick up different kinds of 

ǘǊŀƴǎƳƛǎǎƛƻƴǎ ǎƻ ǘƘŜȅ ŘƻƴΩt get mixed up. 

The signals received from those antennas run down cables 

to little buildings near the base. They contain equipment that converts the radio signal and 

switches your call onto the Bell System 

network.  

In some areas these towers have been 

cleverly disguised as pine trees. Others 

look like old fashioned bell towers. In 

some urban areas, antennas are 

installed on roof tops. Why build a 

tower if there is already a tall building in 

the area? The decision is based on 

practical considerations and how people 

living in the area and city ordinances, 

regulate ugly towers in their 

neighborhood.  

 

If a nearby antenna ƎŜǘǎ ȅƻǳǊ ǇƘƻƴŜΩǎ ǎƛƎƴŀƭ and the signal is strong, 

you will have ŀ ƭƻǘ ƻŦ άōŀǊǎέ ŘƛǎǇƭŀȅŜŘ ƻƴ ȅƻǳǊ ǇƘƻƴŜ. If there are no 

bars, ǘƘŜƴ ƴƻ ǘƻǿŜǊ Ŏŀƴ άƘŜŀǊέ ȅƻǳǊ ǇƘƻƴŜΩǎ ǊŜǉǳŜǎǘΦ 

DISGUISED CELL TOWER 



Why is it called a cell phone? 

Think of a geographic area with a pattern of six sided cell shapes laid over it. In the center of 

each is an antenna tower. See Figure 4. These invisible boundaries are the άcellsέ 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. 
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FIGURE 4 

[ŜǘΩǎ ǎŀȅ ȅƻǳ ǎǘŀǊǘ ƛƴ ŎŜƭƭ ! and turn on your phone. That antenna picks up the signal and allows 

your phone to connect. If you get in the car and drive out of that cell into area B, the system 

reads your signal in A as weak and antenna B can take over. Your call is switched over to 

antenna Bτwhich is called a handoff. This continues rather seamlessly as you travel, except for 

ŀ ǇƻǎǎƛōƭŜ άōƭƛǇέ ƛƴ ǘƘŜ ŎƻƴǾŜǊǎŀǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ǎǿƛǘŎƘ ŦǊƻƳ ƻƴŜ antenna to the other. 

¸ƻǳ Ƴŀȅ ƘŀǾŜ ŜƴŎƻǳƴǘŜǊŜŘ άŘŜŀŘ ȊƻƴŜǎέ ǿƘŜǊŜ ȅƻǳ ŎŀƴΩǘ ƎŜǘ ŀ ǎƛƎƴŀƭ at all or your conversation 

cuts off. What has happened is that you are out of range of any 

antenna; as in area E. 

There are also satellite mobile phones. The advantage is that they 

signal a satellite, not a cell antenna. But they still have to eventually 

send those signals to the cable network described in Chapter 2. 

Traveling overseas with one of these is usually no problem because 

you are not bound to the limited range of earthly cell antenna. You 

should check with your service provider to assure the country you 

are visiting permits satellite phone transmissions. 



Chapter 6 

Ȱ#!",%ȱ #/-0!.)%3 6%23%3 
Ȱ4%,%0(/.%ȱ COMPANIES. 

 

Lƴ ǘƘŜ мфтлΩǎ, providers of standard telephone service and video (TV) were pretty obvious. Your 

local telephone company (AT&T, GTE, etc.) provided telephone service and if you wanted cable 

TV, you would call the cable TV company (Time Warner, Comcast, etc.).  That distinction is now 

very blurred because all of these companies provide both; and in more recent times, high speed 

Internet. 

The competition between these two types of companies is fierce. These rivals have their own 

networks but they merge at points so the route doesnΩt have to be totally duplicated and 

connect to the rest of the world. Buying and selling parts of networks is done and makes it hard 

to follow sometimes. New technology, and who can provide it first, is always an issue. 

There are many newcomers to the business. They can setup their own switches and provide 

many different kinds of services. Companies have created special buildingsτa sort of central 

officeτthat lease space to these newcomers where they setup their switch. This is convenient 

and cost efficient because all of them connect to the Bell System network via one path. These 

locations are called NAPsτNetwork Access Point. 

All of this is accomplished under the watchful eye of the Federal Communications Commission 

and the Public Service Commission. Somebody has to be the referee in this mad dash of 

competition! 

²ƘŜǘƘŜǊ ȅƻǳ ŎƘƻƻǎŜ ŀ άǇƘƻƴŜέ ƻǊ άŎŀōƭŜέ ŎƻƳǇŀƴȅ for your basic connection to the network, 

good service is what the customer wants; and only the customer can decide. 

 



Chapter 7 

A LOOK BACK 

 

In prehistoric times, smoke signals, drum beating and of 

course yelling were used to get a message across a 

distance. {ƻƳŜ Ŏŀƭƭ ǘƘƛǎ ƭŀǎǘ ƻƴŜ ǘƘŜ ά.Ǌƻƻƪƭȅƴ LƴǘŜǊŎƻƳέΦ 

This consists of opening a multi-story apartment window 

and shouting out your message. 

 

Runners took messages across continents and pigeons were used to herald the arrival of 

Egyptian ships. 

Lƴ ǘƘŜ мтллΩǎ ǎƛƎƴŀƭ ǘƻǿŜǊǎ ǿŜǊŜ ŜƳǇƭƻȅŜŘ to send a type of visual 

sign language that was passed from tower to tower. 

¢ƘŜ ƳƛŘ муллΩǎ ōǊƻǳƎƘǘ {ŀƳǳŜƭ aƻǊǎŜΩǎ ǘŜƭŜƎǊŀǇƘ ƛƴǘƻ popular use. 

This method of dots and dashesτknown as Morse codeτwas 

carried along a wire to the next telegraph station. The time saving 

may be compared to the difference between a written letter and an 

email. Later that century Alexander Graham Bell patented his 

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

just how long it took to wish someone a happy birthday! 

 

Telecommunications developed into more than just getting a message from here to there. A 

Russian is responsible for the first all-electronic TV and the BBC made the first TV broadcast 

early in the 20th century. In the 19нлΩǎΣ ǘhe first commercial radio stationτKDKA in Pittsburgh, 

Pennsylvaniaτsent news to anyone with a receiver. Radio and television transmissions are 

almost instant; if you have it turned on and are paying attention. Although radio and television 

ǿŜǊŜ ŦƛǊǎǘ ǳǎŜŘ ŦƻǊ άƛƳǇƻǊǘŀƴǘέ ǘƘƛƴƎǎΣ ǘƘŜȅ ǉǳƛŎƪƭȅ ŘŜǾŜƭƻǇŜŘ ƛƴǘƻ ŜƴǘŜǊǘŀƛƴƳŜƴǘ ŀƴŘ 

marketing. ¢ƘŜ άƳŜǎǎŀƎŜǎέ ǎŜƴǘ ƻƴ ǘƘŜƳ ǾŀǊȅ ŦǊƻƳ music to reality shows to the marketing of 

the latest drug. They, like the cell phone, send signals over the air. The disadvantage of sending 

Internet and voice transmissions over a totally άon-airέ system is that these transmissions can be 

intercepted by anyone. But even TV and radio stations are now transmitting on the Internet and 

depend on the network described in earlier chapters. 




