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The History of Before our earliest
Human Speech ancestors could
communicate their thoughts and
ideas they had to learn to talk.
Spoken sounds came to be words
and language began. In time men
learned to write; and much later
to print. When man could write,
his words could be preserved. No
longer was it necessary to be
within sound of a man’s voice to
get his words. Written messages
could be sent from one man to
another. But written messages
take time to write, and to send,
and to be read.

What man has always needed
is some method of communication
that would enable his actual
speech to be heard miles away
and only by the particular person
addressed. For thousands of years
this was so impracticable that it
was not even a dream.

After the discovery of electrici-
ty, men learned how to make bat-
teries send currents of electricity
through long wires. They learned
about electromagnets which a cur-
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rent of electricity would operate.
When the current flowed, the
electromagnet would attract a lit-
tle piece of iron, pulling it up
sharply until it struck with a click.

The electromagnet and the
battery could be far apart, with
only wires to connect them. And
with this idea the telegraph was
born; and for years it has permit-
ted communication between per-
sons who are widely separated. Of
course, there has to be some agree-
ment as to how the clicks shall
stand for letters; and each word
of a message has to be spelled out
in dots and dashes according to a
code.

The Discovery  And then in 1875
of the Telephone came a more mar-
velous discovery. Alexander Gra-
ham Bell, a teacher of elocution
and a student of electricity, had
the vision of a new machine which
would carry not dots and dashes
but the human voice. In the ear
the tiny disc of the eardrum re-
sponds to a spoken word. Could
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he make a disc of iron to catch
the sound and to send it electrical-
ly to another disc which would
give it out again? In 1875, work-
ing with strips of clock spring, he
built a transmitter which could
send the feeble twang of a vibrat-
ing reed and a receiver which
could reproduce sound.

This he called the “harmonic
telegraph,” and by its use he
hoped to send several telegraph
messages simultaneously over the
same wire. It was while experi-
menting with this apparatus that
he discovered the way to make the
speaking telephone of which he
had dreamed for years. But it re-
quired nearly ten months of fur-

ther experimenting to make his
instrument transmit an intelligible
sentence.

“Mr. Watson, come here, I want
you,” he called into the instru-
ment, and his assistant, listening
intently at the other end of the
line, dropped the receiver and
rushed to Bell in the adjoining
room shouting, “I hear you. I can
hear the words.” .

Bell’s historic words were re-
peated thirty-nine years later un-
der circumstances which gave
them double significance. At the
official opening of the Transcon-
tinental Line, in January, 1915,
Dr. Bell took part in the exercises
at New York, while Watson was

This garret, at 109 Court Street, Boston, where Bell discovered the zrmr/pl:

of electrical speech transmission, was the forerunner of great la

oratories

devoted 10 the development of this magic of communication.
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at San Francisco. Over a circuit
3,400 miles long, Dr. Bell re-
peated to the man who had been
his assistant the first sentence ever
spoken over a wire, and Watson
laughingly replied that this time it
would take him a week to come.

At first the invention seemed
too wonderful for belief. Judges
at the Centennial Exposition in
Philadelphia almost passed it by.
Perhaps they would have, had it
not been for Dom Pedro, the Em-
peror of Brazil, who had met Bell
as a teacher of speech to deaf-
mutes. He recognized him and
spoke. Then Bell went to the
other end of the wire and spoke
into his transmitter while Dom
Pedro listened at the receiver and
the judges watched. “My God—
it talks,” cried the Emperor.

‘What is the telephone ?
A marvelous device—it
catches a spoken word and turns
it like magic into something we
cannot see or hear which speeds
along the wires to another tele-
phone;rand there the magic is un-
done and the hidden word comes
forth.. In the old fairy stories
there always was an enchantment
and then later a charm which
broke the spell and freed a living
person. Our modern fairy story
is the story of electricity. The

The
Telephone

transmitter in your telephone set
casts a spell upon each word it
catches, sending it noiselessly away
along the telephone wires. The
receiver breaks the spell and a
living word issues, bearing its mes-
sage from a far distant speaker.

What is the spoken
word? It is a motion
of the tiny particles or molecules

The Spoken
Word

A model of Bells first telephone.
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which compose the air about us.
But it is a particular kind of a
motion which our ears can receive
and our brains appreciate. It is
started by the voice of the person
who is speaking. His breath and
tongue and lip positions control it.
As he changes these he changes
the kind of motion which he gives
to the air molecules. And so they
produce a different motion of the
delicate drum of the ear, of the
bones and fibres within, and hence
a different sound for the listener
(see Figure 1).

The motion which one gives to
the molecules of air when he
speaks is not like that of the wind
where ‘a multitude of air mole-
cules sweeps along. In a spoken
word, or in any musical sound, the
molecules dance back and forth
(see Figures 1 and 1-A). First
they advance, pushing against the

Fic. 1. If you could see the molecules of
air, this is the way they would appear at one
instant. See point 1 in the chart on page 7.

eardrum, and then they retire and
the membrane of the ear flies back.
Over and over again this happens,
hundreds and even thousands of
times every second. The higher
pitched the voice of the speaker,
the more rapid is the dance. And
yet it is a dainty dance, for the
weight of a snip of human hair
only about one-thousandth of an
inch in length would press as heavi-
ly upon the sensitive eardrum.

The Telephone What s the trans-
Transmitter mitter? It is an
electrical ear which receives the
shock of the dancing molecules,
just as does the membrane of the
human ear. Within the human ear
these motions are taken up by the
tiny bones and sent on to the brain
by the nerves. We do not know
how, for we know less about trans-
mission along nerves than we

A B

Fic. 1-A. This is an enlargement. Think o
the molecules of air if they were tiny
beings rushing toward A and away from B.
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know about transmission over

wires.

wires and carbon grains; and all
the marvels of electricity are due

The transmitter has its ear- to their activities. The battery
7
29 2
IR e
L
AR TRANSMITTER RECEIVER AR

This chart shows the simplest telephone circuit.
ill show just what happens at

drum, the diaphragm, indicated by
numeral 2 in the chart above,
which is set vibrating by the dance
of the air molecules (see Figure
2). Back of the diaphragm is
a small chamber partly filled with
grains of carbon — grains of
roasted coal, in fact. Through this
carBon chamber and the connect-
ing wire$ a battery sends an elec-
tric current. It is indicated by the
numerak 3 in the above chart.
From grain to grain of carbon
and through the wires and bat-
tery there is a steady procession of
billions of tiny specks of elec-
tricity—electrons they are called.
Too small ever to be seen, the ex-
istence of these electrons has been
proved by careful scientific experi-
ment. They are a multitude of
little gnomes which reside in the

[71

Pictures on these 1wo pages and following
the points 1, 2, 3, and 5o o

causes the procession and under its
steady urge billions of electrons
march each second around the cir-
cuit formed by the wires and the
close-packed carbon grains (see
Figure 4 on the next page).

Fi6. 2. When the molecules of air which

are set in motion by the voice of the

speaker rush against the diaphragm of

the transmitter shown in the chart above,

they bend it in. When they rush away,
it springs back.
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The telept tr: is an

electric ear and when its eardrum
is moved back and forth ever so
slightly by the dancing molecules
of air, the carbon grains behind it
are first packed more closely and
then less closely (see Figure 3).
Over and over this happens,
as often as the transmitter dia-
phragm vibrates back and forth.
Imagine a vast army of men
crossing a lake on floating blocks
of ice while the wind freshens
and dies alternately. When the

FiG. 4. If you could go inside the copper

wire in a felephone circuit you would fnd

siny electrons' rushing along between the
atoms of copper.

blocks are blown close *together
crossing is easier, and more men
get over than when the irregularly
spaced blocks are loosely packed
and only occasionally are close

Fic. 3. Carbon grains in a transmitter magnified about fifty times each way. When the

diaphragm is bent in (at left), the grains are closely packed together and many electrons

can pass through. But when the diaphragm springs back (at right), the grains are loosely
b and fewer electrons can pass from grain to grain through the chamber.
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enough together. This, on an
enormous scale, is a picture of
what happens when electrons cross
from grain to grain in the carbon
of the transmitter. Men can move
only slowly, but the tiny electrons

there are many, we say the electric
current is larger than when there
are few. So the current changes,
increasing and decreasing alter-
nately, as the diaphragm com-
presses the carbon more or less.

TRANSMITTER

RECEIVER

You will see from this picture that the transmitter and receiver in a hand telephone are
veally separate units just as in @ desk telephone.

move with an enormous speed of
thousands of miles a second.

If yoti could stand beside the
road leading from the shore of this
lake and count the men as they
marched past, you would find that
there would come a group and
then some stragglers; and then an-
other group, and so on. It is the
same with the procession of elec-
trons which moves along the wire
from one of the plates between
which lie the carbon grains. When

The Telephone ~What is the re-
Receiver ceiver? It is an
electric mouth which can utter
human sounds. There is a thin
diaphragm of iron, indicated in
the main chart by the numeral 6,
and a coil of wire wound on the
magnet indicated by the numeral 5.
The magnet attracts the iron
diaphragm, bowing it slightly
toward itself. The stronger the
magnet pulls, the more the iron
bows toward it, but if the pull de-
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Fi. 5. In the receiver the marching elec-

srons follow the wire coils around a magner.

en there are many electrons marching

through this coil the magnet pulls barder on
the diaphragm.

creases the iron flies back, like the
bottom of a pan which you are
bending with your fingers.

When the electrons follow
through the turns of wire which
form the coils about the magnet
they increase its pull upon the iron
diaphragm (‘see Figure 5). When
a great crowd of electrons is
marching the magnet pulls-harder;
but when only stragglers come the
bent diaphragm springs back.

The motion of the diaphragm
of the receiver is just the same as
that of the diaphragm of the dis-
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Fic. 6. When the receiver diaphragm of Figure 5 bows in, like the left picture here, the

molecules of air rush after

it. When the diaphragm bows out, as ai right above, the

molecules are pushed away. So the molecules rush back and forth just as do those shown
in Figure 2.

[10]
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The cable in this California picture carries many times as many circuits as the open wire
line which pioneered this highway of speech across the continent.

tant transmitter. And the air
molecules near the receiver are set
into the same kind of motion as
those which danced against the
transmitter diaphragm. That is
why the receiver speaks, undoing
the magic which turned a spoken
word into an irregular procession
of electrons (see Figure 6).

The Highways YOU have seen maps
of Speech showing the main
railroad lines stretching across the

United States. Have you ever
seen one like that on the next
page? Its lines show the wire
routes of the Bell Telephone Sys-
tem which developed the telephone
and made it useful to the people
of our country.

These are the highways of a
nation’s speech.

You have scen them in your
walks about country or town.
Sometimes they are high poles
with crossarms, carrying glisten-

[ul
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ing copper wires which stretch
straight across country, up and
down hill, across fields and
streams. Each pair of wires is a
private speedway for the spoken
words of the two persons whose
telephones are connected to it.

eril Cable Between any two cities

es there must always be
cm)ugh lines to carry the conversa-
tions of all the people who might
need to talk at the same time. That
is why between the most populous
cities like New York and Chicago,
the highways are taking a different
form. The wires are not sepa
rated by inches of air but by thin
ribbons of paper, wrapped about
each wire; and the wires of each
pair are twisted together. Many
such pairs together form a cable
which is protected by a sheath of
lead.

Sometimes these cable highways
run underground through con-
duits. This is always true of the

Here is a section of an aerial telephone
cable fanned out 10 show the paper-
insulated wires.

Crossing Pennsylvania along one of the
New York-Chicago cable routes.

speech highways in the larger
cities.

Telephone Many of our cities have
5o many telephone users
that the telephone company di-
vides a city into sections, each
with several thousand telephone
subscribers. Each section is a tele-
phone city, with a convenient
name like “Market” or “Canal,”
and its own central office from
which there are wires to each tele-
phone in that section.
When you telephone to some
one in the same telephone city as

[131
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yourself your telephone wires are
connected at the central office to
those leading to the other person’s
telephone.

The metropolitan area of New
York City is divided into more
than a hundred and fifty telephone
cities, each with its central office.
In the lower part of Manhattan
Island, the financial center of the
world, with its tall buildings, each
holding thousands of persons, there
are a half dozen of these tele-
phone offices. Each serves about
ten thousand subscribers; and yet
in this part of the city the number
of telephones is so great that cen-
tral offices may be only a few
blocks apart.

When you telephone to some-
one in another telephone city your
line must be connected at your

central office to a highway, or
trunk line, which leads to the cen-
tral office in the other telephone
city. There the highway is con-
nected to the wires which go di-
rectly to the other person’s tele-
phone.

Tens of thousands of miles of
such trunk lines interconnect the
various central offices of a large
city, for there always must be
enough wires so that, without
waiting for a telephone highway
to be free, a telephone call can go
right up to a subscriber’s private
telephone door and find out if he
is busy.

The Doors of a Lhe line of a tele-
Telephone City  phone subscriber is
like a hallway leading from the
house, or office, where he has his

The multiple switchboard in your telephone city may have up 10 10,000 con-
wected telephones, and your operator can connect you with any one of them.

[14]
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telephone instrument, to the cen-
tral office of his telephone city.
And there he has a door opening
onto all the national highways of
speech. Through this telephone
door and along the hallway,
formed by the wires which con-
nect his instrument to the central
office, conversation can take place
with anyone else who also has a
door on the national highway.

Opening the For every conver-
Telephone Doors sation two tele-
phone doors must be opened,
yours and that of the person whom
you are calling. If the call starts
from a dial telephone the doors
are opened, that is, the connections
are made, by ingeniously-designed
electrical equipment. Otherwise
they are opened by girl operators.

At the central office your hall-
way is closed by a number of
doors, all alike except for the one
through which your operator an-
swers. This is the door through
which *conversations pass when
you are calling someone else.
When you are being called one
of the other doors is used. Of
these there are enough so that any
operator may reach you without
delay or inconvenience.

For the telephone calls which
you make there is a door directly
in front of the operator who gives

you telephone service. Beside it
is a small electric lamp; this lights
and attracts her attention when
you take your receiver off its hook.
In front of her are several short
lengths of paired wire—cords, as
they are called. Each is a flexible
hallway with which she can con-
nect you to a speech highway or

Each of these “jacks” on the switchboard is
a door 10 a subscriber’s telephone.

directly to the hallway of anyone
who is in your telephone city.

A telephone cord is shaped at
each end like a plug to fit into the
doors, or jacks as they are called.

Switchboard 1he operator wears
Operating  her telephone set. This
leaves her hands free to handle the
cords and some special telephone
“doorknobs” before her. Her own
telephone connects with all of the
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cords; but it is shut off from each
cord by a separate door which she
controls by a "knob” on the desk
in front of her. All these doors
remain tightly closed unless she
holds one open by its knob, or
“listening key,” as she calls it.
When she sees the light beside
your telephone door she picks up
a cord and plugs one end of it
into the door. Automatically the
light goes out. With her other
hand she then opens the door
which connects her telephone with

the cord she is using and so is able
to answer you.

Suppose you wish to talk to
someone in your own telephone
city. Every subscriber in that city
has a door within reach of your
operator. These doors are ar-
ranged in numerical order on a
panel in front of her. It takes
her only an instant to plug the
other end of the cord into the
proper door and send a ring down
that hallway to call the other per-
son to his telephone.

These operators are the ones who complete the connection for you 1o the
number that you are calling

[16]
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A signal lamp, close to the cord
the operator is using, lights when
she plugs into the telephone door
of the person you are calling. It
stays lighted until he takes his re-
ceiver off its hook; so she knows
at a glance whether or not he has
answered your call.

If the telephone you are calling
is busy, the operator must know it
to avoid interrupting.  Special
devices help her. She tries his
telephone door before opening it.
With the tip of the plug she
touches the jack. If his receiver
is off the hook, because his private
telephone hallway is busy, she
knows it instantly, for she hears
a little clicking sound in her tele-
phone. If she doesn’t hear this
warning, she pushes the plug all
the way into the door and rings to
call him.

Between Two  1f the person whom
Telephone Cities you are calling is in
another telephone city your talk
must follow a trunk line to the
other telephone city. So your oper-
ator tests the trunks to the par-
ticular telephone city until she
finds one that is not in use. Then
she inserts the plug into this door.
In a moment a sound tells her
that the operator at the other
end of the trunk in the distant
telephone city is ready to make the

connection. Then your operator
gives the number and the distant
operator connects the trunk with
the line of the person you want.

Dial Similar operations
Switchboards must be performed by
electrical equipment if your call
starts from a dial telephone. This
equipment is very complex; that
is, it has a great many parts. The
parts themselves really are simple
mechanisms; and the plexity
is due to the way in which they
are arranged to work together.
That is true of many things. A
long steel bridge, for example, is
a complex structure, although it
has few kinds of parts. Usually,
in fact, it has only two: first, steel
beams which will hold up weights,
that is, withstand compression;
and second, steel rods which will
resist pulling, that is, withstand
tension.

In the machine-switching equip-
ment of a telephone central office
there are several kinds of parts, but
the most important is the electro-
magnet. This gives a pull on its
armature when a current passes
through its winding. The pull can
be used for almost any purpose.
It can close a switch so as to send
current into other electromagnets
and so make them work. Or, the
pull can be used to close contacts

{17}
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In the center of this picture of a section of a dial central ofice, you will see
a typical bank of the litle elevators which run up and down under the
control of electromagness to establish your connection.

[RED]
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between circuits, or to move some
other piece of equipment, sliding
it along a little way, or giving it
part of a turn if it is something
which rotates. An electromagnet,
for example, can be set to push
some piece of apparatus along,
moving it a certain distance each
time a current is sent through the
magnet winding. For each pulse
of current which reaches the elec-
tromagnet, the apparatus can be
made to move another step along
whatever path its designers wish
it to take.

In dial switching equipment the
complexity comes from the large

cally. When your receiver is raised
the switch in your telephone set is
closed, and current flows along
your line from a large battery at
the central office. At that office
a switching mechanism is put into
operation by this sudden flow of
current. The apparatus starts
hunting over the terminals of a

FINGER wneEL

coveanon

puLse
Contacts

~otr sTor

FRONT OF DIAL REAR OF DIAL

number of telephone lines which
the equipment must be able to han-
dle and from the wide variety of
operations which it must perform.
In the first place, for example, the
equipment must find your tele-
phone line when you lift your re-
‘celver off its hook, picking out
your line from the thousands
which end in the same office.
You remember how the opera-
tor does this when the switchboard
is manual instead of mechanical in
its operation. She is guided to
your line by a lamp which llghts
as your receiver is raised.
electrical mechanism, having no
eyes, would not be aided by a
lamp; it must hunt in the dark;
and it does so by feeling electri-

small group of lines, among
which is yours. It stops when it
feels a line with current in it, and
is then ready to do what you want;
in that regard it acts like an op-
erator on a manual board.

The girl operator would ask you
“Number please?” The mecha-
nism cannot talk, so it sends you a
musical tone to say it is ready for
your instructions. And since it
cannot hear, you dial the number.
As the dial swings back there is a
click for each unit of the digit you
dialed. With each click a pulse
of current passes through some
electromagnet in the mechanism
at the central office. That mecha-
nism then proceeds to put the call

[191



through for you.
tions is simple, but taken all to-
gether they are very complicated,
and a very large amount of equip-
ment is needed.

The Telephone in W€ have a na-
Our Daily Life tional habit of
using the telephone. Is someone
sick?  Telephone to the doctor.
Is there a fire? Report it at once
over the telephone.  We grow up
in homes with telephones. They
are in the houses of our friends,
in stores and public garages, in
police and fire departments, in our

THE MAGIC OF COMMUNICATION
— ———9

Each of its ac- hospitals, our schools, and our
churches. Almost as soon as we

can talk we learn to answer the
telephone, if only to say that
“Mother is out,” and to ask “Who
is calling, please?”

The telephone is a convenience,
a necessity. It saves time and
money and is of assistance in all
the business of our country. But
the great reason why we, turn to
the telephone in arranging our
pleasures, in our worries and
griefs, in emergency, and in our
business dealings, is because it per-
mits personal communication.

Miles of separation vanish as this boy says, "Daddy, it seems just as if

w're in the next room.

{20}
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Do you remember
when you were
younger how in your pleasures or
your fears you ran to your parents
and felt their arms around you?
That was a personal contact.
When in pain from an accident or
sickness, you remember how cool-
ing and quieting your mother's
hand would feel. Sometimes you
needed only the sound of her voice
to comfort you. Perhaps you had
awakened at night with a night-
mare and had called out. Through
the dark you heard your mother’s
voice telling you it was only a bad
dream and to go to sleep again.

All through our lives we are
moved and influenced by the hu-
man voice, but most of all by the
voices of those we know and love
or trust. Very early, as we grow
up, we learn to distinguish voices,
and the finer meanings which their
tones add to the spoken words.

The marvel of the telephone is
that it carries all the delicate
shades of meaning, all the familiac
tones, and all the emotion with
which words may be spoken. That
is why, whether young or old, we
turn to the telephone.

The Value of
Personal Contact

“Credi” Basis A you enter into
of Business  business you will find
that business is founded on “cred-
it.” Perhaps you know that this is a

Businessmen save themselves many a lon,
1rip by sending the voice instead on a quic
round trip.

word with a long history, and
comes from the Latin which means
“to believe” or “to trust.” The
man who was believed or trusted
was called “creditus” and some-
thing which was trusted was called
“creditum.” What was most fre-
quently trusted was the payment
of a sum of money so that “credi-
tum” came to mean a loan. And
our word “credit,” which is de-
rived from that, means “an expec-
tation of the fulfillment of a prom-
ise which has been given.”
Business goes best when there is
credit; and then it takes only a
word to complete a transaction
involving large sums of money.
Do you wish to sell something and

[21]
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ness dealings carried on over the
telephone is the sense of security
in having heard the other person’s

Splicing  telephone wires where the cable
‘bighway crosses a river.

will the other man buy? Your busi-
ness is based on the mutual con-
fidence of credit. If he says he
will buy, you know that when you
are ready to deliver he will accept
and you will be paid. He knows
that he may count on delivery on
the day you promise and that the
price will not change. A word
from each of you will complete
the deal. The telephone permits
such agreements wherever you
may be; and underlying all busi-

spoken

Business Uses  You will find that
of the Telephone the telephone is
used in a thousand and one ways
for business purposes, for the col-
lection of news, for distributing
information on market conditions,
on weather conditions, and on all
the other factors upon which'our
farming, mining, and manufactur-
ing depend. Along the speech
highways which connect our cities
and-towns stream the words which
control the business of our nation.
Each day finds new conveniences
in the telephone and new methods
of increasing and speeding busi-
ness by its use. By telephone the
spoken word travels so fast that
only by comparison can we realize
its enormous speed.

From New York
to San Francisco,
for example, a word can fly by
telephone in a twelfth of a second.
That is almost as fast as light trav-
els. Compare that speed with the
speed of sound traveling in air. If
you ever happened to watch a
baseball game from quite a dis-
tance away, or perhaps even from
the centerfield bleachers of a large
baseball field, you know the rela-

Long Distance
Telephony

[22}
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tive speeds of light (which is
an electromagnetic phenomenon)
and of sound in air (which is me-
chanical). You have seen the
batter hit, drop his bat, and start
for first before the crack of the
bat reached your ears. A tele-
phone line can carry a spoken
sound from Minneapolis to New
Orleans in one-fifth the time it
would take for a word to pass
from catcher to second baseman
across a diamond.

Between cities telephone “re-
peaters” are installed, the devices
which make practicable telephon-
ing over long distances.

At each repeater station along
the route new energy is given to
the electrons which are carrying
the speech. Just why we shall
now proceed to see.

You remember how the tele-
phone operates. In the receiver a
magnet pulls an iron diaphragm.
When there is a procession of elec-
trons through the coils around the
magnet the pull is increased. The
procession starts from the distant
transmitter; and when its carbon
grains are packed more and then
less closely together the procession
changes. That is why the dia-
phragm of the receiver bends more
and then less, alternately.

To make a receiver diaphragm
vibrate it isn’t necessary, however,

A repeater station where vacuum tube am-
Plifiers are installed on long distance circuits
1o maintain volume and quality.

to have a varying procession of
electrons. Electrons dancing back
and forth in the coils will produce
the same effect.

Thé Datice It is very easy to
of the Electrons change into a to-
and-fro dance from a procession
of electrons which is alternately
larger and smaller. All that is
needed are two separate coils side
by side or wound on the same iron
core. If through one coil marches
an irregular procession then in the
other the electrons will dance,
moving in one direction when the
procession increases and in the op-
posite direction when it decreases.
A double-wound coil like this is
called a transformer.

In your telephone the procession
of electrons through your transmit-
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Interior of a telephone company repeater station where weakened currents are
wils up again and sent along 10 the next such station.
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ter is changed into a dance by a
transformer at the central office.
Along the highways, speech is al-
ways carried by dancing instead of
marching electrons. Dancing mole-
cules of air and dancing electrons
in wires transmit our speech. The
telephone transmitter and the
transformer are the magic which
changes a dance of air molecules
into one of electrons. And the re-
ceiver undoes this magic.

Along the wires which form a
speech highway, the electrons pick
up the step one from another, first
those in the coil of the trans-
former and then those farther and
farther away. Just an instant and
all along the line the dance is on.
Back and forth they go, once for
every vibration of the transmitter
diaphragm.

It is work to get electrons danc-
ing even though they are so very
tiny. And those nearer the begin-
ning of the line must do the work
of startipg others farther away.
The ability to do this work is used

up along the line and there are
fewer and fewer electrons engaged
in the dance. If the line is very
long there may be so few dancing
at the distant end that the re-
ceiver diaphragm either will not
respond or will reproduce the
speech too feebly to be under-
stood.

Somewhere
along the line,
therefore, the electrons must be
given more ability to do their
work, more energy, as it is said.
And that must be done without
changing the step of the dance,
because the speech is hidden in it
and would lose naturalness or even
sense. The device which can sup-
ply this energy is a repeater, for
it starts electrons dancing anew
but repeating old figures. It is
connected at a repeater station to
the end of one section of the
speech highway and to the begin-
ning of the next.

Between the transmitter and the

More Energy for
Dancing Electrons

%‘““” ?
e BB
s /‘ﬁ\&

This is what each vacuum tube repeater does for your words.
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receiver in a long distance tele-
phone circuit there is a repeater
which makes more electrons join
the dance. These three instru-
ments—transmitter, repeater, and
receiver—are the most interesting
devices in the story of electrical
communication. But they are only
a part of the very complicated ar-
rangement of apparatus and lines
which the telephone engineers
have learned how to design and
to operate. Of telephone repeat-
ers several different kinds have
been developed in the laboratories
of the telephone company. The
one now used is called a vacuum
tube amplifier.

1t is a wonderful de-
vice in which a few
dancing electrons can control a
great procession of other elec-
trons. There is a glass tube, like
a lamp bulb, from which the air
has been pumped as thoroughly as
possible. - Within it is a filament
which is heated dull red by current
from a battery. The heat drives
some electrons out of the filament
into the vacuum. Then there is
a metal plate which is connected
to another battery; and this bat-
tery forms the electrons into a pro-
cession which shoots through the
vacuum between the filament and
plate and then marches around one

The Vacuum
Tube

coil of a transformer. The other
coil is connected to the beginning
of the outward bound line. If
the procession varies, a dance will

Amplifier Vacuum Tube.

be started along that highway. The
energy for the procession, and
hence for the dance, also, comes
from the two batteries.

Between the plate and the fila-
ment is a wire grid which is con-
nected to the incoming section of
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These Long Distance operators have scores of cities at their finger-tips
and timing devices at cach right band which siamp the length of your
conversation on the record of your call.
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The electrons of this line

line.
dance in and out of the grid. They
have an enormous effect on the

procession, making it much
smaller when they dance in and
larger when they dance out. So
the procession increases and de-
creases in number just as does the
original procession through the
transmitter, where the talking is
being done. On the other side of
the transformer, therefore, a new
dance starts, just like the old but
amplified, that is, increased in
numbers.

Long Distance A repeater of this
Repeater Stations kind, ~embodying
twoamplifiers, one of which repeats
in one direction and the other in
the opposite direction, is used at
cach repeater station. But just how
they are connected to the line
would require too long to explain.

Other Marvels  These vacuum tube
of the Amplifiers amplifiers which
can repeat every step in a compli-
cated dance of electrons, and are
s0 necessary to long distance tele-
phony, can perform other marvels.
Suppose one is used at the end of
a telephone line just before the re-
ceiver. It can set so many elec-
trons dancing in the coils around
the magnet that the recejver will
talk very loudly. Wherever tele-
phone loudspeakers are used,
whether behind the curtains of a
sound-picture theatre or in one’s
radio set at home, there are vacu-
um tube amplifiers.

In the production of sound pic-
tures, what the actors say is re-
corded while the motion picture
camera photographs their action.
A telephone transmitter, or micro-
phone as it usually is called, picks
up their speech and by its magic

This pistare sbous the sarations in the current rossh a telephone irammiser when the
Bell

words “Bell Telephone”

spoken into the transmitter
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turns the words into a dance of
electrons. From the microphone
wires lead through vacuum tube
amplifiers to the apparatus where
the record is made either on film
or a phonograph disc. When later
the record is played in a motion
picture theatre a current is ob-
tained which is just the same in
its variation as the original cur-
rent from the pick-up microphone.
That current, after amplification
by vacuum tubes, goes to the loud
speakers; and through them the
audience hears what the actors
said when the picture was taken.

In radio telephony speech starts
cither from the transmitter of a
telephone set or from the micro-

COMMUNICATION

phone in the studio of a broadcast-
ing station. The current goes by
telephone line to the radio station
If it is a broadcasting station the
program which is radiated is re-
ceived by radio sets in thousands
of homes. Even though a radio
set is all contained in a single
cabinet it really consists of two
parts. One part handles the radi-
ation which is received and obtains
from it a telephone current just
like that which flowed from the
microphone to the broadcasting
station. This current has to travel
only a few inches to reach the sec-
ond part of the set, which consists
of the loudspeaker and the neces-
sary vacuum tube amplifiers.

One section of the distributing center in New York for radio broadcast

programs. Controlled an

safeguarded by telephone engincers, the wire
network transporss programs 1o radio stations from coast 10 coast.

[291



COMMUNICATION
——s

The Captain of this ferry is able to communicate by radio telephone with
selephones on shore, and with other vessels similarly equipped.

Almost the same thing is true
when the radio transmission is
from some telephone set on land
to a ship at sea. The current goes
from the transmitter to the radio
station. This station transmits by
radio and on the ship is a receiving
station. There the radio appa-
ratus detects, in what it receives,
the telephone current.

That current, with the speech it
carries, is then sent along a short
telephone line to the particular
cabin or room where the other par-
ty to the conversation has his tele-
phone.

Of course, whenever there is to
be conversation by radio telephone

there must be on each side of the
gap, across which radio transmis-
sion takes place, both a radio
transmitting station and a radio re-
ceiving station. Radio stations go
in pairs, transmitting and receiv-
ing, just as do the transmitter and
receiver of a telephone set. The
map on the next page shows the
routes over which radio telephone
calls are sent by the American
Telephone and Telegraph Com-
pany. When one telephones from
America to Europe his speech goes
by wire, via New York City, to a
transmitting station on the Atlan-
tic coast; then by radio to the
coast station in England and on by

[30]
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via London. The return

wire
speech follows the reverse of this
route.

That is the route of the link
which radio makes in transatlan-

tic telephone circuits. But that
doesn’t explain what happens at
a radio station.

them do so, but just how is an-
other story. When the electrons
from a speech highway come into
the tube which is responsible for
the dance in the antenna, they
change the number of dancers.
You see there isn’t so much dif-
ference in principle, after all. A
procession is merely a group of

Radio Telephone Radio transmis- dancers all of whom are marching
Tranamision " sion is easily un- along in the same direction. The
derstood if one b how ym of a telephoné trans-

the telephone operates. In an or-
dinary telephone transmitter there
is a steady procession of electrons
and the vibrating diaphragm alters
this procession. In a radio trans-
mitter the electrons are already
dancing. Hundreds of thousands
of times a second they rush up and
down the antenna wires. Usually
a vacuum tube is used to make

Foreign elephone direcories e aval
rseas operators at long-distance /k.n///u arters in New

[32]

mitter varies the number of march-
ing electrons. In a radio transmit-
ter electrons are marching back
and forth and through the an-
tenna to which it is connected. The
number of electrons engaged in
this countermarching is much al-
tered as electrons dance in and out
from a speech highway.
Wherever there is a receiving

e for quick reference by the
York.




Transoceanic radio telephone transmitting centre at Lawrenceville, N. {.,

with 1wo of the line of tall antenna towers that stretch for more than a mi

station electrons are set rushing
back and forth in its antenna,
keeping step with those in the
large broadcasting antenna. In
radio communication there are no
highways with guiding wires to
carry the message directly from
sender to receiver. If the march
"in the large antenna varies, then in
all the receiving antennas the tiny
electrons will also change their
march. A radio-receiving set de-
tects these changes. When the
most electrons are busy rushing up
and down your antenna there will
be the most electrons moving
through the coils of the telephone
receiver which is connected to your
radio set. When there are fewer

e.

marching and countermarching in
the antenna there will be fewer in
the receiver. That is why the re-
ceiver diaphragm will be moved
back and forth just as is the dia-
phragm of the distant transmitter.
And that, of course, is why the re-
ceiver reproduces the speech or
music which is being transmitted
from some distant source.

Kilocycles and  SUMmer, winter;
Kilowatts summer, winter;
over and over again, the seasons
follow each other as if they swung
around a circle passing through a
“cycle” once a year. This word
describes also the current in an
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antenna, for that current passes
through a cycle of changes once
for every time the electrons rush
up and down.

In “cycles per second” we de-
scribe any alternating current.
Household lighting current is sixty
cycles per second. In the antenna
current of a broadcasting station
the alternations occur much more
frequently, for example, five hun-
dred thousand cycles per second
for station WLW. Transoceanic
stations use currents of still higher
frequency.  Instead of saying
“thousands of cycles,” engineers
use the Greek word “kilo,” mean-
ing “thousand of,” and say “kilo-
cycles.”

I the messages from different
radio stations are not to interfere
with each other at a receiving sta-
tion, each transmitter must use a
different frequency for its antenna
current.  That is why broadcast-
ing stations operate on legally as-
signed frequencies ten kilocycles
apart. A radio receiver tuned to
the frequency of one station picks
up very little, comparatively, from
all the other stations which hap-
pen to be operating at the same
time. Also picked up are the mis-
cell, electrical di
atmospheric or man-made, wl-uch
are conveniently called “static.”
It is like listening to someone in

a noisy place; unless he talks
loudly, what he says is lost in the
general noise and cannot be un-
derstood.  And that is one reason
why radio stations must be power-
ful and send out signals which
will be so strong at a distant re-
ceiving set that they'll stand out
clearly above all the interference.

Another reason, of course, is
because radio stations waste their
signals on places where there age
no receiving sets, sending them
out in every direction. That is
necessarily so for broadcasting sta-
tions but not quite so true for
transoceanic stations where there
is a single fixed receiving station
and the transmitter sends its en-
ergy principally in that general
direction.

The power required to operate
most important radio stations is
measured in kilowatts; that is, in
thousands of watts. In household
lighting, lamps are used of 25, 40
or 60 watts; and twenty or so
lights at a time take only a kilo-
watt of electrical power. In house-
hold radio sets the vacuum tubes
use only a few watts apiece; but
in large radio transmitters some
of the more powerful tubes may
use ten kilowatts or more; and the
station may require several hun-
dred kilowatts for its operation.
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radio t But more im-

Redio Bl RO ission is
Wires very convenient when
a large number of widely scattered
receivers are to be reached simul-
taneously as in broadcasting.
Radio transmission is more than
convenient, for it is necessary
when the route over which com-
munication is to take place is not
such that wires or cables can be
used to connect the transmitting
and receiving stations. That is the
case in communication to ships or
to airplanes; and practically it is
the case for most transoceanic
communication.

Where wires can be strung be-
tween a radio transmitter and its
receiver, antennas are not needed.
The wires from the transmitter,
instead of going one to the ground
and the other to an antenna, can
stretch out across the country and
connect to the receiving set. If
every so often along this line there
are amplifiers, then the total of
power needed at the transmitter
and at the intervening amplifier
stations can be less than would be
required for good radio transmis-
sion over the same distance. Also,
there will be less interference
from “static.””

Multi-Channel A pair of wires can
Telephony be used to carry
high-frequency current from a

portant is the fact that a single
pair can carry the different cur-
rents of a large number of differ-
ent radio transmitters, all at the
same time. In that regard wires
serve just like the clear space
through which radio makes its
way; but they direct transmission
very definitely from the transmit-
ter to a particular receiver. If in
one city there were a number of
radio transmitters and in another
city an equal number of receiving
sets, all the transmissions could be
over a single pair of wires be-
tween the two cities. Along the
route, of course, there would be
amplifiers just as on any other
long line. Because of these am-
plifiers the transmitters themselves
could be much less powerful. The
transmitters, therefore, could also
be smaller; and a large number
of them could be grouped to-
gether in a space of a few cubic
feet.

Because all this is so, “multi-
channel” telephone systems are
practicable; that is, systems in
which a single pair of wires car-
ries a number of different mes-
sages, each transmitted by a dis-
tinctive high-frequency current.
In detail the equipment is quite
different from that of a radio sta-
tion—and its development was
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Telephone engineers at the 240 circuit terminal of the experimental coaxial cable system.
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practically independent of radio—
but in principle and for the pur-
poses of easy explanation the
operations are as just described.

In the wire plant of the Bell
System there are many stretches
where a single pair of conductors
is carrying simultaneously two to
twelve different conversations.
The advantage is obvious. If
twelve ordinary circuits are needed
between two distant cities, and if
they would cost more to build and
to operate than would a single
pair of wires with all the terminal
and intermediate equipment to
make it a twelve-channel system,
then the multi-channel system is
the economical one to use.

This same method of using al-
ternating currents of distinctive
frequencies to carry telephone
messages is also applied to tele-
graph messages, whether sent by
key and received on a sounder or
printed by teletypewriters. Twelve
teletype messages can be sent si-
multaneously over a single pair
of wires, or, in fact, over any
transmitting system which will
carry a telephone message. Some-
times, therefore, a single line in the
telephone plant will be carrying not
only several telephone conversa-
tions, but as many or more tele-
type messages. Sometimes the line
may also be carrying current from

T,

a picture-transmitting apparatus.

Coasial Cable o provide ex-
Systems perimental facili-
ties for the development of multi-
channel systems there was con-
structed a few years ago a so-call-
ed “coaxial cable” system between
New York and Philadelphia. The
coaxial cable is merely a pair of
conductors of a peculiar shape.
One conductor is a small tube—in
diameter about that of a lead pen-
cil. The other is a wire, about as
big as the lead of a pencil, which
is held at the center of the tube by
little discs of insulating material
evenly spaced along the wire. Such
a coaxial pair of conductors can
transmit a very large number of
messages simultaneously if equip-
ped with the proper terminal ap-
paratus and with amplifiers along
the route.

In the system between New
York and Philadelphia there are
two coaxial conductors in the
same cable sheath. The accompany-
ing picture shows the terminal ap-
paratus for sending 240 simultane-
ous telephone messages over this
cable system. All the parts of the
conversations going towards Phila-
delphia travel along one coaxial
pair and the other parts of the
conversation travel over the other
pair in the opposite direction.
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This cable system has also been
used for experiments to develop
methods for carrying television
currents. The idea is to carry such
currents from television studios to
distant radio stations, just as sound
programs are carried by telephone
lines to various broadcasting sta-
tions. During 1940 television cur-
rents were transmitted over this
experimental coaxial cable from
the Republican Convention in
Philadelphia to a television broad-
casting station in New York. Mo-
tion pictures also have been tele-
vised and transmitted over the
cable from New York to Philadel-
phia on one coaxial pair and back
on the other, to cover a total dis-
tance of 190 miles.

On the basis of the experience
derived from this experimental in-
stallation, commercial installations
are now being made. One operates
between Stevens Point, Wisconsin,
and Minneapolis, Minn. Ulti-
mately it will be capable of carry-
ing 480 simultaneous telephone
conversations.

Each conversation requires about
10 watts of power at the cable ter-
minals. Along the line about every
five miles is an amplifier which can
amplify, all at once, the currents
of 480 different conversations.
These amplifiers use only about 16
watts per mile of cable.

e When Alexander
Achievement and ~ Graham Bell in-
thesTalepbops vented the tele-
phone it was no accidental discov-
ery, although the invention was so
novel that there were no suitable
words to describe it and it was
listed for patent as “an improve-
ment in telegraphy.” How did this
invention come about? And what
peculiar qualities of Bell himself
made it possible?

In the first place, Bell was a
student of phonetics, the science
of the sounds of speech. His
father had been one before him;
and Alexander as a boy had ex-
cellent training which developed
his ability to study and to analyze
physical problems for himself. His
interest in speech carried him into
the study of acoustics, the science
of vibrating bodies, sound, and its
transmission by dancing molecules.

The science of electricity was
then in its infancy and Bell pur-
sued its study also with a fresh-
ness of mind and a zeal which
were well rewarded.

So much for his training. It
was broad and fundamental to the
work in which he was interested.
And what was that work? Scien-
tific research in the communica-
tion of speech, and inventions
which would be of service to his
fellow men. He was applying his
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knowledge to the relief of deaf-
mutes, teaching them how to use
their mouths to utter speech
sounds, when the idea of a musical
telegraph and then of the tele-
phone came to him. The idea was
the thought of a genius and to it
he brought the highest type of
inventive instinct and a dogged
persistence.

Looking back over his life,
which illustrated these qualities
consistently, it no longer is a won-
der that he invented the telephone.
The wonder would be if he had
not done so, because fundamental
training, the desire to be of service,
a creative instinct, and untiring
persistence are the qualities which
will always make the wonderful ad-
vances in science and engineering.

Development The study of human
and Research speech led Bell's
genius to the invention of the tele-
phone. This study has been kept
up by the Bell System in its re-
search and development laborato-
ries. And with speech there has
been investigated the related sub-
ject of human hearing, because the
fullest knowledge of both is fun-
damental to the electrical art of
speech communication.

The qualities of human speech
which make it what it is, the com-

plex sound of the most flexible
musical instrument, are being de-

with precise apparatus. “The sen-
sitiveness of the human ear to
sounds has been determined by
careful study. In these laborato-
ries hundreds of scientists are en-
gaged in researches and special in-
vestigations. Some are busy with
speech and hearing and others
with methods of electrical trans-
mission. Many invent and design
new forms of equipment or en-
tirely new systems of communica-
tion. Some are engaged in study-
ing electrons and their interesting
behavior, for a knowledge of elec-
trons is fundamental to telephony.
They are adding to the world’s
fund of knowledge in the new sci-
ence of electronic physics. During
such researches important discov-
eries and inventions arise.

Today every science that can
contribute to the electrical art of
communication is constantly being
studied by these experts; and their
investigations are enriching the sci-
ences. And in all these researches
and developments and inventions
there is the spirit of Alexander
Graham Bell, working for the ad-
vancement of science and the cre-
ation of new instruments for the
service of mankind.
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