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THE STORY OF ELECTRICITY

PREFACE

=) HE intent of this book is to tell a plain story of the develop-

.'@ ment of electricity. Considering the supreme importance of
03 the electrical mdustlv affecting as it does to-day the home
=2 and business life of pmctlcallv every citizen of this country,
it is a remarkable fact that no history of its rapid and marvelous
development has been produced—a development due to the initiative
of progressive and far-seeing men and the employment of courageous
private capital. This lack of adequate historical recognition is all
the more surprising when it is understood that at the present time
more than twelve billion dollars are invested in the electrical industry ;
that the people paid out last year over $3,500,000,000 for electrical
service; that during the same period the public bou@ht and used
$750,000,000 worth of electrical devices, apparatus :md supplies, and
that conservative and authoritative estimates place the number of
Amnerican people dependent upon the electrical industry for a living
or support at 5,000,000, or one in every twenty of the country’s
population.

Hence the Editors of THE STORY OF ELECTRICITY
take especial pleasure, pride and satisfaction in recording and ar-
ranging in an historical review the salient facts regarding an industry
with which they have been actively connected since youth.

The Kditors were both, for many years, electrical journalists
whose daily work brought them into close contact with all but the
very earliest pioneers in the telegraphic art. Acquaintance and
friendship with the leading men of the industry during the past thirty-
five years has enabled them, in the majority of instances, to secure
accurate data regarding important events from the actual creators of
the art or participants in those events. Suggestions that such a work
should be prepared have been repeatedly made, and they feel that
they are meeting a long recognized necessity for such an addition to
the permanent literature of invention and industry. This history is
written in the language of the layman, while at the same time its
technical truth will satisfy the scientist.

It is thus possible to present an historical narr ative at once
accurate and authoritative, as w ell as one th(noughlv permeated with
that most desirable quality, “human interest.” The personal sketches
have been prepared with the utmost care, and no efforts have been
spared to secure authentic portraits of the prominent members of this

411320



great industry, both of the past and the present day. Contained within
the covers of this volume, the casual reader or the student in search
of information will find not only the facts he is seeking, but at the
same time he may, by consulting the index, turn to portraits and
reliable biographies of the men concerned in the events described.

Although this volume is primarily a history, the general reader
will find the narrative pleasantly punctuated with descriptions of
absorbingly interesting events such as the romance of the telephone,
from the stringing of the first experimental line between Cambridge
and Boston to the modern “coil-loaded” and “phantom” circuits
which make possible the transmission of speech between New York
and San Francisco; the hazardous exploits performed by adven-
turous pioneer inventors in the electric railway field—such as riding
on the truck of a street car and holding in place the electric motor
which had jarred loose from its fastenings; the thrilling and danger-
ous expeditions into the jungles of the I'ar Kast in search of the
exact species of bamboo required for incandescent lamp fllaments;
the steady, grinding, stubborn hours of ceaseless experiment which
finally resulted in apparatus that renders possible the moving picture
of today; the stirring account of the epoch-making discovery of a
way to subdivide the electric current by which house-lighting by
electricity became possible; the narrative of the important commercial
introductions of the alternating current which enables electrical energy
to be delivered for useful work at points far distant from its source
of generation; the account of the patent litigation, acrimonious legal
strife and bitter business battles waged by the partisans of “direct”
and “alternating” current systems; the mysterious and wonderful
electro-chemical reactions that take place in the operation of a storage
battery; and over all, partly to be read between the lines and partly
emblazoned as high lights of industrial progress and human achieve-
ment, spreads the glamour of pioneer hardships and business chances
undertaken and endured by adventurous men of faith and vision and
commercial sagacity, many of whom have after all realized but a small
if any part of their just reward. For the majority of them the con-
sciousness of having rendered conspicuous public service must forever
suffice. .

The subject is a wonderful one. The Editors have endeavored to
treat it so as to preserve as much as possible of that atmosphere or
sentiment of co-operative effort which binds electrical men into the
fraternity that has enabled them to give more of comfort and service
to humanity than any other group of professional workers the world
has ever known.

T. COMMERFORD MARTIN

STEPHEN LEIDY COLES
New York, 1919









CHAPTER 1

ORIGIN OF ELECTRICAL SCIENCE

HisToRrRICAL SKETCH OF THE DISCOVERY AND DEVELOPMENT OF
ELEcTRICAL PHENOMENA

Q- S this book probably will fall into the

hands of many readers who have

no knowledge of electricity what-
ever, it has been suggested to the authors
that a preliminary historical sketch of the
growth of electrical discovery and experi-
mentation from the earliest times would
be helpful to a clearer understanding of
what has been accomplished in the United
States in the past half century in this re-
markable field of development.

The account which follows, while cov-
ering the subject in the briefest possible
manner, has been written to meet this sug-
ges-ion and with the hope that the layman
may glean from it enough to make plainer
and more interesting to him the other
chipters of the book.

The period of Thales, a Greek philoso-
pher, about 600 B. C., is generally taken
by historians as the genesis of electrical
discovery. Thales was a mathematician,

“an astronomer and an all around wise man
of his day. Having these qualifications,
which are historically well authenticated,
it is logical to assume that his faculty of
observation was well developed. There-
fore, when he is credited with the observa-
tion that if a piece of amber is rubbed
against the clothing it will first attract and
then repel light objects brought near it, it
seems safe to assume that even if he was
not the original discoverer he, at least, was
the first to record the phenomenon upon
which so much later knowledge has been
founded.

That Thales was not lacking in the at-
tributes of the modern business man is

shown in an anecdote related of him by
Benj. Martin in his “Biographia Philo-
sophica,” London, 1764, as follows:

““T'hales being upbraided for his Poverty,
resulting from the Study of Science, and
foreseeing by his Skill in Astrology there
would be plenty of Olives that year, pur-
chased all the gardens about Miletus and
Chios, and thus having acquired a Mono-
poly, disposed of them again at High
Prices, and then told his Neighbors that it
was very easy for Men of Learning to be
rich if they chose it, but that Wealth was
not their Aim.”

Because of its suggestion of sunlight,
the Greeks named their beautiful, golden
amber ‘“‘elektron,” from which our “‘elec-
tricity’’ readily descends. Here, then, we
have the beginning of things electrical—
the original and first experiment made and
recorded and the derivation of the name
for the specific form of energy on which
all our latest developments depend.

About the time of Thales, Aristotle is
reported to have said: “The stone has a
soul since it moves iron.” It is supposed
that he referred to the lodestone, or par-
ticular variety of iron ore called “magne-
tite,” which possessed the power of at-
tracting similar pieces or small particles of
iron. The city of Magnesia produced the
best specimens of these stones. Thus we
have a source for our terms “magnetism’”
and, later, “magnet.”

Some 300 years after Thales, Theo-
phrastus the Greek showed that certain
species of tourmaline when rubbed ac-
quired similar properties to amber. In his
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work ch piccious’ stones he’ states that
“amber is a stone. It is dug out of the
earth in Liguria and has a power of at-
traction. It is said to attract not only
straws and small pieces of sticks, but even
copper and iron, if they are beaten into
thin pieces.”

At an indefinite date, probably some
time before 100 A. D., Plutarch records
the fact that it had been observed that
“iron drawn by stone often follows it, but
often also is turned and driven away in the
opposite direction.”

This, then, is the sum of our knoxvledge
of electrical phenomena at the beginning
of the Christian era. For 2,000 years
Thales’ original experiment lay dormant
and was productive of nothing. From our
modern standpoint it seems most remark-
able that the existence of electrical energy
should have remained so long unrecog-
nized. The world was not lacking in bril-
liant minds, for the Egyptians, the Greeks
and the Romans possessed a high order
of culture and intellectual development.
In the words of Dr. Edwin J. Houston,
“the road leading into the unknown do-
main of electric science was pointed out to
them, but this road was neglected and soon
forgotten, and, only during the past one
hundred years or so, became the great
thoroughfare of scientific progress.”

The centuries are barren of electrical
advance until Dr. William Gilbert, physi-
cian to Queen Elizabeth, of England,
showed that many bodies besides amber
and tourmaline, when rubbed, attracted
and then repelled light particles brought
near them.

Gilbert, who was born in 1540, pub-
lished his observations in 1600 in a book
entitled “‘De Magnete,” which is among
the very earliest printed records relating
in any way to electricity. He described
a large number of experiments. His men-
tal development, which was beyond the
average, gave him the enduring distinction
of being the first man after a lapse of
2,000 years to extend the original obser-
vation of Thales. Gilbert was a contem-
porary of Bacon, who taucht a system of
inductive philosophy under which the
causes of phenomena are determined by
careful experimentation and the facts ob-
tained from one series of experiments are
used as the basis for further experiments.

THE STORY OF ELECTRICITY

Gilbert's work, although leading him to
erroneous conclusions in a number of in-
stances, bears evidence of having been
carried on according to Bacon’s methods
of philosophy. Gilbert's researches and
the important fact that he recorded them
in a printed book have resulted in the be-
stowal upon him of the title “Father of

DR. WILLIAM GILBERT

First Systematic Investigator of Whom there is
any Record

Electricity.” He also is credited with hav-
ing invented the name “electrica,” or “‘elec-
trics,” to describe those bodies which pos-
sess the amber attraction. Thus he pro-
vided a root for our word “‘electricity.”
The adaptation of a piece of magne-
tized iron for use as a mariner’s compass
has been credited to the Chinese and also
to seafaring men of the Northern Euro-
pean countries. The first description of
the device, however, was made by Alex-
ander Neckham, an English monk, in
1180. He assumed a knowledge of the
facts that if a natural magnet, or lode-
stone, is suspended and free to turn about
a vertical axis the same portion of the
magnet will always point to the north; and
that if a piece of iron is rubbed with a
lodestone it will acquire temporarily the
properties of the lodestone. '
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Gilbert made and described many ex-
eriments with the compass. He ampli-
fied Robert Norman’s assumption that the
magnet is surrounded by an “orb of vir-
tue” by imagining that his sphere of influ-
ence extended to infinity and called “rays
of magnetic force” the lines along which
the magnetic force was exercised. In con-
sonance with Gilbert's theories we speak
today of the “field of force” surrounding
a magnetic pole and refer to his rays as
“lines of force.” Gilbert also found that,
while magnetic action is strongest at the
poles of a lodestone magnet, the force per-
meates the whole mass and that if it be
broken up each part becomes a magnet
with its own north and south poles. An-
other of his discoveries was that the mag-
netic attraction of a lodestone for iron
particles can be cut off by the interposition
of any substance except iron and also that
the iron particle is magnetized before it
touches the magnet, having a polarity op-
posite to that of the magnet. Therefore
the north pole of a magnet induces in the
approaching iron particle a south pole and
these two unlike poles attract each other.
Thus the important principle of magne-
tization by induction is established.

The flow of electric current through a
conductor was demonstrated by Gilbert’s
experiment that the magnetic force moves
from one end of an iron rod to the other
when one end is in contact with a magnet.

Otto von Guericke, burgomaster of
Magdeburg, about this period had been
making experiments with the amber at-
traction. In order to save time and labor
in rubbing the amber by hand he made, in
1650, a machine consisting of a large ball
of sulphur mounted on a shaft which could
be revolved. His hand laid on the sur-
face of the ball acted as the rubber. Plac-
ing a linen thread in contact with the globe
and revolving his machine, he made the
important discovery that, just as Gilbert
found that magnetism passes from one
end of an iron rod to the other, the electric
attraction appeared at the distant end of
the thread. Thus was established the
principle that electric attraction could be
€l .

conducted” and made evident at a point
distant from its source. In this primitive
laboratory in Magdeburg, therefore, was

born the ‘“‘electrical transmission of
energy.”’

About 1700 Francis Hawksbee, an Eng-
lishman, built a similar machine with a
glass globe in place of the ball of sulphur.
By means of a belt and crank shaft the
globe could be revolved at high speeds.
Exhausting the air from the globe and
rubbing it while it revolved produced a
glowing light in the sphere. When this

OTTO VON GUERICKE

First to Conduct Experiments with a Special
Machine

experiment was performed before the
Royal Society great excitement was cre-
ated by the “electric light.”

Stephen Grey, an Englishman, in 1729,
first called attention to the difference be-
tween conductors and non-conductors of
electricity. Using threads of hemp sup-
ported by silk threads he transmitted the
electric attraction a distance of 1,000 feet.
His further experiments demonstrated
that while linen, hemp or metal would
conduct electricity, silk was a non-conduc-
tor. A Frenchman, Charles du Fay, re-
peated these experiments and records, in
1733, that the hempen thread, when sup-
ported by silk threads, is “‘insulated.” An
“insulator,” therefore, is a substance
which conducts electricity so poorly that
the amount passing through it is negligible.



As the amount of electricity produced
by the various frictional machines of these
piloneer experimenters was very small, a
demand grew up for a device that would
either store these small quantities until a
large total had accumulated or a machine
that would itself generate large quantities
of the electric fluid. Hence it happens
that 1745 proved to be a memorable year
in the advancement of electrical experi-
menation, for-at this date Bishop Von
Kleist, dean of the”cathedral of Comin,
Pomerania, discovered the Leyden jar.
While this discovery has been credited to
others, Dr. Joseph Priestley, in his *‘Iis-
tory and Present State of Electricity, with
Original Experiments,” London, 1775, at-
tributes the discovery to Von Kleist.

The Leyden jar, or phial, gets its name
from the fact that Cunaeus, of Leyden,
while repeating some experiments with
Professors Muschenbroeck and Allamand,
of the University of Leyden, independ-
ently made the same discovery as Von
Kleist. In a letter from Von Kleist, dated
November 4, 1745, read before the Aca-
demy of Science at Berlin, he describes his
discovery as follows:

“When a nail, or a piece of thick brass
wire, &c., is put into a small apothecary’s
phial and electrified, remarkable effects
follow; the phial must be very dry or
warm. [ commonly rub it over before-
hand with a finger, on which T have put
some pounded chalk. If a little mercury,
or a few drops of spirit of wine, be put
into it, the experiment succeeds the better.
As soon as this phial and nail are removed
from the electrifying glass, or the prime
conductor, to which it hath been exposed,
is taken away, it throws out a pencil of
flame so long, that, with this burning ma-
chine in my hand, I have taken above sixty
steps, in walking about my room. When
it is electrified strongly, T can take it into
another room, and there fire spirits of
wine with it. If while it is electrifying, I
put my finger, or a piece of gold, which I
hold in my hand, to the nail, I receive a
shock which stuns my arm and shoulders.”

About this time a number of experi-
menters investigated the Leyden jar effects
and most of them describe extravagantly
the sensations produced on themselves by
the electric discharge. It is altogether
probable, from what is now known of the
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character of the jars then constructed, that|
the shocks obtained must have been trivial. |
Professor Allamand reports that Bohe-
mian glass was the best kind to use und
further remarks: “That with which it|
(the experiment) best succeeded was a
beer glass.”

The discovery of the Leyden jar and |
its independent study by a number of ex-|
perimenters undoubtedly marks a most im- |
portant milestone in electrical progress.
It is a fact that some of the most interest-
ing advances in electrical science in mod-
ern times have been founded on the basic
principles of the Leyden jar. The re-
searchesof Dr.Elihu Thomson and Nikola
Tesla on the effects produced by alternat-
ing currents of high frequency are notable
examples of this.

Recalling the occasions without number
when the wiseacre layman has feelingly
rernarked that “electricity is-only in its
infancy,” it is interesting to note the obser-
vations of one Tiberius Cavallo, who
published a treatise in three volumes on
electricity in 1795. Referring to the Ley-
den jar, he says:

“Since the time of this discovery, the
prodigious number of electricians, experi-
ments and new facts that have been daily
produced, from every corner of Furope,
and other parts of the world, is almost in-
credible. Discoveries crowded upon dis-
coveries; improvements upon improve-
ments; and the science ever since that time
went on with so rapid a course, and is now
spreading so amazingly fast, that it seems
as if the subject would soon be exhausted,
and electricians arrive at an end of their
researches; but, however, the ne plus ulira
is, in all probability, as yet at a great dis-
tance, and the young electrician has a vast
field before him, highly deserving his at-
tention, and promising further discoveries,
perhaps, equally, or more important than
those already made.”

The ubiquity and fascination of electri-
cal experimentation had their start about
this time, when news of the discoveries in
Europe reached the colonists in-America.
Benjamin Tranklin, a Philadelphia printer,
in 1746, repeated the Ieyden jar experi-
ments for his own amusement. He had
already, in 1742, made the immortal dis-
covery with his silken kite that lightning
and the artificial discharge from the Ley-
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den jar are identical. The practical ap-
plication he made as the result was the
invention of the lightning rod. Franklin’s
own description of his kite experiment is
given in one of his letters which, later, was
published in his book, “Experiments and
Observations on Electricity, made at Phil-
adelphia, in America.” The letter is as
follows :

“As frequent mention is made in public
papers from Europe of the success ot the
Philadelphia experiment for drawing the
clectric fire from clouds by means of
pointed rods of iron erected on high build-
ings, &c., it may be agreeable to the curi-
ous to be informed that the same experi-
ment has succeeded in Philadelphia,

' though made in a different and more easy
| manner, which'is as follows:

“Make a small cross of two light strips
of cedar, the arms so long as to reach to
four corners of a large, thin, silk handker-
chief when extended; tie the corners of the
handkerchief to extremities of the cross,
so you have the body of a kite; which
being properly accommodated with a tail,
loop, and string, will rise in the air, like
those made of paper; but this being of silk,
is fitter to bear the wet and wind of a thun-
der-gust without tearing. To the top of
the upright stick of the cross is to be fixed
a very sharp pointed wire, rising a foot or
more above the wood. To the end of the
twine, next the hand, is to be tied a silk
ribbon, and where the silk and twine join,
a key may be fastened. This kite is to be
raised .when a thunder-gust appears to be
coming on, and the person who holds the
string must stand within a door or window
or under some cover, so that the silk rib-
bon may not be wet; and care must be
taken that the twine does not touch the
frame of the door or window. As soon as
any of the thunder ciouds come over the
kite, the pointed wire will draw the electric
fire from them, and the kite, with all the
twine, will be electrified, and the loose fila-
ments of the twine will stand out in every
way, and be attracted by an approaching
finger. And when the rain has wet the kite
and twine, so that it can conduct the elec-
tric fire freely, you will find it stream out
plentifully from the key on the approach
of your knuckle. At this key the phial may
be charged; and from electric fire thus ob-
tained, spirits may be kindled, and all the
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other electric experiments be performed,
which are usually done by the help of a
rubbed glass globe or tube, and thereby
the sameness of the electric matter with
that of lightning completely demon-
strated.”

BENJAMIN FRANKLIN

Discoverer of the Positive and Negative char-
teristics of Electricity, and Inventor of
the Lightning Rod

Franklin’s further observations on the
Leyden jar brought him the knowledge
that when it was charged from the fric-
tional electric machine the inner coating
of the Leyden jar connected to the ma-
chine was positive and the outer coating
negative. Having established this fact to
his satisfaction, he made a Leyden jar
which easily could be taken apart and
began a series of experiments to discover
where the electricity was stored. By using
a sheet of glass with thin lead on each side
he found that the electricity did not rest
in the lead coatings but was on the surfaces
of the glass, and was held there by the at-
traction of opposite -electrifications until a
path was provided by which the positive
and negative charges could join each
other.
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Until now European observers had be-
lieved that the electricity was held in the
iron filings, or the lead plates, or the
water used to fill the Leyden jar. Frank-
lin’s theory, however, in the course of
time prevailed and displaced all others.

As a natural sequence of this theory, it
followed that if the surface of the glass
was where the electricity was stored, all
that had to be done to secure an increasea
charge was to enlarge the glass surface;
that is, two jars properly connected would
contain twice the charge of one jar or have
twice the “capacity.” Franklin, therefore,
increased his battery of jars to six or more
and succeeded in securing a discharge suf-
ficient to kill a ten pound turkey. When
Franklin had his battery of jars arranged
so that all the inner coatings were con-
nected together and all the outer coatings
connected with each other, making, in
effect, a single large jar, he said the jars
were ‘“‘connected in parallel.” When the
outer coating of the first jar was connected
to the inner coating of the second, and so
on, he called the connection “cascade.”
While we still use Franklin’s term “paral-
lel” connection, we now call his “cascade”
connection ‘‘series.”

Franklin continued his electrical investi-
gations along with his other activities, but
the proof of the identity of the electric
spark and the flash of lighting and the in-
vention of the lightning rod gave to the
world the first practical results of electri-
cal experimentation. It had now been
about 150 years since Gilbert’s classic dis-
coveries in magnetism. The sum of prac-
tical electrical knowledge at this time was,
therefore, contained in the work of these
two men.

Luigi Galvani, professor of anatomy in
the University of Bologna, made a mem-
orable discovery in 1786. While carrying
on some experiments in the effects of at-
mospheric electricity on animal organisms
he accidentally found that the dismem-
bered leg of a frog was violently con-
vulsed when charged with electricity. As
he had been searching for the vital fluid
which could be credited with being the
cause of vitality, he supposed he had
found it, and his published accounts of this
experiment make such a claim, which we
now know to be erroneous. The excite-
ment produced by Galvani's announce-

OF ELECTRICITY

ment was widespread and s experiments
were repeated by many observers in the
scientific worid.

Among these was Alexander Volta, pro-
fessor of physics in the University of
Pavia, who, while at first accepting his
conclusions, afterwards decided that Gal-
vani had really discovered a new mecthod

ALEXANDER VOLTA

Discoverer of the Voltaic Pile. The Most Im-
portant Advance up to that Time

of producing electricity instead of the vital
force of life, as he had announced. As a
result of his experiments Volta announced
in 1796 the voltaic pile, one of the most
important inventions ever made in the clec-
trical arts. It is interesting to note that
Volta was so far in advance of his time
with this invention that he stirred up no
rival claimants, a really unique distinction.
The voltaic pile, which was the first gen-
erator of a continuous electric current, was
referred to by Arago as “‘the most won-
derful apparatus that has ever come from
the hand of man, not excluding even the
telescope or the steam engine.”

Volta’s pile, first exhibited in 1800, con-
sisted of a series of disks of silver, zinc
and cloth wet with salt water. The disks
were about an inch in diameter and were
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assembled i~ a column in regular order—
silver, zinc, cloth, repeated until the de-
sired number was reached. In the inven-
tor's own words, this procedure resulted
in “‘the construction of an apparatus which
resembles, so far as its eftects are con-
cerned — that is, by the commotion 1t is
capable of making one feel in the arms,
etc.—the Leyden batteries, and still more
the fully charged electric batteries. It
acts, however, without ceasing, and its
charge re-establishes itself after each ex-
plosion. It operates, in a word, by an in-
destructible charge, by a perpetual action
or impulse on the electric fluid.” The ca-
pacity of the pile, moreover, was in exact
proportion to the number of metallic
plates used. One hundred pairs produced
a distinct shock and 500 pairs a very pain-
{ul one. As compared with a Leyden jar,
the greatest improvement in the voltaic
pile was its continuity of electric discharge.
This was true as long as the disks of cloth
remained moist. When they became dry
the action of the pile ceased entirely.
Volta overcame this defect by devising his
“crown of cups,” the cloth disks being re-
placed by glass vessels filled with salt
water and strips of silver and zinc taking
the place of the metal disks. In this ap-
paratus the silver in one glass cup was con-
nected to the zinc in the next cup, the silver
in this to the zinc in the next, and so on;
a ‘“‘series connection” like the Leyden jar
battery.

Experiments with the new voltaic pile
soon demonstrated that more vigorous ac-
tion could be obtained by replacing the salt
water in the cups with a weak solution of
sulphuric acid. Then it was found that
the acid rapidly dissolved the zinc even
when the pile was not discharging current
and that hydrogen gas was given off at the
zinc. To save this waste of metal the
strips were attached to a frame which

could be raised out of the acid solution:

when the apparatus was not in use. Thus
came about the invention of the ‘“‘plunge
battery.”” It also was found that the waste
of metal could be stopped, even if it were
left in the acid bath, if the zinc strips pre-
vious to use were rubbed with mercury, or
“amalgamated.” Now, while no gas was
generated while the cells were at rest, a
copious discharge took place as soon as
the complete circuit was established be-

tween the end plates and the zinc was con-
sumed in direct proportion to the electric
discharge drawn from the cell. New the-
ories for the action of the cell were now
advanced. It was recognized that some-
where in the apparatus a force was
evolved which had the ability to move elec-
tricity through a closed path. The cells

SIR HUMPHRY DAVY
First to Exhibit a Practical Electric Light

themselves had been referred to as “elec-
tro-motors” or electricity movers. This
force, then, was called ‘“electro-motive
force,” a term still important in our elec-
trical vocabulary.

A great number of valuable discoveries
and inventions followed, now that Volta
had placed at the disposal of investigators
a simple and easy means of producing
electricity. One of these discoveries was
that of Nicholson and Carlisle, made in
1800, which proved that an electric cur-
rent passed through a compound liquid de-
composes the liquid. Their voltaic pile
consisted of thirty-six English half-crowns,
alternating with the same number of zinc
disks, the two metals separated by disks
of pasteboard soaked in salt water. With
this apparatus, Nicholson and Carlisle
showed that when current was passed



16 ° THE STORY OF ELECTRICITY

through salt water the water was decom-
posed and oxygen and hydrogen were lib-
erated.

Sir  Humphry Davy, by using this
method on October 6, 1807, made the im-
portant discovery of the compound nature
of potassa, a substance which theretofore
had been regarded as elementary. He
demonstrated that postassa was composed
of the hitherto undiscovered metallic ele-
ment potassium combined with oxygen.
Later he demonstrated that the earth’s
crust is almost entirely formed of metallic
elementary substances combined with OXy-
gen or other substances.

Although it was discovered very shortly
after the invention of the voltaic pile that
a bright light is produced at a break in the
circuit of a sufficiently powerful pile, it
was Sir Humphry Davy who, in 1809,
showed at the Royal Institution in London
for the first time on an extended scale the
brilliant light of the voltaic arc which he
established, with a pile formed of 2,000
couples, between two sticks of carbon.
Strictly speaking, this was not the first arc
light, yet it was undoubtedly the first time
it was publicly shown in such a way as to
demonstrate its possibilities as an artificial
illuminant.  While many futile attempts
were made from this time on to produce
a commerciallly practical arc light, it was
not until nearly seventy years later that
the problem was solved.

Gilbert had shown the many points of
difference between electrical and magnetic
phenomena and had proved fallacions the
belief of the early philosophers that elec-
tric and magnetic attractions werc identi-
cal, yet the opinion prevailed among many
experimenters that there was g definite
relation between magnetism and electric-
ity. Hans Christian Oersted, professor of
physics in the University of Copenhagen,
was a scientist who held such views. One
day in 1819, while addressing his students,
he happened to hold a highly charged wire
over a large magnetic needle which had
come to rest in its normal position on the
lecture table. To the astonishment of the
professor, the needle swung about and
took up a position at right angles to the
charged wire. Oersted promptly began a
series of experiments to establish the rela-
tion he suspected between magnetic and
electrical phenomena. He found that if he

reversed the current the needle deflected
in the opposite direction. If the current
flow remained unchanged and the charged
wire was moved from above the needle to
below it, the direction of deflection also
reversed. In July, 1820, Oersted pub-
lished his book ‘“Experiments on the
Effect of the Electric Conflict on the Mag-

PROF. ANDRE MARIE AMPERE
First to Introduce the Magnet

netic Needle,” which recounted these and
many similar facts he had carefully
observed.

After carefully repeating Oersted’s
experiments and making many of his own,
Andre Marie Ampére, professor of
mathematics in the Ecole Polytechnique of
Paris, published his theory of these phe-
nomena. His famous-rule for the direc-
tion of movement of the needle in
Oersted's original experiment was: “Imag-
ine yourself swimming in the wire in the
direction of the current and facing the
needle, then the north pole will be de-
flected toward your left hand.” Carrying
his work further, Ampére made the impor-
tant discovery that currents in opposite
directions repel and currents in the same
direction attract each other. From this he
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developed. the theory which resulted in his
construction of a long spiral coil of wire
called a “‘solenoid’ which, when connected
to a battery, showed all the characteristics
of a magnet.

Sturgeon, in 1825, discovered that a
round iron bar placed within the solenoid
acquired a magnetic strength many hun-
dred times that of the solenoid alone; and
that when the current supply was cut off
the magnetism of the bar disappeared.
These cored solenoids were called “elec-
tro-magnets” by Sturgeon and are today
important parts of nearly all electrical
apparatus. In 1830 an electro-magnet
was constructed of 700 feet of wire and
weighing 60 pounds which could support
a ton weight when charged with electric
current from a few cells of battery.

Years before this, or as soon as it
became known that electricity transmitted
its effects through conductors practically
instantaneously, ‘experimenters had sug-
‘gested that such a method be used for com-
munication between distant points. Herein
lies the germ of the modern telegraph.
But there were two requisites necessary
before a system of telegraphy could be
made practical. One was the electro-mag-
net discovered by Sturgeon, as noted
above. The other was a source of current
which would give a constant supply. In
1836 Daniell invented a voltaic pile, or
battery, which differed from others in that
it was capable of yielding for long periods
of time an approximately steady current.
These two important inventions, there-
fore,.made the later invention of the tele-
graph a possibility.

The year 1837 is an important date in
the annals of telegraphy. A number of
claimants to the honor of inventing the
modern telegraph appear, among them
being Samuel F. B. Morse in the United
States, Steinheil in Munich, and Wheat-
stone and Cooke in England. Previous to
this time, Morse had devoted much
thought and attention to the elements of
his final invention for the honor of which
the scientific world at last awarded him
credit. He has told how the germs of the
invention took root in his consciousness on
board the packet ship “Sully” while en
route from Havre, France, to New York
City. The “Sully” sailed from Havre
October 1, 1832, and during the voyage

Morse made many sketches of his tele-
graphic apparatus. He uses these words:
“I also drew in my sketch-book modes of
interring the conductors in tubes in the
earth, and, soon after landing, planned
and drew out the method upon posts.”
Here we have what is probably the first
suggestion that electric conductors can be
carried in tubes underground, although
Morse did not use it in his pioneer tele-
graph work. Morse completed his first
telegraph instrument in 1835, three years
after the ““Sully” arrived in New York.
It was in 1837, however, that his instru-
ments and system were exhibited to the
public generally.

The Morse system of telegraphy con-
sisted in using an electro-magnet to the
armature of which was attached a stylus,
or pen, that recorded on a ribbon of paper,
drawn beneath it, a series of dots and
dashes corresponding to the lettérs of the
alphabet. Prof. J. D. Forbes, in the
“Encyclopaedia Brittanica,” commenting
on the systems of telegraphy contempo-
rary with Morse, refers to the latter’s
apparatus as being entirely original and
continues : “The telegraphs of Morse have
the inestimable advantage that they pre-
serve a permanent record of the dispatch
they convey.”

Since 1837 we find an almost continuous
record of progress in the development,
refinement and expansion of capacity of
the telegraph. . Duplex telegraphy, by
which two or more messages are sent
simultaneously over the same wire; con-
traplex, or the sending simultaneously of
two or more messages in opposite direc-
tions; Delaney’s system, by which as many
as 72 separate and distinct messages have
been successfully transmitted over the
same wire, either all in one direction or a
number in one direction and the remainder
in the opposite direction; the simultaneous
sending over one wire of two or more tele-
graph messages which at the same time
was transmitting two or more telephonic
conversations—these are only a few of the
wonders accomplished through Morse’s
invention.

The classic researches and investiga-
tions of Michael Faraday undoubtedly
made available for the world that wonder-
ful and remarkably efficient source of elec-
trical energy, the dynamo. Passing over
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the interesting labors of other experiment-
ers, it is sufficient for our present purpose
to state that the first electric dynamo was
invented by Faraday and was described in
a paper read before the Royal Society of
Great Britain in 1831. )
Faraday’s epoch marking invention,
which he modestly called “A New Elec-

MICHAEL FARADAY
Inventor of the First Electric Dynamo

trical Machine,” consisted of a copper disk
about 12 inches in diameter, so mounted
on an axis as to be capable of rotation
between the opposite poles of a strong
permanert magnet.  Two collecting
brushes, one resting on the axis and the
other on the circumference of the wheel,
were provided to collect and carry off the
current generated by means of the poten-
tial difference produced as the rotating
disk cut through the lines of magnetic
force of the permanent magnet. This was
the first time that electric current was pro-
duced from a permanent magnet.
Working along similar lines, numerous
inventors made dynamos of larger size
and more power. Among these may be
mentioned Dal Negro, Pixii, Ritchie,
Clarke, Saxton, Jacobi, Sturgeon, Wheat-
stone, Brett, Page, Holmes, Wilde and

the inventors of our own times. Fara-
day’s invention for transforming mechan-
ical effort into electrical energy with
marvelous efficiency was of far more im-
portance than even he realized and con-
stituted a step of progress of immeasura-
ble benefit to the world.

Now that electricity could be produced
reliably, cheaply and in quantity it was
possible to commercialize many applica-
tions hitherto confined to mere laboratory
experiments. The first of these was the
use of electric light for artificial illumina-
tion on a commercial basis. The arc light
was the earliest result of these conditions.
Some years previously Staite, one of the
ablest advocates of the commercial arc
light, had invented several types of arc
lamp; but his work at the time came to
nothing because he was dependent for his
current on the expensive voltaic batteries.

Bunsen, in 1840, devised a process of
making carbon rods for use in arc lamps.
He mixed with molasses ground carbon
obtained from the retorts of illuminating
gas plants, moulded the rods into shape
and then subjected them to great heat.
This identical process, with slight varia-
tions, is that used today in the manufac-
ture of arc lamp carbons. Deleuil and
Archerau, in 1844, made two arc lamps
which were installed in Paris. But again
the cost of current from batteries halted
progress.

By 1866, however, a sufficiently power-
ful and efficient dynamo of the Faraday
type was built to allow the installation of
arc lights in a few lighthouses in France
and England and even to light the yacht
of Prince Napoleon. From now on, as
the inherent problems of the arc lamp
itself developed, they were met and suc-
cessfully solved by inventors such as
Hefner von Alteneck, Charles F. Brush,
Elihu Thomson, Dr, Edwin J. Houston,

Sigmund Bergmann and others.

While the arc light gradually grew into
a commercial device, perfectly satisfactory
for the illumination of streets, large open
spaces and auditoriums, it was not suitable
for lighting residences or other small, con-
fined interiors.

The great problem now confronting
the electrical inventors of the world was
to produce something smaller, better and
more efficient than the arc light which
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could be used for interior illumination.
The solution of this problem, through his
wonderful invention of the modern incan-
descent lamp, by Thomas Alva Edison is
considered by many scientists and others
as the crowning achievement of his
remarkable life work. The divisibility of
the electric arc light was now an accom-
plished fact the effects of which on the
world’s progress and comfort were not
even dreamed of at the time.

In his laboratory at Menlo Park, N. J.,
on October 21, 1879, after strenuous and
nerve-racking days and months of intense
application, Edison produced an incandes-
cent lamp with a filament of carbonized
cotton sewing thread sealed in a glass
globe exhausted to a vacuum.of one thirty-
thousandth of an atmosphere, which
burned for forty hours.

As early as 1820 De la Rue had pro-
duced an electric lamp composed of a coil

of platinum enclosed in a glass tube from , 1 )
The~ ™ ~proved better than the thread. Arrange-

which the air could be exhausted.
coil glowed brightly for a very short time,
then broke down and had to be replaced.
In 1845 an American inventor, J. W.
Starr, was granted a patent in England on
a lamp consisting of a strip of carbon
placed in the high vacuum existing at the
top of a barometer tube. After an exhi-
bition of a fixture holding 26 of his lamps,
Starr died at the age of 25 on his return
voyage to the United States. ‘

Just as, up to Starr’s time, platinum had
been the favorite material for lamp ex-
perimenters, so from now on for the next
30 years carbon was mostly used in the
various efforts to produce a successful elec-
tric light. But the carbon rods used were
not stable, and all sorts of devices were
employed to replace within the globe of
the lamp carbons that had disintegrated.
None of these was commercially suc-
cessful.

By the year 1878 the arc light had
established itself, at least in the United
States, as a successful street illuminant,
and it was this fact which drew Edison’s
attention to the problem of subdividing it
for use indoors. He decided that a sys-
tem of interior illumination must be de-
veloped in which any one lamp could be
lighted or turned out independent of all
the others in the system. Arc lamps were
all connected ““in series,” the current from

the dynamo passing through them all suc-
cessively, so that. if anything happened to
one lamp and it ceased to give light, the
circuit was interrupted and all the lamps
went out. Therefore Edison started out
to invent a system in which the lamps were
to be connected ‘“‘in parallel”; that is, each
lamp was to be connected to the two wires
leading from the dynamo and there would
be as many paths for the current to flow
from the positive to the negative wire as
there were lamps connected in the circuit.
To make such a system practical, Edison
decided he would have to make a lamp
which would require much less current
than any that had even been suggested up
to that time.

With characteristic thoroughness, Edison
tried out platinum - filaments of various
kinds and then: experimented with carbon-
ized paper. Then cotton thread was tried
and« the - successful lamp was produced.
'Lhe paper filaments were tried again and

ments were now made to produce the
lamps on a commercial scale.

In a few houses and along the streets
of Menlo Park the first hundred lamps
were strung, and so great was the interest
created by this wonderful experiment in
the little, unknown village that over 3,000
people came out from New York on the
last night of 1879 to see for themselves
the new invention.

While the lamps were being turned out,
experiments were continued to discover a
better material for the filaments. In the
early part of 1880 Edison happened to
notice the little strip of bamboo used to
bind a palm leaf fan and, as bamboo had
not been tried for filaments, he decided to
test it. The result was successful, and dur-
ing the next nine or ten years all the Edi-
son incandescent lamps, which ran into the
millions, were fitted with bamboo fila-
ments. Over 6,000 filament materials,
including every known species of bamboo,
were tried. In 1889 there came from the
Edison laboratory an artificial filament
made by dissolving cotton in a suitable
liquid, the solution having a consistency
about that of molasses being then
“squirted” through a die into another
liquid which hardened it into the thread-
like form required. These squirted fila-
ments were used in all incandescent lamps
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up to the recent development of the tung-
sten filament, which is now practically uni-
versally used for incandescent lamps.

We must now retrace our steps to Eng-
land and Michael Faraday to learn the
beginnings of another vital piece of elec-
trical apparatus—the electric motor. In
1819 Oersted had recorded that “‘the elec-
tric conflict acts in a rotating manner.”
In 1820 a monthly journal commissioned

Faraday to write a history of electro-mag-
netism. Before doing any writing, he
decided to repeat all the experiments-made
by others so that he could write about them
with first hand knowledge. While thus
engaged, on September 3, 1821, he made
the discovery which resulted in the inven-
tion of the electric motor. i

With his brother-in-law, George Bar-
nard, Faraday was working in the labora-
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tory of the Royal Institution. They had
just set up on a table an apparatus con-
sisting of a vertical glass tube closed at
both ends by corks. In the lower end was
a small quantity of mercury through which
was thrust one pole of a bar magnet. From
the upper cork, inside the tube, was loosely
hung a stiff wire whose lower end touched
the mercury. Several voltaic cells were
connected to the circuit which ran through
the hook supporting the stiff wire, along
this wire to the mercury and back to the
battery. Immediately the lower end of
the wire began to move around the pole of
the magnet. Faraday ‘“danced about the
table with beaming face.”

There, before the delighted eyes of
Faraday and Barnard, was established the
fact that electrical energy can be translated
back into mechanical movement — the
germ of the electric motor of today. Of
course these enthusiastic scientists could
not even dream a tithe of the importance
of their discovery. They were satisfied to
know that they had developed something
new in electrical experimentation. They
kept on, however, and soon found that by
reversing the direction of the current flow
the direction of revolution of the wire was
reversed. Or if they reversed the pole of
the magnet and maintained the current
flow in the same direction, the revolution
of the wire was reversed.

In 1823 Barlow substituted a star
shaped wheel for the stiff wire in Fara-
day’s experiment and secured continuous
rotation. In 1838 Jacobi built a boat
which attained a speed of four miles per
hour when driven by an electric motor.
Professor Page, of the Smithsonian Insti-
tution, Washington, D. C., designed a
motor, or ‘‘electro-magnetic engine,” in
which iron plungers were alternately
sucked into solenoid magnets arranged on
opposite sides of a “working beam,” like
those on side wheel steamboats, the motion
being transmitted through a crank to a
fly wheel. This engine, placed on a car,
made a ten-mile trial run between Bladens-
burg and Washington on tracks in two
hours.

As was the case with the arc light, the
development of the electric motor was
slow because of the expensive source of
current necessarily involved in the use of
voltaic cells of battery. The British Insti-

tution of Civil Engineers, in 1857, having
discussed the possibility of producing a
horse-power with less than 45 pounds of
zinc, decided that until this was a fact the
only practicable source of power was coal
and the steam engine.

About 1870 engine-driven electric dyna-
mos reached a point of development which
assured a constant and cheap supply of
electric current. The electric motor
promptly began to develop when it was
found that the dynamo and the motor were
the same machine. In the case of the
dynamo, mechanical effort is applied to
produce electrical energy, while electrical
energy supplied to a motor produces
mechanical power. In the early motors
the principal defects were found in the
coils of wire which moved between the
poles of the magnets. Siemens, Gramme,
Edison, Eickemeyer and others improved
this moving part until we have the motor
with the modern armature.

The wonderful electric motors of today,
built in all sizes from that of a watch to
those big enough to operate a steel mill,
little resemble in appearance Faraday’s ex-
perimental apparatus which demonstrated
the principle of ‘‘electro-magnetic rota-
tions,” but they owe their existence to the
thoroughness of this pioneer investigator.

One of the very earliest pioneer investi-
gators in the electric railway field, which
was destined to be the largest com-
mercial user of the electric motor, was
Thomas Davenport, a blacksmith, of
Brandon, Vermont. He undoubtedly had
read or heard of Faraday's discoveries
and conceived the idea of applying the
electric motor as the power to move a
vehicle. It is probable that he began his
experiments about 1834, for we find that in
1835 Davenport had built a working
model of his electric car which ran on a
circular track of small diameter. This was
exhibited at Springfield, Mass., and at Bos-
ton. During six years of work Davenport
is credited with having designed over 100
forms of motor, some of which were used
to drive printing presses and other machin-
ery. He obtained a broad United States
patent on his invention, but, as he was
something like a half century ahead of his
time, his work was not appreciated at its
true value and nothing practical came of it.
The model of his electric railway was dis-
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covered years afterward and formed the
subject of an interesting article in the Elec-
trical Engineer. Davenport used the track
rails to supply current to the motor on the
car, the wheels on either side being insul-
ated from each other. The motor was
electrically connected by wires in contact
with the car wheels.

Electric cars operated by voltaic cells
carried on them were tried out by several
experimenters, but the cost of current was
prohibitive. A Scotchman named Robert
Davidson, in 1838, operated such a car
between Edinburgh and Glasgow at four
miles an hour. The car devised by Profes-
sor Page in 1851 also used primary bpat-
teries. In 1840 a patent was issued in
England which covered the use of the rails
as conductors and another English patent,
issued in 1855, described the overhead
trolley line practically as we know it today.
However, as the primary battery could not
compete with the new steam railroads, the
next twenty years contain no record of
progress in electric traction. The success-
ful development of the steam driven elec-

tric dynamo provided a cheap and flexible

source of energy and at once interest was
revived in the application of the electric
motor to transportation. George F.
Green, of Kalamazoo, Mich., in 1875,
made a model electric railway operated by
batteries; but, when he found that a
dynamo was necessary for the commercial
success of his idea and he was too poor to
build one, he abandoned his experiments.

At the Berlin Exposition of 1879 Sie-
mens & Halske operated an electric rail-
way about a quarter of a mile long. An
electric locomotive drew three cars with a
capacity of about 20 people. A Siemens
dynamo supplied current which was trans-
mitted through an insulated rail, laid
between the track rails, to a similar
dynamo mounted on the locomotive and
operated as a motor. This is the proto-
type of the third rail electric railway sys-
tems of today. In the United States the
development of electric traction into a
practical utility began about the same time
through the labors of Stephen D. Field,
Edison and Frank J. Sprague.

Although Edison was busily engaged
in perfecting the incandescent lamp and in
trying to increase the efficiency of his
dynamo, he found time early in 1880 to

build a little electric railway about a third
of a mile long at Menlo Park. On this he
demonstrated successfully that a dynamo
of 9o per cent efficiency could be built and
that it could be operated as a motor. A
locomotive drew three cars over a light,
unballasted track at speeds which ulti-
mately reached 40 miles an hour. Numer-
ous accidents occurred during these experi-
ments, and many amusing stories are told
of the terror of staid men of affairs who
were invited by Edison to tempt fate by a
ride on his electric railway. As in Daven-
port’s system, the rails were used as con-
ductors and were insulated by tar paper
laid between them and the ties. The loco-
motive carried an Edison 12 horsepower
generator mounted on its side operating
as a motor. Through belts and pulleys.
it was connected with the axle of the loco-
motive truck. Edison devised a resist-
ance coil to lessen the jar of starting when
the full force of the current was suddenly
turned into the motor. This was the fore-
runner of the controller used on all elec-
tric cars today. Just as commercial suc-
cess seemed to be in sight Edison was
thrown into interference in the Patent
Office with Stephen D. Field. This led
later to the formation of the Electric Rail-
way Company of America which acquired
the patents of both contestants.

At the Chicago Railway Exposition, in
1883, the Electric Railway Company of
America exhibited an electric locomotive
named “The Judge,” after Stephen D.
Field’s brother, Chief Justice Field. Dur-
ing the two and a half weeks of the expo-
sition this locomotive hauled about 25,000
passengers. Later at other expositions
“The Judge” was instrumental in spread-
ing the electric railway propaganda, but
the commercial results of the efforts of
Edison and Field were not what they had
good reason to expect.

The real beginnings of the electric rail-
way industry arc properly credited to the
pioneer work of Frank J. Sprague, who,
early in 1887, began the installation at
Richmond, Va., of a complete system.
This contract comprised ‘‘the building of
a generating station, erection of overhead
lines, and the equipment of 40 cars, each
with two 714 horsepower motors on plans
largely new and untried.” The overhead
trolley system under a pressure of 430
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volts, with the track rails forming the
return circuit, was used. In this work
Sprague developed, among other impor-
tant advances, the feeder system of sup-
plying current to the trolley wire and the
‘bond,” or form of copper cable, used to
connect electrically the track rails at their
joints in order to lower the resistance of
the return circuit. While Dr. Hopkinson,
in 1881, had established the groundwork
for a ‘system of ‘“‘series-parallel” control,
Sprague worked this out to practical suc-
cess and produced a controller swhich
enabled him to start his cars slowly and
then at increasing speed. Just as in the
modern trolley car, the motors on the
Richmond cars were carried on the trucks
and geared to the axles.

The necessity for transmitting elcctric
current to considerable distances from the
generating station and the limitations of
the direct current for this purpose, owing
to the losses in transmission or the pro-
hibitive expense of the large conductors
required, led to the development of the
alternating current generator and system
which is now used to send current to points
as far away from the source as 2350 miles.
William Stanley, Jr., at Great Barring-
ton, Mass., in 1885, was the pioneer in
this development. In brief, as distin-
guished from the steady pressure or volt-
age of the direct current system, the
pressure in the alternating current system
rapidly shifts from positive to negative in
wave forms or cycles. In practice, these
alternations are as rapid as 25 and 60 per
second. By gencrating alternating current
of very high voltage it was found possible
to transmit electrical energy to great dis-
tances. But the devices and apparatus
which were to be energized were not suited
for safe use with such high voltages. The
problem, therefore, was to devise 2 means
of reducing this voltage to a practicable
and safe point at the place of use. Using
a modified form of induction coil, Gaulard
and Gibbs, in England in 1883, made pio-
neer efforts to design such a device.

Stanley, however, was the first in the
United States to achieve success with what
he called a “converter,” which we now
know as a “transformer.” The principle
involved here is that if the high voltage
alternating current is passed through a coil
of wire a secondary current of much

lower voltage will be induced to flow
through another coil of wire in proximity
to it. 'The proportions of the size of wire
and number of turns in the coils controt
the pressure and quantity of the secondary
current. The first transformers built by
Stanley converted a primary pressure of
500 volts to a secondary pressure of 100
volts, and each had a capacity sufficient to
supply secondary current to 25 sixteen
candle-power incandescent lamps. Several
stores and the local hotel were equipped
with Stanley converters, and the skeptics
who predicted that the whole thing would
go up with a flash and a bang were sur-
prised to see it work quietly and success-
fully.

No sooner was the Morse system of
telegraphy proved to be a success and a
commercial development than electrical ex-
perimenters began to try to transmit by its
means other sounds than the click of the
telegraph instrument itself. Charles Bour-
ceul, a Frenchman, wrote in 1854: “Sup-
pose a man speaks near a movable disk
sufficiently flexible to lose none of the
vibrations of the voice, and that this device
alternately makes and breaks the current
from a battery; you may have at a distance
another disk which will simultaneously
execute the same vibrations.” In the light
of today this reads a great deal like a
description of the telephone as we know
it; but Bourceul seems to have been con-
tent to express his idea in words, and no
record exists of any attempt to try out such
a device. Johann Philip Reis, a poor Ger-
man school teacher, is the next telephone
pioneer. He developed a telephone which
would transmit, after a fashion, musical
sounds, but only an occasional word of an
attempted conversation. His transmitter
consisted of a piece of sausage skin, used
as a tightly stretched membrane, to the
center of which a bit of metal was at-
tached. A contact spring was arranged to
touch this metal very lightly. Reis’
receiver was based on a discovery of Pro-
fessor Page, of Salem, Mass., who found
that an audible click occurred in the core
of an electro-magnet when it was suddenly
magnetized and demagnetized.  The
receiver devised by Reis was mounted on
a sounding box and had a knitting needle
for a core. Having established a proper
electrical circuit between the Reis transmit-
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ter and receiver, it was found that when
a musical sound was made the membrane
vibrated and this vibration was transmit-
ted to the receiver where the knitting
needle core gave off a series of clicks at
the same rate. Its lack of ability to repro-
duce the ‘“‘quality’” of sounds made the
- Reis telephone a failure as a transmitter
of speech. o
In 1876, at the Centennial Exposition
at Philadelphia, was publicly shown a suc-
cessful telephone which would transmit
not only musical sounds but human speech.
It was the invention of Alexander Graham
Bell and marks the beginning of an epoch
in human progress. Dr. Bell, by educa-
tion and experience, was well prepared for
the role of telephone inventor. He had
spent years in the study of the laws and
physics of sound and the human voice in
connection with his work of teaching deaf
mutes to speak. He also had taken a great
interest in Morse’s telegraph and several
years previous to his invention of the tele-
"phone had developed a system of multi-
plex telegraphy. In his application for a
patent on this system he included a claim
covering an early form of telephone.
During the famous telephone patent liti-
gation this early telephone, while imper-
fect in many respects, actually did trans-
mit speech. The instrument shown at the
Centennial embraced many improvements,
and in a still later form the membrane,
which had the defect of absorbing mois-
ture from the air, was replaced by a thin
disk of iron or ‘“‘ferrotype plate.” 'The
distinctness of transmission also was
greatly improved by including a shallow
air chamber between the iron disk and the
hearing orifice. All these features are
included in the telephone as we know it.
While Sir Humphry Davy and other
experimenters had demonstrated that the
electric arc would melt most of the then
known elements, including platinum, and
while it also was known that the passage
of an electric current through a conductor
generated heat in the conductor, nothing
definite regarding the relation between
heat and electricity was established . until
1842, when an Englishman named Joule
carefully studied the subject and estab-
lished what we know as “Joule’s law.” He
first satisfied himself that, however small
the current flowing in any length of con-

ductor for even the shortest time, heat
always was produced. By measurements
made with instruments of his own devis-
ing, Joule finally proved that “the heat
generated in a wire is proportional to the
square of the amount of current flowing
multiplied by the resistance of the wire
and the time the current flows.” The suc-
cessful operation of all our modern elec-
tric heating devices, such as electric ranges
and irons, as well as the great industrial
processes dependent upon the electric fur-
nace, is based on the invariable working
of Joule's law.

Siebeck, of Berlin, discovered in 1821
that electric current could be produced by
the contact of dissimilar metals, whose
ends were soldered together to form cir-
cuits, provided their junctions were main-
tained at a certain difference of tempera-
ture. His experiment was made by sol-
dering together a bar of bismuth and a
bar of copper in the form of a hollow rec-
tangle. When heat was applied to one of
the junctions a current of electricity was
produced. When the other junction was
heated the current generated flowed in the
opposite direction. He called these
“thermo-electric”’ currents, the combina-
tion of the two metals a ‘“‘thermo-electric
couple” and the separate metals or sub-
stances or metals ‘“thermo-electric ele-
ments.” He found by experiment that a
large number of substances could be used
to form thermo-electric couples and ar-
ranged them in a series in the order of
their thermo-electric' powers.  Although
others, including a number of experiment-
ers in our times, have followed the trail
blazed by Siebeck no extensive commercial
developments of his device have borne
fruit. ,

Ohm’s law, “C equals E divided by R,”
is often called the basic law of electricity.
It was established in. 1827 by Dr. G. ».
Ohm, of Berlin, as the result of mathe-
matical computations verified by experi-
ment. It is as follows: “The current
strength in any circuit is equal ta_the elec-
tro-motive force divided by the resist-
ance.” That is, the quantity or number of
amperes in any electrical circuit is equal
to the pressure or number of volts driving
it through the circuit against the resistance
to the passage of the current offered by
the circuit. While this law is fundamental
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and universal it applies only to direct cur-
rents. Another law is necessary to express
similar relations for alternating currents.

Electrotyping and electroplating were
invented or developed in England by Dr.
Jacobi, in 1831; Messrs. Elkington and
Barrett, in 1838; and Wright at a some-
what later date. These inventions, more
properly and scientifically described as
electrolysis, while of great industrial
importance in themselves, led to the inven-
tion at a later date of that extremely val-
uable device, the electric storage battery.
The Frenchman, Planté, in 1859, made a
storage, or secondary, battery of lead
plates immersed in dilute sulphuric acid.
The action and reaction taking place 1n a
storage battery are thus described: “By
the passage of an electric current through
the acid, electrolytic decomposition takes
place and, by a process called ‘forming the
plates,” which consists substantially 1n
sending a current for a considerable length
of time in one direction and then passing
it through the cell in the opposite direc-
tion and repeating this change of direction
many times, the lead plates become
changed; one of them. becomes finally
coated with lead peroxide and the other
with finely divided metallic lead. If now,
when in this state, the charging current be
discontinued, the cell’ will act as an inde-
pendent source of electric current and will
produce a current which will low through
the cell in the opposite direction to that of
the current which was required to
charge it.”’

The chemical reactions which take place
in the charging and discharging of a stor-
age battery are of the most complicated
character and still constitute a subject of
discussion. At this point it is well to note
a remark of Dr. Edwin J. Houston, who
said: “A storage battery cannot any more
properly be said to store electricity than
a music box can be said to store sound
when mechanical power is applied to wind
its driving spring. What the storage bat-
tery actually stores is the energy of the
charging current. It acts as a device
whereby energy is stored up by effecting
chemical decomposition, such energy being
transformed from mechanical energy to
chemical potential energy. In discharging
the storage battery this chemical potential
energy becomes liberated and appears as

electric energy, just as it does in the vol-
taic cell.”

Faure, in 1880, greatly improved
Planté’s original battery. In subsequent
years Charles F. Brush and others in the
United States made numerous improve-
ments in details and processes of manufac-
ture. Among the latest of the notable
inventors who have turned their attention
to this important device is Thomas A.
Edison, who has developed and commer-
cialized a storage battery of lighter weight
which eliminates the lead plate. The mod-
ern storage battery, without which the
submarine boat could not operate, occu-
ples a most important place among elec-
trical inventions.

The electrical scientist has had con-
stantly before him the problem of “cold
light,” or a form of artificial illumination
which will resemble the light given off by
the fire-fly. Our electric lights contain
a large proportion of useless heat rays
which, by means of some discovery in the
future, may be turned into useful light"
rays. It may be that this will be brought
about through the invention of a process
for creating physical phosphorescence by
means of molecular bombardment through
the use of alternating clectrical currents of
unlimited high frequency and extraordi-
narily high voltage.

~ The careful study now being given to
the electric furnace by eminent engineers
and scientists, in the mechanical and chem-
ical fields as well as in the electrical, may
result in discoveries which will revolution-
ize certain industrial processes. There are
literally hundreds of drugs, dyes and
chemicals now being manufactured in what
seems to be a very wasteful manner which
may, in the near future, be produced
quickly and very cheaply through the use
of an improved electric furnace.

The physician and diagnostician will
probably find an increasing use for elec-
tricity in the future. It is not unreason-
able to hope that systems of careful elec-
trical measurements, made perhaps with
instruments now unknown, will provide
more accurate knowledge of the human
body and its vital organs both in health
and in a state of disease. It may be, too,
that systems of electrical treatment will
be devised by which the germ of recog-
nized disease may be killed before they
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have an opportunity to harm the human
body.

We have come to regard the telephone
as an instrument closely approximating
perfection. Is it possible, then, that we
may some day find attached to the tele-
phone a device which will enable us to see
the person with whom we are conversing?

SUMMING UP AT THE PRESENT TIME

In this day, when electric service in its
broadest sense touches the daily life di-
rectly or indirectly of every inhabitant of
the United States, it seems idle to specu-
late on what would happen if the arma-
ture of every generator in use suddenly
stopped. The imagination, projected into
the contemplation of such a state of af-
fairs, readily would see a cessation of every
activity to which we are accustomed ex-
cept, for a time, the operation of steam
railways. Over one hundred million peo-
ple would be unable to use the telepnone,
the telegraph, the wireless, the ocean
cables, the trolley cars. The majority of
our factories could not run after the day-
light hours until illuminating gas was in-
stalled, and then the demand for gas would
be such that it would require years to pro-
vide it in sufficient quantities. Our resi-
dences. would be illuminated by candles as
long as there were any to be had. Briefly,
our business and social life actually would
come to a standstill with all the perils and
calamities incident to dark streets and the
inability to communicate with each other
quickly.

Although imaginings of this kind may
seem fantastic, yet their setting down
serves to emphasize the great boons which
electric service has conferred on us, the
importance of the generic functions which
it performs and our almost universal de-
pendence upon it for the proper conduct
of our daily social and business life. We
have come to accept all these boons as a
matter of course and to assume without
question that “the experiments of yester-
day are the necessities of today.” It is
quite probable that the great majority of
young men who will reach the voting age
this year have never seen a horse car.

Having thus reminded ourselves of the
importance of all that electricity does for
us, what is to be said of the pioneer in-

ventors, financiers and manufacturers
whose carly faith, unflagging courage and
dogged persistence made it possible? The
majority of them have, as their only re-
ward, the consciousness of a vital public
service performed. Many, of course, have
achieved worldy success as measured in
dollars and cents and not a few have
reached the highest pinnacles of scientific
attainment.

But let us not forget the men of vision
and faith, such as those who financed the
early telephone experiments of Bell, the
man who advanced $40,000 to Edison to
build an improved ‘‘stock ticker” or the
manufacturers behind Sims who made it
possible for him to design and build a
high-speed engine suitable to drive dyna-
mos for incandescent lighting. The names
even of most of these adventurous pio-
neers of faith plus money have been for-
gotten, but without their aid at the time
that most of our epoch-making inventions
were conceived, it readily may be imagined
that the discouraged inventor or experi-
menter might have been driven by the very
necessities of existence to abandon his ef-
forts and turn his hand to something suf-
ficiently practical to enable him to live.
Many a time did Edison have to stop his
experiments for lack of funds, ask for a
job as telegraph operator and save his
salary until he had enough to get the ap-
paratus he needed. The trials and tribu-
lations of Elias Howe, inventor of the
sewing machine, were no more severe than
those endured by Acheson while perfecting
his electric process for making carbo-
rundum.

Hundreds of other experimenters were
obliged to follow along the same thorny
paths until they arrived at a point where
their devices had been developed into
something demonstrable to the man with
the necessary money. Therefore let us do
all honor to those, known and unknown,
who backed their faith with their cash and
enabled the inventors to give us all that
we have today of progress, civilization and
comfort.

In considering the wonders performed
by the electrical industry the most striking
feature is the rapidity of its development.
Every commercial use of the electric cur-
rent, except the telegraph, has been con-
ceived, perfected and given to our service
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Juring the past forty years. At the Cen-
ennial Exposition in Philadelphia, 1876,
he telephone and the arc light were pub-
icly shown to the people at large for the
irst time. Both, as commercial enter-
yrises or practical utilities, were in the em-
ryonic stage. Many skeptics asserted
hat neither would ever amount to any-
hing except, perhaps, as toys. The incan-
lescent lamp was as yet unborn. The
rolley car was still Holmes’ fantastic
‘broomstick train.”

In 1877 the total investment in com-
nercial electrical enterprises in the United
tates was about $50,000,000, and all this
vas in telegraphs and ocean cables. In
ontrast, consider that the investment
oday in electric lighting, power and trac-
jon companies alone is represented by se-
urities estimated at close to $7,000,000,-
00. Add to this the increased capital used
1 the telegraph companies, that employed
1 the telephone industry, in electrical
1anufacturing, in isolated plants and for
iscellaneous purposes and we arrive at

stupendous total which reliable esti-
1ates place at near $23,000,000,000.

Perhaps a more easily understood pic-
ire of the vastness and importance of the
lectrical industry may be gained if we
ok at figures which show us what the
eople of the United States have paid out
1 1917 for electric service of various
inds: For telegraphy of all sorts, $175,-
00,000; telephony, $425,000,000; cen-
ral stations for all services performed,
500,000,000; electric railways, $775,-
€0,000; isolated plants, $150,000,000"
lectrical manufactures, $600,000,000; a
rtal of $2,625,000,000. Thus, these fig-
res indicate an average expenditure for
lectric service during 1917 of about $23
er capita for every inhabitant of the
/nited States.

If measured in terms of convenience,
onomy, comfort, safety and energy con-
rved in transportation, manufacturing,
cial intercourse and the domestic opera-
ons of housekeeping it is possible to fig-
re a return on this average expenditure
f $25 per capita many fold that obtained
| the purchase of any other commodity
hatever.

The contribution of electricity to the
1se and comfort of living is made with
) little effort and at such a minimum cost

that it is at the command of almost every
one. The universality of electric service
is such that it has come to be taken as a
matter of course. No modern landlord
would think of erecting a dwelling without
equipping it for electric service, primarily
because he knows the values of that serv-
ice, and in the second place he is well
aware of the added renting value to him
of electrically wired apartments and
dwellings. Therefore, the modern land-
lord very sensibly regards electric wiring
as an investment—not an expense.

At the time of the Centennial Exposi-
tion, 1876, the United States was in a re-
ceptive mood for the acceptance of inno-
vations and inventions that seemed to spell
progress. In the light of the present there
can be no doubt of the vast good accom-
plished by this exposition in educating our
people to expect and accept improvements
and advances along any line that affected
their work or their home lives.

The vast and complicated problems of
the reconstruction period following the

.Civil War practically had been adjusted,

the financial status of the country had been
re-established, the surviving soldiers on
both sides had been gradually re-absorbed
into the civil body politic and the time
seemed ripe for the advent of the inventor
and experimenter, even though they la-
bored in new and unknown fields. The
people were more ready than ever before
to heed and appraise innovations that
promised progress.

The advance of invention during the
nineteenth century, although practically
halted during the Civil War, already had
given to our people many devices of great
and permanent value. The sewing ma-
chine had established itself as a household
necessity, largely through the efforts ot a
country-wide house to house canvass by in-
gratiating salesmen. The farmer had been
shown the value of the horse-drawn
reaper, and the threshing machine was be-
coming known. In the large cities gas had
established itself as a means of illumina-
tion. Steam power was being employed to
drive looms, printing presses and other
machinery. The bicycle was taking the
country by storm, and the embryonic auto-
mobile was here and there being tried out
by death defying inventors. Processes
for vulcanizing rubber and galvanizing
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iron had been developed. Photography
had made wonderful advances, and the
prototype of the kodak had appeared in
the so-called “‘detective camera.” In the
field of chemistry great progress had been
made. New elements had been discov-
ered, gases had been liquified and solidi-
fied and the range of useful heat and cold
had been indefinitely extended. The miner
had been provided with the safety lamp,
the caisson was in every-day use by the
bridge builder and anti-friction metal had
been generally adopted for the bearing
parts of machinery. Steam navigation
was advancing with rapid strides and
steam railways were growing at the rate
of more than a thousand miles a year.
The gigantic expansion of the iron and
steel industry, begun some years before by
the change from wood to coal in the smelt-
ing furnaces, was assured by the almost
constant discovery of new ore bodies and
the ever increasing demand for the fin-
ished product.

And what of electrical developmcnt at
this interesting period of our national
growth? It w1ll italicize our appreciation
of the marvels of clectrical progress which
had its beginnings at this time if we again
remind ourselves that the telephone, the
electric light, the trolley car, the electric
railway, the storage battery, the electric
motor, the phonograph, the wireless tele-
graph, the electric iron, the fan motor, the
vacuum cleaner and many other household
electrical devices did not exist in practical
form. Most of the difficulties of the tele-
graph had been solved, and we were daily
using ocean cables. But for these excep-
tions, the modern marvels of electricity
were as a sealed book.

Loocking back down the decade, it would
seem as if the world had never known and
probably never ‘will know again such an
opportunity for valuable discovery in a
virgin field of effort. But we must remem-
ber that for many years prior to the com-
mercial awakening which now had its gen-
esis, a noble band of scientists and experi-
menters had been delving away in the

realm of electricity and pure physics wit
the result that many of their discoverie
have since been proved to be fundament

principles. That band of pioneers fro

Gilbert to Franklin and Faraday had d

veloped an endless wealth of phenomeni
which nowawaited the processof inventiol
which alone could render them useful t¢
mankind. So that, in speaking of the elec
trical progress which had its beginning;
fifty years ago, it were better, no doubt
to refer to “utilization” or “‘application’
rather than broadly to “discovery.”

The tools with which the inventor now
set to work were, from our present view
point, crude indeed. To be sure, hi
source of electric current was now the dy
namo instead of the leyden jar, and hi
had recording instruments of a sort witl
which to check his results and gauge hi
advances. It was now possible cheaply t
convert mechanical energy into electricit
in unlimited quantities. In Phlladelphl.
a manufacturer of covered wire for bon
net frames adapted his process to coverin;
wire for the transmission of the electri
current so that the experimenter coul
now avail himself of a means to utiliz
electrical energy at a point distant fror
its source. Crude forms of rubber an
glass afforded insulators.

And here again begins our wonderfu
cycle of electrical invention and develog
ment along commercial lines. To judg
the effect of a single invention is at an
time a most difficult task; and the prot
lem becomes vastly complicated when i
ventions of the highest order crowd upo
each other in rapid and bewildering su
cession. Suffice it to say that, in the i
ventive genius displayed, electrical prog
ress during the past fifty years has nc
been excelled at any time in the world
history by that of any other advances i
the arts and sciences. No class of inver
tors has given more of real value to suc
a large proportion of the world’s inhab
tants as have those who have labored i
the electrical field.



CHAPTER® 1

PHEVSTORT=GIF FHE VS EEGRAPH

ORIGIN AND GrowrTH OF THE Ipeas WHIicH LATER LINKED
THE WORLD witH SUBMARINE CABLES AND WIRELESS TELEGRAHY

Morse system of electric telegraphy

was introduced, and fourteen years
ter, when Europe and America were
ined by telegraph cable, great civic
onors were accorded the scientific pio-
cers who perfected these systems of long
stance instantaneous communication.

In the great speeches delivered by the
entlemen  present at these memorable
lebrations the main thread of thought—
imost a prayer—running through the re-
iarks of all speakers was that the tele-
raph would prove to be a harbinger of
niversal peace, friendship and civiliza-
on.

That the hopes of those who were here
» welcome the advent of the telegraph
ave not in full been realized, surely
10ould not be charged to some unsuspected
uality or property of the new art; but
ither should we understand that a wide
1ugh span has not not as yet intervened
etween the date of discovery and our own
mes for the art to work out its true
estiny.

As the investigator gropes back through
e attenuated records of the past in
carch of the birth of the idea of the tele-
raph he is peplexed by the many attempts
reviously made to lay finger upon the
enesis, the origin, of the telegraphic idea.

The inspired author of the Book of Job
xclaims, 1n an interrogatory framed to
uggest the impossible, “Canst thou send
ghtnings that they may go, and say unto
“hee, here we are?”

[N the year 1844, at the time the
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Surely the scientists of our own times
have given the answer, and we are now
able to “send lightnings” where we will
and when we will.

Were it sensible to attribute to specu-
lative fancy the beginning of any achieve-
ment or accomplishment which should ulti-
mately have practical value, then we may
say that John Baptista Porta, an Italian
prodigy (1575) has claims which entitle
him to recognition in telegraph history. In
one of his published works Porta says:
“To a friend, that is at a far distance from
us, fast shut up-in prison, we may relate
our minds; which I do not doubt may be
done by two mariner’s compasses having
the alphabet writ upon them.”

Von Guericke, of Magdeburg (1655)
observed the transference of electricity
through a conductor (a linen thread an ell
or more long), antedating by twenty years
the work along similar lines of Boyle,
Newton, and Hauksbee, in England.

In 1726 Wood, in England, discovered
that electricity may be transmitted through
long metallic conductors, and twenty years
later Dr. Watson, in England, actually
transmitted electric impulses over a circuit
two miles in length.

In the year 1753, Charles Marshall, of
Scotland, sent to The Scot’'s Magazine a
communication which contained the earli-
est recorded reference to an electric tele-
graph, and as the telegraph was the fore-
runner of all electrical act1v1t1es, historians
of electrical development in all civilized
countries have in hundreds of instances
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made reference to the article which ap-
peared in the February, 1753, issue of this
magazine.

The article states, in part: “It is well
known to all who are conversant in electri-
cal experiments that the electric power
may be propagated along a small wire,
from one place to another, without being
sensibly abated by the length of its prog-
ress; let, then, a set of wires equal in num-
ber to the letters of the alphabet be ex-
tended horizontally between two given
places parallel to each other and each of
them about an inch distant from that next
to it. At every twenty yards’ end let them
be fixed in glass or jewelers’ cement to
some firm body, both to prevent them from
touching the earth or any other non-elec-
tric, and from breaking from their own
gravity.” The writer then goes on to ex-
plain his proposed method of operating
the telegraph, whereby bits of paper bear-
ing the letters of the alphabet are placed
an eighth of an inch below suspended
metallic balls at the receiving end and are
attracted thereto as each wire is electri-
cally charged from the distant station.
Thus by observing the letters affected the
receiving operator may form the words
of the message transmitted.

After the publication of the “C. M.”
article nearly a quarter of a century
elapsed before the first method of electric
telegraphy was tried out; namely, that of
George Louis Le Sage of Geneva. Moigno
writing in 1852, Sabine in 1867, and Tay-
lor in 1879, all state that I.e Sage actually
established his telegraph system at Geneva
in the year 1774.

I.e Sage’s method of telegraphing was
almost identical with that suggested by “C.
M.” in The Scot’'s Magazine, previously
mentioned.

Then followed the telegraph experi-
ments of Lomond, in France (1787),
Claude Chappe, in France (1793), M.
Reusser, in Switzerland (1794), Caballo,
in England (1795), Salva, in Spain
(1798), Soemmering, in Bavaria (1807),
Schweigger, in Germany (1815), and
Francis Ronalds, in England (1816).

In chronological order the next note-
worthy attempt made to devise a system of
telegraphy was that of Harrison Gray
Dyar, of New York, in the year 1828. An
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account of Dyar’s experiments is interes
ing; first, because his ill-fated inventic
was the first telegraph tried in Americ
and, second, because his system was tl
last of the long line of impracticable tel
graphs which were dependent upon fri
tional electric machines as sources of cu
rent.

About the time Dyar was making h
telegraph, Sturgeon, in England, ar
Joseph Henry, in America, were expe:
menting with electro-magnets—those ob
dient and tractable little helpmates whi
were destined to provide us with a re
telegraph system and to revolutionize m
chanical motion. Also, a year previous
(1827), Ohm’s Law had been announce

Dyar’s telegraph was of the electr
chemical order, being operated by spar]
produced by a friction machine, the sparl
being spaced and regulated by a pendulun
There is no evidence to show that a recei
ing device was actually constructed, a
though Dyar proposed using a litmu
paper receiver as soon as the experimen
made a transcribing device necessary. Tt
experiments were conducted on Lor
Island over a great length of wire strur
around a race course, and were satisfa
tory to the extent that he showed th:
sparks made at one end of the circuit coul
be observed at the other end of the wir
Presumably a metallic circuit was used, :
no mention is made of the use of a groun
return. In erecting the poles and wir
Dyar was aided by a Mr. Brown, of Prov
dence, R. 1., the legal side of the unde
taking being in the hands of a Mr. Connel
of New York. As soon, however, as tl
experiments were well under way, Conne
brought suit against Dyar for twenty tho
sand dollars, and, although the case w:
dismissed, John F. White, Dyar’s pate:
attorney, notified him that Connell had s
cured a writ against Dyar charging coi
spiracy against the government for a
tempting to carry on secret communicatio
between cities. Dyar forthwith aba
doned his experiments and left the state ]
order to escape prosecution.

The important discoveries in electre
magnetism made by Oersted, in Denmar
(1820), Faraday, in England (1823]
Sturgeon, in England (1824), and Henr
in America (1827), speedily brought to th
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front entirely new ideas and agencies from
which a practical system of telegraphy
might be constructed. It is true, of course,
that the operation of lines over consider-
able distances was not efficiently practicable
until economical and reliable primary bat-
teries were brought out. The primary
cells introduced by John Frederick Daniell,
in England (1836) and by William
Grove, in England (1837) supplied the
missing link and from that time onward
practical telegraph systems were rapidly

introduced and extended to meet social,
governmental, and commercial require-
ments in all civilized countries.

In devising telegraphs the earliest use
made of the principles of electro-magne-
tism was in connection With what is known

“the needle system.” Baron Schilling,
in Russ1a (1832) exhibited a method of
signaling employing thirty-six deflecting
needles. Gauss and Weber, in Germany,
erected a metallic circuit about two miles
long (1833), the received signals being in-



32 THE STORY OF ELLECTRICITY

dicated by freely suspended needles. The
practical development of this system was
taken up by Steinheil, who, in 1837, had
several miles of lines in operation in Bava-
ria. Steinheil devised a receiving arrange-
ment employing bells of different pitch to
indicate the letters of the alphabet. Stein-
heil’s chief claim to fame rests upon his
discovery made in the year 1837 that the
earth could be used as the return portion
on an electrical circuit.

li

The Port-rule, Morse’s First Telegraph Sending
Device

In England, in the year 1837, Edward
Davy exhibited a telegraph system em-
ploying deflecting needles to indicate the
received signals, and in the same year
Cooke and Wheatstone, in England, pro-
cured an English patent (June 12) for a
needle telegraph system employing six
wires and five deflecting needles. (The
American patent was granted June 10,
1840.)

We now arrive at the point where we
may truthfully transfer the scene of tele-
graphic activity and
Europe to America.

During the past forty years various de-
sultory attempts have been made purport-

invention from

ing to establish the view that Joseph
Henry, and not S. F. B. Morse, invented
the system of electric telegraphy univer-
sally known as the Morse Telegraph
System.

Henry's exemplary life and his pro-
found writings vividly remind one of the
life and work of his great English con-
temporary, Michael Faraday. Scientific
history unreservedly accords to Henry the
honor of being the first to devise electro-
magnets of a useful type; but there is
plenty of evidence to show that in thebegin-
ning he did not think much about or con-
cern himself with the development of elec-
tric telegraphy.

The thing Henry did which has misled
some of his biographers was to suspend
around the walls of the upper rooms in the
Albany Academy a circuit consisting of a
mile of copper wire in which was con-
nected a primary battery and an electro-
magnet. A permanently magnetized steel
rod was mounted on a pivot (like a com-
pass needle) and situated in such position
relatively to the electro-magnet that one
extremity of the rod could play between
the polar extremities of the magnet. Near
the other end of the steel rod the gong of
a small office bell was placed. When the
current from the primary battery was sent
through the circuit in one direction the rod
was attracted into contact with one pole of
the magnet, resulting in the opposite end
of the rod striking the bell, thus giving a
signal.  When the current was reversed
through the circuit the rod was attracted
to the other pole of the electro-magnet,
again causing the gong to be tapped.
These demonstrations were made in the
year 1832.

Morse’s first idea of the telegraph came
to him in the year 1832—he was then
forty-one years of age—while he was on
board the packet-ship Sully, sailing from
Havre, France, to New York. A fellow
passenger—Dr. Charles T. Jackson—one
day at the dinner table discoursed upon the
advances which had recently been made in
the science of electricity, explaining the
method of increasing the power of a mag-
net by passing electric current through con-
volutions of insulated wire wound upon a
soft iron bar. The speaker stated that
electricity was known to travel through
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rreat lengths of conducting wire, practi-
ally instantaneously; whereupon Morse,
vho was present, propounded the ques-
ion: “If the presence of electricity can be
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coveries and agencies already at hand.

Nothing short of inspiration could have
given Morse his original broad conception
of the ultimate utility of a system of in-
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made visible in any part of the circuit, I
see no reason why intelligence may not be
ransmitted instantaneously by electricity.”
Morse was a portrait painter, not a sci-
entist, and from his question, above
juoted, it may be understood that his first
vision of the possibilities of electricity dis-
slosed to his practical mind the growing
1eed for a system of transmitting intelli-
yence now become possible because of dis-

stantaneous communication, and the way he
overcame subsequent trials and discourage-
ments while gathering up the elements of
a workable system proved that he had un-
limited faith, not only in ultimate technical
success, but also in the meed certain to be
awarded the first in the field with a prac-
tical system of electric telegraphy.

There were in the world at that time a
number of eminent savants much better
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equipped than Morse was to solve the
problem: In France, Peltier, Arago, De
La Rive, and Ampere; in England, Fara-
day, Sturgeon, Cooke, Wheatstone, and
Ronalds; in Russia, Jacobi, and Schilling;
in Germany, Ruhmkorff, Lenz, Steinheil,
Ohm, and Soemmering; in America,
Joseph Henry, Page, Silliman, Day, and
Frisbie.

In scientific history these men all are
famous as the foremost scientists of their
times, and most of them were in the hey-
day of manhood at the time the artist
Morse by patient but persevering labor
gave to the world the crowning electrical
achievement of the century.

The fact that the five years intervening
between October, 1832 (the date of the
Morse-Jackson conversation on board the
Sully) and November, 1837, were con-
sumed by Morse in studying the require-
ments, and in constructing the first crude ap-
paratus, but calls attention to the fact that
there was an extended opportunityafforded
others who may have been better informed
electrically, or who may have had the
means necessary to carry on experiments.
That others did not, during this period,
overtake and pass Morse in the march to-

ward the goal of success points to the con-.

clusion that Morse, and Morse only, had
a true understanding of the entire problem.

When Morse arrived in New York
from Europe, November 15, 1832, he at
once set to work experimenting along lines
suggested in numerous sketches and dia-
grams which he had recorded in his note-
book while on ship-board, but owing to
lack of funds and to inadequate shop facili-
ties it was not until 1835 that he was able
to assemble a working -model embodying
his ideas. By September 2, 1837, he had
succeeded in building two sets of instru-
ments, one for each end of a circuit, and
on that date gave a public demonstration
of his invention in the great hall of New
York City University, where he was em-
ployed as a professor.

It was on this occasion that Morse had
the good fortune to meet Mr. Alfred Vail,
son of Judge Stephen Vail, proprietor of
the Speedwell Iron Works at Morristown,
New Jersey. Alfred Vail was then thirty
years of age and had recently graduated
from the University of the City of New

York. Upon witnessing Morse’s tele-
graph demonstrations in 1837, Vail be-
came intensely interested, and learning
that Morse was greatly in need of capital,
and mechanical assistance, undertook to
induce his father to furnish financial back-
ing for Morse’s enterprise, and himself
agreed to take up the work of constructing
improved apparatus at Speedwell.

Morse’s caveat was filed in the patent
office at Washington, October 6, 1837, and
his application for letters patent was filed
April 7, 1838.

On November 28, 1837, Morse advised
the Secretary of the Treasury at Washing-
ton—with whom he had previous cor-
respondence regarding the telegraph—that
he had succeeded in operating a telegraph
circuit ten miles in length.

From the year 1837 until 1842 Morse’s
time was taken up procuring patent pro-
tection in European countries, giving exhi-
bitions of his system in the large cities in
this country, and in perfecting details of
the mechanism of the telegraph. Also,
during these years a continuous effort was
made to induce the American government
to make an appropriation to defray the
costs of establishing an experimental line
of telegraph between two of the eastern
cities. In December, 1842, Morse was
persuaded to make one more application
to Congress, and, on March 3, 1843, a bill
appropriating thirty thousand dollars to
aid the enterprise passed through the
House by a very close margin.

Plans were immediately made to con-
struct a line between Washington and
Baltimore, the conductors to be laid under-
ground between these points.

Ezra Cornell, later the founder of Cor-
nell University, was engaged to take
charge of the conduit work, leaving New
York for Baltimore on October 17, 1843.
The conductors consisted of four insul-
ated No. 16 copper wires inclosed in a
lead pipe which was laid in a trench be-
tween the double tracks of the Baltimore
and Ohio Railroad extending between
Washington and Baltimore.

Early in the year 1844 it was discovered
that the conductors in the pipe were badly
mixed, after about ten miles of the under-
ground system had been constructed. The
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underground scheme was then abandoned
and the wires strung on poles.

On May 24, 1844, the famous “‘first
message,” “What Hath God Wrought?”
was sent over the line from Washington.

The Washington-Baltimore line was re-
garded, for a time, as government prop-
erty, and on May 15, 1845, a charter was
granted for the first private commercial
telegraph line in America—The Magnetic
Telegraph Company.

In the meantime in Europe needle tele-
graph systems, dial telegraph systems,
and electro-chemical telegraph systems
had been established; but as, later on,
most of these methods of telegraph-
ing were displaced by the Morse sys-
tem, or modifications of the same, the
Story of the Telegraph may reasonably be
confined to the development of invention
and progress in America.

The success of Morse’s first line created
wide interest in the telegraph, and the con-
struction of lines in many directions was
soon begun. In 1846 a line was opened
for service between New York and Bos-
ton, another between Philadelphia and
Pittsburgh, and still another between Buf-
falo, New York, and Toronto, Canada; in
1847, a line between Troy, New York, and
Montreal, Canada; in 1848, a line between
Portland, Maine, and Calais, Maine, and
many other lines. 4 '

In 1849 the House Printing Telegraph
Company was organized, and constructed
lines between New York and Boston and
between New York and Philadelphia. A
year later ‘House” lines were built be-
tween New York and Buffalo and between
Buffalo and Cincinnati, the character of
pole line construction showing great im-
provement over that of lines previously
constructed. The ‘“House” system was
operated in opposition to the Morse lines.

In the year 18350 still another opposi-
tion company, known as the Merchants’
Line, entered the field, erecting lines be-
tween New York and Boston and between
New York and Washington. The system
was based upon the electro-chemical tele-
graph inventions of Alexander Bain, of
Scotland. Bain had applied for an Ameri-
can patent in the year 1849. After about
three years of operation the Bain lines
consolidated with the Morse lines, the

combination taking the name “Union
Lines.”

In the year 1851 there were over fifty
separate telegraph companies doing busi-
ness in the United States, many of them
operating under Morse’s patents, others
using then existing printing telegraph
systems.

On April 2, 1851, Henry S. Potter was
elected president of the New York and
Mississippt  Valley Printing Telegraph
Comparny, the immediate predecessor of
the Western Union Telegraph Company,
of which latter company Mr. Potter was
the first president.

Special Silver Telegraph Key used by Professor
Morse

It may well be imagined that with fifty
or more telegraph companies in the field,
many of them operating in exclusive terri-
tory, the cost- of telegraphing, together
with the delay in transferring messages
from one company to its connections, cre-
ated a situation which had to be corrected
if the new art was to have a fair oppor-
tunity to be efliciently useful.

Although it was not until 1866 that the
headquarters of the Western Union Com-
pany was moved from Rochester, New
York, to New York City, a movement was
set in motion in 1851 with the object of
bringing about consolidation of the vari-
ous adjoining telegraph lines. Also, in
1851 the application of the telegraph to
railroad requirements was begun. In that
year the first telegraphic train-order was
sent, on the Erie Railroad. Within two
years thereafter the Erie Railroad had 497
miles of telegraph line in operation, with
fifty-two telegraph stations, and employed
sixty-five telegraphers.

The rapid extension of the telegraph
which followed to meet railroad and com-
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mercial requirements attracted to the work
many bright minds, and during the years
intervening between 1851 and 1858 many
improvements were made in telegraph ap-
paratus. In 1851 the first automatic
repeater was invented, by C. S. Buckley.
In 1852 Moses G. Farmer experimented
with double telegraph transmission over a
single wire. In 1855 George F. Milliken,
of Boston, introduced the first spring-jack
switch-board, and in the same year George
M. Phelps and David E. Hughes per-
fected new printing telegraph systems.
In 1857 Farmer and Woodman introduced
an improvement in automatic telegraph
repeaters.

In the year 1857 the first attempt was
made to lay a submarine telegraph cable
between Europe and America, and al-
though the first efforts failed of success, the
experience gained proved of inestimable
value in a later enterprise.

The first submarine cable laid was that
between Dover, England, and Calais,
France, in the year 1851. Two years later
a six-conductor cable was laid between
England and Ireland. In the year 1856
American and British naval officers made
extensive soundings in the Atlantic Ocean
between Europe and America for the pur-
pose of charting possible routes for cables
to- be laid between Europe and North
America.

During the year 1856 a cable was laid
between Newfoundland and Nova Scotia,
a distance of eighty-five miles.

In the month of August, 1857, the first
attempt was made to lay a cable across the
Atlantic.  The venture failed, owing
chiefly to the employment of imperfectly
designed cable-laying machinery. Three
hundred and thirty miles of the cable was
lost in the sea.

In the summer of 1858 another attempt
was made to forge the link between
Europe and America. The expedition met
with several mishaps, but on August 5 of
that year the completed cable was ready
for test between Trinity Bay, Newfound-
land, and Valentia, Ireland, a distance of
1,960 miles on the surface of the ocean,
the actual length of the cable being 2,267
miles. The extra 307 miles of cable was
taken up in following the hills and dales of
the sea bottom.

After three weeks of fairly satisfactory
operation, chiefly of an experimental na-
ture, this cable failed.

In the year 1865 Cyrus W. Field, of
New York, employing the famous British
ship Great Eastern, made a brave but un-
successful attempt to establish the much
desired telegraphic connection across the
Atlantic. 'When 1,186 miles of cable had
been passed overboard the strand broke,
and its recovery was, for the time being,
abandoned.

CYRUS W. FIELD
The Creator of the First Atlantic Cable

In 1866 Mr. Field reorganized the en-
terprise under the name of The Anglo-
American Telegraph Company, and once
more to the Great Eastern the task was
assigned to complete the job. The route
taken in crossing the Atlantic was about
twenty-seven miles north of the line along
which the 1865 cable was laid. The cable
extended between Foilhommerun Bay, Ire-
land, and Heart’s Content, Newfound-
land. The Great Eastern made the trip in
fourteen days, sailing 1,909 miles and lay-
ing 2,113 miles of cable. This was the
first satisfactory cable laid across the At-
lantic, and in cable circles July 27, 1866,
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is known as the date upon which submarine
telegraphy became an accomplished fact.

The second Atlantic cable was made up
of the abandoned section of the 1865 cable
spliced to a new section. The work was
done by the Great Eastern in September,
1866.

At the start both of these cables were
worked at a speed of six words per min-
ute, but improvements made in terminal

cent invention are carrying 135 words per
minute.

Going back for a moment to where we
left off in the development of land line
telegraph systems—the year 1858—the
next important period was that of the civil
war in the United States.

On March 15, 1861, overland telegraph
communication was for the first time es-
tablished between cities on the Atlantic
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apparatus, together with increased skill on
the part of the operating staff, shortly re-
sulted in a speed of seventeen words per
minute.

In later years the employment of Lord
Kelvin’s siphon recorder as a receiving in-
strument, with other improvements, ran
the speed of cable operation up to forty
words per minute. Today a speed of
forty-five words per minute simultaneously
in each direction over a cable is the ordi-
nary gait, while certain cables which are
equipped with electrical amplifiers of re-

coast and California, and many other lines
north, south, east and west were opened
to traffic.

The Northwestern Telegraph Company
erected a line consisting of a Number 8
iron wire between Milwaukee, Wiscon-
sin, and St. Paul, Minnesota, in the year
1862. At the various points where the
wire crossed the Mississippi river watch-
men were stationed to lower the wire into
the river in order to prevent steamboats
from breaking the strand as they passed
up or down the river.
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It was in the year 1863 that the original
Morse patents expired. A year later sev-
eral of the existing independent telegraph
concerns combined under the name of the
United States Telegraph Company.

In 1865 two new telegraph companies
entered the field, namely, the Franklin
Telegraph Company and the Atlantic and
Pacific Telegraph Company.

In the year 1866 the United States Tele-
graph Company, together with other inde-
pendent lines, consolidated with the West-
ern Union Company, and in that year the
general offices of the Western Union Com-
pany were transferred from Rochester to

New York City.

During the period of the civil war the
telegraph was used for the first time in
this country in military operations. For
the first time in history the value of the
telegraph to armies in the field was dem-
onstrated during this conflict. Comparing
Sherman’s operations in 1864 with Na-
poleon’s plans of 1812 to invade Russia,
the great benefits of a ready means of in-
stantaneous communication between points
remotely separated were evidenced, and it
is to the point to observe that owing to
antiquated methods of communication it
required nearly six months for Napoleon
to concentrate a force of 500,000 men to
enter Russia via Poland. Lack of an ade-
quate means of communication in advance
and to the rear was a handicap which
spelled ultimate disaster for the French
armies. :

After 84 days’ march and a costly bat-
tle, Napoleon entered Moscow, only to
find that the country had been laid waste
and the city of Moscow burned down. In
the face of an approaching winter Napo-
leon retreated, and, chiefly owing to lack
of communications, lost 450,000 men be-
fore reaching a base of supplies.

In the year 1864, with thoroughly or-
ganized telegraphic communications, Gen-
eral Sherman began his march into
Georgia with 100,000 men; within three
months he entered Atlanta. Reaching that
point, Sherman was able to communicate
with the commanding general 1,500 miles
away and to plan his march to the sea,
where, instead of meeting desolation, he
tound available plentiful stores and sup-

plies provided for his coming—all through
the medium of the telegraph.

During the period of the civil war the
financial resources of the country had been
so taken up with the prosecution of mili-
tary undertakings that only a limited
amount of new line was constructed. Also,
some of the existing trunk lines had not
been maintained witn a view to coming in-
crease in traffic; and as it developed that
during the period of reconstruction the
telegraph was used extensively for social
and commercial correspondence a situation
was presented wherein additional wires
would have to be strung over all main
routes, or that American genius would
forthwith have to invent systems making
possible the transmission of more than one
message over an individual wire simul-
taneously.

And, as always, American genius met
the issue fairly and in a satisfactory
degree.

Once more harking back a few years we
find that in 1852 Moses G. Farmer, that
earnest pioneer philosopher, had con-
ducted experiments with a view to setting
up apparatus capable of doubling the
capacity of a single wire. Although
Farmer did not attain complete success, he
went far enough to start others working
along the same lines.

Experiments with a similar end in view
were conducted by Gintl, in Austria, and
by Siemens and Halske, in Germany, in
the year 1853; also by Stark, in Austria,
and Bernstein, in Germany, in 1855.

It was not, however, until the year 1868
that a practical method of duplex teleg-
raphy was invented. In that year Mr.
Joseph B. Stearns, of Boston, brought out
a workable system, which was first placed
in service on the lines of the Franklin
Telegraph Company between New York
and Boston, and a year-or two later on the
lines of the Western Union Company.

The practical application of this inven-
tion at once doubled the capacity of all
single wires so operated.

It has been stated that ‘‘coming events
cast their shadows before,” and as a mo-
mentous event closely related to the needs
of the telegraph in the year 1869 it is
apropos here to record that it was in that
year that Thomas A. Edison—then a
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youth of twenty-two years — arrived in
New York City.

In 1872 Mr. Edison invented a chemical
automatic high-speed system which made
possible the transmission of a greatly in-
creased number of words over a wire in a
given time, and a year later Edison and
Prescott successfully operated a quadru-
plex system of telegraphy over a circuit
from New York to Boston. This system
provided for simultaneous transmission of

two messages in each direction over a -

single wire. American genius had not been
found wanting.

The duplex and quadruplex systems
have not only been of great value in in-
creasing the capacity of lines for Morse
operation, but have been successfully ap-
plied in further increasing the line capacity
in connection with high-speed automatic
telegraphy. The duplex principle forms a
part of modern printing telegraph sys-
tems, permitting that lines operated as
printer circuits may carry one message in
each direction at a time simultaneously.

In the year 1876 the first underground
pneumatic tubes were laid between the
main office of the Western Union Com-
pany, in New York, and the telegraph
office in the Wall Street district, and in
1877 two underground cables 2,200 feet
long, with 30 conductors each, were laid
in New York City for telegraph purposes.
In 1879 Stephen D. Field first employed
dynamos for the generation of electricity
for telegraph purposes in place of gravity
cells, then extensively used for this pur-
pose.

Although the telephone arrived in the
year 1876, it was not until twenty years
later that telephone service had developed
to an extent which made it a competitor of
the telegraph to be reckoned with. The
rapid increase of telegraph traffic during
these years resulted in the telegraph being
regarded as a fertile field for investment.
Once more there was an epidemic of new
telegraph companies, almost as wide-
spread as that prevailing in the early
fifties.

In 1879 an opposition company entered
the field under the name of The Baltimore
and Ohio Telegraph Company. In 1884
David Homer Bates, at that time assistant
general manager of the Western Union

Company, became President of the B. & O.
Company. In 1887 this company had a
total of 50,978 miles of wire in operation,
extending from Maine to Texas by way of
New York, Washington, Chicago, and St.
Louis. In October, 1887, the B. & O.
Company consolidated with the Western
Union Company.

In 1879 The American Rapid Tele-
graph Company was organized with a
capital of three million dollars. In 1883
the company had in operation about
15,000 miles of wires; on the trunk lines
using the newly invented Foote and Ran-
dall high-speed chemical automatic system.
The automatic system of operation was
early abandoned in favor of Morse instru-
ments, and in the year 1884 the American
Rapid Company was absorbed by the
Western Union.

In 1883 The Mutual Union Telegraph
Company was organized with the very
modest capital of six hundred thousand
dollars. A year later the company’s plant
was leased to the Western Union for a
term of ninety-nine years.

Still another telegraph company was
launched in the year 1881, known as the
Bankers’ and Merchants’ Line, with a
capital of one million dollars. In Septem-
ber, 1884, this company was declared
bankrupt and in 1885 the property was
taken over by The United Lines Tele-
graph Company, a newly organized con-
cern. The United Lines Company, in
turn, within a short time was taken over by
the Postal Telegraph-Cable Company
(first organized in the year 1881 and re-
organized in 1883), which company has
remained in the field up to the present time
in opposition to the Western Union Tele-
graph Company.

Dropping for a moment the story of
land line telegraphs it may be well to re-
vert to the account of the extension of sub-
marine cables which followed the laying of
the first successful trans-atlantic cable in
the year 1866, previously referred to.

Telegraphic connection between Europe
and America was not long left dependent
upon the two strands which joined the two
continents in the year 1866. Additional
cables were laid in the years 1873, 1874,
1880 and 1894, the main sections extend-
ing between Ireland and Newfoundland.
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The 1874 cable was the last cable-laying
enterprise in which the famous ship Great
Eastern was employed.

In 1869 and in 1879 cables were laid be-
tween the coasts of France and America.

The Commercial Cable Company laid
two cables across the Atlantic in 1884, one

LANSOA

In 1866 a cable was laid between Punta
Rassa, Florida, and Havana, Cuba, and in
1880 a cable between Galveston, Texas,
and Vera Cruz, Mexico. Connection was
made with South America in the year
1882 by means of a cable laid between
New York, and Colon, Panama, thence

Showing Present (1918) Submarine Telegraph Cables and Routes between America and Europe

in 1894, one in 1905, and one in the year
1901.

Two submarine cables were laid be-
tween Germany and the United States, one
in 1900 and the other in 1904.

At the present time (1917) there are
seventeen cables in operation between
Furope and North America.

It was not until the year 1903 that the
Pacific Ocean was spanned by a submarine
cable. In that year an all-British cable
was laid from a port in the province of
British Columbia, Canada, to Australia.
Also, in the year 1903, the Commercial
Cable Company laid an all-American cable
between San Francisco and the Philippine
Islands. In 1906 this cable was extended
to Japan and China.

across the Isthmus and along the west
coast of South America. Since that time
duplicate cables have been laid along all
main routes.

At this writing, 1918, there are 290,-
000 miles of submarine cable in use, hav-
ing been laid at a cost of $300,000,000,
and in the waters of the globe forty-six
cable steamers are employed in the task of
repairing and maintaining these submarine
lines.

As a reminder that sending four tele-
grams over one wire simultaneously, or
hooking up two typewriters by a wire five
hundred miles long, was not to be the ulti-
mate of telegraphic achievement, in the
year 1896 news despatches came over the
cable from London announcing that an
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Italian youth named Marconi had arrived
in England with apparatus of his inven-
tion which made possible the sending of
telegrams over short distances without the
need of intervening wires.

In the years immediately following
1896 speculation was rife the world over
as to whether or not connecting wires and
submarine cables were doomed. Although
wireless telegraphy has made great strides
since 1896, it is apparent that it has devel-
oped a’field of its own—a field of great
and ever expanding usefulness; but, on the
other hand, it is a fact that additional land
wires are still being erected and additional
submarine cables laid.

Wireless telegraphy may truthfully be
said to have had its beginning when Clerk
Maxwell, the great English physicist,
about the year 1864, announced his mathe-
matical deductions relating to the electro-
magnetic theory of light.

In the year 1888 Heinrich Hertz, in
Germany, reaped the harvest by experi-
mentally proving Maxwell’s theories and
announcing a method of producing con-
trollable electro-magnetic vibrations.

In 1891 Branly, in France, discovered
a practical method of detecting Hertz’
waves at any point in space, and in the
year 1894 Oliver Lodge, in England, con-
structed and exhibited various forms of the
Branly detector in action.

In Italy, in the year 1895, Marconi ex-
perimented with the devices of Hertz and
Branly and constructed apparatus capable
of telegraphing over short distances with-
out the use of connecting wires.

In 1896 Marconi, through the coopera-
tion of Mr. W. H. Preece, chief electrical
engineer of the British Post-Office Tele-
graphs, transmitted signals over a distance
of one and three-fourths miles on Salisbury
Plain.

In March, 1897, a distance of four
miles on Salisbury Plain was covered, and
on May thirteenth of that year communi-
cation was established between Lavernock
Point and Brean Down, a distance of
eight miles.

In America (1890-1897) many students
of science were in touch with the discover-
ies being made in Europe, and it was dur-
ing the latter year that the utilitarian
American mind first sensed the commercial

possibilities of the newly discovered
method of transmitting telegraphic signals.

In September, 1899, during the Interna-
tional Yacht Races off New York harbor,
the steamer Ponce was equipped with
radio apparatus by Marconi for the pur-
pose of transmitting reports of the prog-
ress of the race. T'wo receiving stations
were equipped; one on the Commercial
Cable Company’s cable ship Mackay Ben-
nett, stationed near Sandy Hook, and con-
nected with a land line station on shore by
means of an ordinary submarine cable;
the other at Navesink Highlands. This
demonstration, although not highly suc-
cessful, brought the subject to the fore in
this country.

In the year 1900 the first Marconi sta-
tion at Cape Cod, Mass., was built, and a
year later the station at Siasconset was
completed. The intention was to communi-
cate with ships at sea, later to be equipped
with radio apparatus.

The crowning radio event of the year
1901 was the reception by Mr. Marconi,
at St. Johns, Newfoundland, of the letter
“S,” transmitted as a test signal from his
English station; this was on December 21,
1901.

Beginning in the year 1902, many im-
provements in radio apparatus were made
by American inventors; notably Dr. Lee
De Forest, Prof. R. A. Fessenden, Nikola
Tesla, John Stone Stone, and W. W.
Massie. «

When first introduced commercially in
this country radio telegraphy was ex-
ploited by a number of separate operating
and manufacturing companies, and during
the first seven or eight years the practices
of stock jobbing and of organizing fake
companies retarded the development of
the new system.

However, as was the experience with
land line telegraphy, all of these compa-
nies which had tangible assets ultimately
consolidated with the Marconi Company,
the major concern, and by the year 1912
the business had become a commercial real-
ity. High power coastal stations have been
erected, which now are capable of span-
ning the Atlantic and the Pacific oceans.

The fact that the World-German war,
begun in the summer of the year 1914, ne-
cessitated the taking over by the Entente
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naval authorities of all high-power sta-
tions for the purposes of the war tempo-
rarily interrupted extensive use of radio
for commercial purposes, but is looked
upon only as a setback by the operating
company.

It is predicted that after the termination
of the great war radio telegraphy will
come into its own, and that a world service
will be established which will vigorously
compete with existing. submarine cable
lines. From the present viewpoint there
is little probability that radio will in the
near future prove a serious competitor of
land line telegraph systems. The cable
companies, too, regard the extension of
radio operation rather as an aid or auxili-
ary than as an opposition service.

In the year 1913 Mr. Edward J. Nally,
who had been Vice-President and General
Manager of the Postal Telegraph-Cable
Company, became General Manager of the
American Marconi Company, and from
that time onward the management and
operation of the radio system passed into
the hands of thoroughly trained telegraph
executives.

In conclusion, we shall take up the story
of land line telegraphy where we left off
with it in the year 1883, at the time the re-
organized Postal Telegraph-Cable Com-
pany entered the field in earnest, under the
aggressive management of the late John
W. Mackay.

One of the most common remarks made
in uninformed circles in reference to the
state of the art of telegraphy at the present
time is that the telegraph stands today
where Morse and his immediate successors
left it fifty years ago. Nothing could be
further from the truth than this. In fact,
it may safely be said that nothing remains
of Morse’s original work except the send-
ing key and the symbol code, or alphabet.
Even the key has during the past fifteen
years been used only to a limited extent.

Numerous technical improvements have
been made in the design and arrangement
of apparatus, and the fact that today
eighty telegrams per hour are handled over
a single outlet where fifteen years ago half
that number in the same time was regarded
as good performance, and that during the
same period the time of transmission of a
telegram between cities remotely separated

has been reduced at least one-half, cannot
but be admitted as convincing evidence
that vast improvement has taken place.

It should be remembered that toll tele-
phone service was opened for public use
between New York and Boston in the year
1887 and between New York and Chicago
in 1892; -also in other directions and be-
tween many other cities prior to and sub-
sequent to the year 1887; but notwith-
standing that the telephone has carried an
ever increasing volume of long distance
traffic, telegraph message traffic has con-
tinuously increased to an extent which
today taxes to the utmost the carrying
capacity of the vast network of lines join-
ing together every village, town, and city
of importance in the country.

After the disappearance of the “House,”
“Hughes” and “Phelps” printing telegraph
systems in the early days of telegraphy,
ordinary Morse operation, with a few
scattered Wheatstone circuits, held the
field during a period of thirty years.

In the year 1907 the Barclay-Bucking-
ham printing telegraph system was intro-
duced on the lines of the Western Union
Telegraph Company and for a number of
years thereafter was quite extensively em-
ployed.

In the same year the Postal Telegraph
Company experimented with the printing
telegraph inventions of Prof. H. A. Row-"
land. The Rowland was a beautiful and
ingenious system capable of transmitting
eight telegrams simultaneously over a
single wire, the received message being re-
produced in typewritten characters in page
form. At the expiration of a year or two
the system was discontinued by the Postal
Company because it was decided that it did
not ideally meet existing traffic conditions.

Then followed the printer invented by
John E. Wright, an old associate of Mr.
Edison. The Wright printer permitted
the transmission of one message in each di-
rection over a single wire simultaneously.
Mechanical difficulties and frequent cir-
cuit failures resulted in the printer being
returned to the shops for further develop-
ment about the year 1911. It has not since
reappeared in commercial service.

In 1910 Messrs. Krum and Morton in-
troduced a comparatively simple duplex
printer system, known as the Morkum,
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and which at the present time is quite ex-
tensively employed on both commercial
and railroad telegraph lines.

In the year 1909 the American Tele-
graph and Telephone Company purchased
a controlling interest in the Western
Union Telegraph Company, with the ob-

Murray, of London, England, while the
Postal Company terminated all contracts
for leased wires to brokerage concerns,
thus releasing all of their wires for mes-
sage traffic taken in over the counter.

In the year 1871 the number of tele-
grams handled daily in the main office of

Lo

Automatic Tape Transmitting Instruments in the Penzance, England, Atlantic Cable Office

ject of effecting economies which it was
thought would ensue from the comple-
mentary operation of the lines owned by
each company.

The combination lasted until January,
1914, when it was dissolved on account of
government objection to the continued
joint operation of what were considered
competing wire systems.

The introduction of ‘“‘night-letter’” and
“day-letter” service in the year 1911, al-
though quite an innovation in this country,
very soon yielded an increase in wire traf-
fic which seriously taxed the existing facili-
ties of both the Postal and Western Union
Companies.

The Western Union Company met the
situation by developing to a high degree of
eficiency a multiplex printing telegraph
system based on the patents of Mr. Donald

the Western Union Company at New
York was 3,500. In 1875 this had grown
to 35,000 telegrams per day. In the year
1917 approximately 200,000 telegrams
daily are handled through this office, and
it requires the space of three entire floors
of the big telegraph building at 24
Walker Street to house the apparatus and
staff necessary to handle this great volume
of traffic. Seating space is provided for
1,025 telegraphers.

All of the regular “message” wires ex-
tending between New York and Chicago
are operated by the printer system, as also
are most of the principal direct circuits
connecting New York with other large
cities north, east, south and west.

The Postal Telegraph-Cable Company
also is doing an enormous business
throughout the United States. Direct
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wires are maintained between New York
and all cities of importance in this country
and in Canada. The company’s own cable
system supplies rapid fire connections with
Europe via the Atlantic, and with China
and Japan via the Pacific ocean.

At the present time—twenty-five years
after toll telephone service was inaugur-

BN CRRIEHTY;

the registration of the national resources
was called for by the President, of the
thousands of professions which men prac-
tice one of the very few considered in the
registration was: ‘‘Are you a telegraph
operator?”

Verllv, as one writer has said: ‘“The
wire is serving. Seventy years ago a por-
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Interior View of a Corner in the Atlantic Cable Office at Penzance, England

ated between New York City and Chicago
—we find that there are about fifty thou-
sand commercial telegraph employees in
tne United States. This is exclusive of
railroad telegraph employees to an almost
equal number.

There are approximately 250,000 miles
of telegraph pole line and 2,000,000
miles of telegraph wire, besides 320,000
miles of wire owned and operated by rail-
road companies in the United States.

As an illuminating commentary upon
the importance to the nation of the tele-
graph and the telegrapher, it may be
pointed out that a few months ago when

trait painter sat at a clumsy desk in Wash-
ington and jiggled a metal tab with nerv-
ous finger. In Baltimore an armature
clicked, and one understanding its untried
speech translated the click into ‘What
hath God wrought!" That day was born
the wire—born a creature of service; born
to obliterate space and make the earth a
back-yard for over-fence chattings be-
tween the peoples.”

In the large American cities each tele-
graph company has one main operating
room and from ten to two hundred branch
offices scattered throughout the city.
Former practice was to have all wires ex-
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tending from the main to branch offices
connected to an individual set of Morse
instruments at the main office. With this
system unless an operator was maintained
at each instrument at the main office calls
were likely to go unheeded, resulting in
serious delay to telegrams. About the

year 190§ a system was introduced by J.

resembling somewhat a modern telephone
switchboard.  Incoming telegraph calls
are indicated by miniature red lamps light-
ing up, and remaining so until the call is
answered. On the shelf level of this board
is mounted a bank of miniature white
lamps, each one being connected by wire
to an operator’s position somewhere in the

A Modern Monitor Switchboard in Metropolitan Telegraph Offices

T. Needham providing that all metropol-
itan short wires be connected through
annunciator units, a large number of which
could be mounted in front of and accessi-
ble to a monitor operator. The monitor
observing the visual signal displayed when
a branch office called, could in turn con-
nect to the branch line, by means of a
switching cord, any operator who at the
moment was idle.

Later on (about 1912) improvements
were made in this system. The photo-
graph herewith reproduced shows this
equipment as now used. The metropoli-
tan telegraph lines, mostly under ground,
are brought into a monitor switchboard

main operating room. When an operator
is idle the white lamp at the monitor board
indicates this condition. The general re-
sult, therefore, is that at a given time all
illuminated white lamps indicate idle op-
erators and all illuminated red lights un-
answered calls. The monitor operators
job is to connect idle operators with in-
coming calls.

This system equalizes the load, reduces
delays, and constitutes one of the most
noticeable differences between the tele-
graph of today and the telegraph of
twenty years ago.

DoxaLp McNi1coL.
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FIRE ALARM TELEGRAPH AND
ELECTRIC POLICE PATROL
SYSTEMS

The suggestion of the possibility of the
use of the telegraph for fire alarm pur-
poses came soon after the inauguration of
the electro-magnetic telegraph by Morse,
but the suggestion was not put to practical
application for several years.

Dr. W. F. Channing, of Boston, is cred-
ited with having first suggested the idea in
1839, when the telegraph itself was still a
crude and imperfect means of communica-
tion. Dr. Channing had no device or ap-
paratus at that time, but in 1845, in a com-
munication to the Boston Advertiser, he
made a much more definite suggestion. He
advised that “a central office should be es-
tablished in some public building, in which
the necessary battery, together with a
Morse register and an alarm bell, should
be located; a double wire to proceed thence
over the housetops successively to every
engine house and fire bell in the city and
return again to complete its circuit to the
place from which it started.” Under this
plan a Morse register in connection with
an alarm bell was to be placed in each sta-
tion thus established, also a key, by the sim-
ple depression of which an appropriate
signal would be instantly conveyed to every
station on the circuit.

Dr. Channing in this article also sug-
gested the modification of having five or six
circuits, or even a circuit from every station
to the central office. By this method the
operator would be able to communicate di-
rectly to all the stations, and, if so desired,
every alarm of fire might be made to pass
through the central office before being
communicated to the different stations.
Many other modifications of his design
were suggested by Dr. Channing, one of
which clearly indicates the electro-mechani-
cal bell striker as follows:

“There is, however, one which de-
serves to be specially mentioned. By

a slight change of the arrangement of

the alarm bell stations and increase

of machinery, the hammers of the
bells could all be disposed so as to
strike mechanically on the communica-
tion of a galvanic impulse from the
central office. The agent (operator)
would therefore be enabled, by de-

pressing a single key with his finger at

certain intervals to ring out an alarm

defining the position of the fire simul-
tanegusly on every church bell of the
city.

After stating his ideas of the use of the
telegraph for fire-alarm purposes, Dr.
Channing urges the municipal authorities
of Boston to give his project consideration,
and says that as Boston had been much be-
hind other cities in fire-alarm efficiency it
would, by the adoption of this system, be
placed in advance of them.

But nothing was done in the shape of
electrical fire-alarm in Boston until the
winter of 1847-1848. L. L. Sadler, super-
intendent of the Boston and New York
telegraph line in a discussion with F. O. J.
Smith about the feasibility of using teleg-
raphy for fire alarm purposes, said that an
operator in his employ at Framingham,
Mass., named Moses G. Farmer, who was
the most ingenious man he had ever seen,
could without doubt work out a system that
would operate effectively. Young Farmer,
having the problem placed before him,
took about a week to produce an appar-
atus, based upon electro-magnets and the
striking mechanism of an old church clock.
This was the first machine ever devised
and constructed for giving a fire alarm by
electric action, and was the starting point
of all the subsequent work in that direction.
But no early result came from it, though
Mayor Quincy of Boston indorsed the ap-
paratus. -

Dr. W. F. Channing was still fully pos-
sessed with the fire-alarm idea, and in 1851
he succeeded in getting favorable action by
the Boston City Council, which voted ten
thousand dollars for experimentation in a
fire alarm telegraph system. His plan,
which was adopted with some modifica.
tions, provided for numerous box stations,
connected by telegraph circuits with the cen.
tral office, from which all alarm signals re.
ceived from the boxes were to be sent out
over other circuits to the bell towers, so
that the box signals would be simultaneous.
ly struck, electrically, by every fire alarm ir
the city. The system as modified was
adopted for thirty-nine signal stations and
was carried out, making Boston the pioneer
in the regular adoption of an electric fire:
alarm system. Professor Farmer, who had
invented the first fire-alarm electrical de-
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vice, became superintendent of the Boston
fire-alarm system, serving from 1851 to
1855, and was connected with the depart-
ment in an advisory capacity until 1859.
He and Dr. Channing became associated
in the perfecting of the system, and by these
two, singly and together, most of the basic
patents of the present fire-alarm system
were taken out.

Though the Boston system was the first
to take permanent root and satisfactory
form, it was not the first to use the tele-
graph as a signal of the existence of fires.
The first municipal action taken by any city
in connection with the use of telegraphy by
a fire department was taken by the common
council of the City of New York in Novem-
ber, 1846, when it authorized the adoption
of the Morse magnetic telegraph into the
fire service. At a meeting of the engineers
and firemen, held a month later, some plans
recommended by the chief engineer were
approved, and a committee of five was ap-
pointed to secure their official adoption. In
1847 a permit was granted to Hugh Down-
ing and Royal E. House, a prominent tele-
graphinventor, to set up a line of telegraph
for fire purposes in various sections of the
city, at a cost of five hundred dollars. In
1851 the connection of the bell towers with
fire headquarters by telegraph was com-
pleted with beneficial results, but the official
record shows that it aroused such public
curiosity that the entire telegraph appar-
atus was often put out of service by the
tampering fingers of innocent (but igno-
rant) visitors. So that nothing permanent
resulted, and New York continued the old
method with watchmen and bell towers
until 1869, four years after the paid fire
department had been organized, when the
city took up modern electrical fire alarm
methods. Outside of the official pioneer
efforts, Charles Robertson (who intro-
duced the Morse telegraph system into
Germany), had utilized it in New York
City in 1850 to aid the fire department in
signalling the existence of fires.

The fundamental patent covering the in-
vention of the fire-alarm telegraph, as ex-
emplified by the Boston system, was
granted to Dr. W. F. Channing and Moses
G. Farmer May 19, 1857, and another
patent was issued to them March 8, 1859,
for a repeater.

To Farmer alone were issued May 4,

1852, patents for an improved signal box
in which the magnets were shunted by the
closing of the outside box door, a practice
that became a permanent feature of fire
alarm telegraph mechanism, and on Feb-
ruary 22, 1859, he received a patent for an
automatic system in which the central office
is dispensed with, and the signal boxes and
alarm bells are all placed in one circuit;
and where, consequently, when an alarm of
fire is given, all the bells will strike instant-
ly and simultaneously, without the aid of
an operator. This was called the “village
system,” because especially adapted to
small places where the expense of a central
office would be prohibitory. Two other
patents were issued to Farmer in 1859—
one for an “electric-magnetic apparatus for
setting water motors in motion,” which was
applied, for a short time, to operate some
of the bell-striking machines of the Boston
system in place of weights. The other
patent was for “mechanism for operating
signal whistles by electro-magnetism.”

In 1856 Charles T. Chester received a
patent for “an automatic electric circuit
breaker.” It included a brake, moved au-
tomatically by means of clockwork act-
uated by a spring. This is notable as the
first automatic signal box, and though this
identical apparatus never came into public
use, it was the forerunner of other devices
that were of much value in fire alarm tele-
graph development.

The late John N. Gamewell, of South
Carolina, came into the fire alarm telegraph
situation in 1855 through hearing Dr. W.
F. Channing deliver a lecture on the subject
at the Smithsonian Institution in Washing-
ton. Mr. Gamewell was very much im-
pressed by this exposition of the idea and
workings of the system, and he at once en-
tered into negotiations with Messrs. Chan-
ning and Farmer, and secured the right to
use their inventions and patents in the
Southern States. In 1859 he purchased the
rights for the rest of the country. From
his first connection with the fire alarm sys-
tem he devoted his commanding business
ability to the advancement and extended
use of the fire alarm telegraph system. The
original Boston system, installed in 1852,
comprised only 19 tower bell strikers and
26 signal stations, and during the year 1854
—two years after the system had been in-
troduced—the number of fire alarms in
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Boston was only 195. The Boston system,
with some improvements, was taken up in
Philadelphia in 1855, and St. Louis closed
a contract in 1856, though the plant there
was not in use until early in 1858. The
cities of New Orleans and Baltimore
adopted the system in 1860, but further de-
velopment was seriously arrested by the
outbreak of the Civil War. After the close
of the war Mr. Gamewell organized the
Gamewell Fire Alarm Telegraph Com-
pany, and devoted much vigor to the exten-
sion of the system.

When Mr. Gamewell purchased the
Channing-Farmer patents he enlisted the
co-operation of men of noteworthy in-
ventive genius and great mechanical skill.
Three of these were Edwin Rogers, James
M. Gardiner and Moses G. Crane, who, by
their inventions, made marked impress
upon the progress of the fire alarm tele-
graph.

Edwin Rogers was the inventor who de-
vised the new features of the first fire alarm
system equipped with automatic signal
boxes, which was introduced into the city
of Mobile in 1866. It differed from Far-
mer’s village system, which placed all the
apparatus in one circuit, by providing four
circuits, which was a novel feature, and for
which Mr. Rogers invented a new appar-
atus which automatically transferred a sig-
nal from any one circuit to every other
circuit, and would mechanically close every
other circuit should any one circuit remain
open. Mr. Rogers received a patent for
the first automatic repeater for fire alarm
purposes in 1870.

At Boston the original crank-operated
signal boxes of 1852 remained until 1866,
when they were replaced by automatic
boxes. Joseph B. Stearns, who succeeded
Farmer as superintendent of the Boston
fire-alarm telegraph, received a patent for
an apparatus operated by ‘‘reverse cur-
rents,” which permitted the simultaneous
use of the same wire for receiving a signal
from a box and transmitting it to the alarm
bells. For the proper working of this sys-
tem it was necessary that the person turning
in the alarm should, as the directions read,
“pull the hook down once and let go.”

- Where this was done the proper box num-
ber appeared at the central station indi-
cator. But quite often the numbers turned
in were unintelligible or erroneous, and

this was long a mystery to the management.
But it was finally discovered that the per-
son signalling would frequently ignore the
letter of the directions and would give one
or more extra pulls by way of emphasis,
and thus cause the trouble. Two patents
to remedy this condition were issued: one
to Stephen and Charles T'. Chester, and
the other to Edwin Rogers and Moses T.
Crane.

Other interferences came from simultan-
eous alarms from several boxes on the
same circuit. The first patent for a non-
interference box was issued to Mr. Game-
well in 1871, and an improvement greatly
enhancing its efficiency was patented by J.
M. Gardiner in 1880. All of the devices
were improved from time to time as work-
ing defects called for remedies.

In the early installations the Grove cell
was used to furnish the electric energy, but
it was succeeded by the much more satisfac-
tory Daniell cell, which was used until the
Callaud or gravity cell was introduced in
1871, and soon supplanted all previously
used types of cells.

Since then the storage battery has taken
the place of the gravity cells, and in the
larger plants the dynamo has been applied
to the purpose. The first to be thus
equipped was Boston, about 1892, first for
a single circuit, but soon after for the entire
plant.

Even in its earliest applications the fire
alarm telegraph possessed such manifest
advantages over the old tower and watch-
man system that it would seem natural that
its adoption should follow rapidly upon its
first experimental demonstrations. But
even after the Civil War conservatism and
the devious ways of municipal politics re-
tarded its adoption. The strongest opposi-
tion came from the volunteer fire depart-
ments which, in the larger cities, were made
up of groups of local organizations that
were in fact political clubs, each headed or
controlled by a local boss. As the fire
alarm telegraph, to reach a high degree of
usefulness, needed behind it a paid fire de-
partment, strongly organized and co-ordi-
nated upon a basis of complete efficiency,
machine politicians saw in its adoption a
blow at the volunteer companies which
were such a strong factor in party strength.
Therefore the system was.not adopted until
1869 in New York, though it had been in
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successful operation for seventeen years
before that date in Boston. Most of the
other cities lagged behind, for evenin 1871
only twenty cities had adopted the fire
alarm telegraph.

After that date, however, the system
spread with great rapidity, and there were
seventy-five cities using it in 1875. Fol-
lowing that year was a steadily expanding
appreciation of things electrical, including
the fire alarm telegraph, so that at the be-
ginning of the T'wentieth Century there was
scarcely a city of ten thousand or more in-
habitants that had not installed the fire
alarm telegraph as a prominent feature of
its fire protection programme, and many of
even smaller population had adopted it
also.

An improvement in signal boxes was in-
troduced by Mr. Tooker, of Chicago, in
1875. Before that, delays had been fre-
quent in transmitting alarms because the
key to open the box could not be found on
the instant. The Tooker keyless door was
intended to deter malicious persons from
sending in false alarms or otherwise inter-
fering with the apparatus. The door was
opened by the turning of a handle, which
wound up a spring, thus setting in motion
the mechanism by which a local alarm was
sounded on a small gong within a box. The
person using the Tooker device, having
turned the handle of the door and heard
the local alarm, often thought he had done
all that was necessary, and would walk
away without pulling the hook that sent in
the signal to ‘‘central,” so that the vital
part of the signal was omitted. The next
step in the development of the idea was the
invention made by M. H. Suren in 1893.
In the operation of this invention it was
only necessary that the handle of the door
should be turned, whereupon the bell rang
and the alarm was transmitted to the cen-
tral office without even opening the door
of the box. A similar development is seen
in the device patented by J. J. Ruddick in
1889, by means of which the boxes, besides
being non-interfering, are made to succeed
each other, each in turn sending in its own
definite signal, even if three or four boxes
on the same circuit are pulled at the same
time.

-Mention has been made of Edwin
Rogers’ automatic repeater, invented in
1870 as an improvement on Farmer’s vil-

lage system, which made it practicable to
strike all the bells and gongs of a fire
alarm system directly from one street sig-
nal box without the intervention of an
operator at the central ofice. John P. Bar-
rett, then superintendent of the fire alarm
telegraph of the City of Chicago, invented
in 1876 a device known as the joker which
carried the valuable idea of the Farmer
system into a new application and gave its
benefits to large central station systems. By
means of the Barrett invention alarms can
be sent directly from a signal box to the
fire companies whose duty it is to respond
first, and this, in combination with the auto-
matic repeater, was found to be an im-
provement of very great value in city fire
alarm work. ~

In central stations of the fire alarm tele-
graph there have been many improve-
ments to make the system more and more
efficient. The electro-mechanical indicator,
which was first introduced in 1875, is a gen-
eral feature of the fire engine house, and
as electrical art has progressed new and in-
genious devices have been introduced to
render more responsive and to speed up the
operations of the fire fighting force.

There has been a continuous develop-
ment of the use of the telephone for fire
alarm purposes. Its efficiency for that
purpose is very great in reporting fires in
the business district or in the better resi-
dence sections, where the telephone is in
general use, but in the poorer tenement sec-
tions, where telephones are few and inac-
cessible, the automatic fire alarm box, usu-
ally easily distinguished by the poles and
boxes being painted red, 1s the main fire
alarm resource. ;

Like other matters of electrical applica-
tion, the fire alarm telegraph has been sub-
ject to constant innovation and improve-
ment. New conditions of service have
called for these advances, and while the
system in use in the fire-protected cities of
the United States are greatly varied, some
cities finding the old equipment sufficient
for their needs, others have found new
methods necessary. In New York City,
and especially in the Borough of Manhat-
tan, where the main streets are underlaid
by the wires of many circuits of various
voltages, some of high tension, which were
detrimental to the proper working of the
fire alarm telegraph lines in the old fire de-



50 THE STORY OF ELECTRICITY

partment subway, it was found necessary
to install a new modern fire alarm system
for the island of Manhattan.

The matter had been long contemplated
and in 1907 the need in this direction was
investigated by J. J. Carty and Kempster
B. Miller, who reported a preliminary plan
and stated the engineering principles which
should govern the new installation. The
matter did not reach definite action until
1915, when a report was made to the
Board of Estimate and Apportionment by
Robert Adamson, fire commissioner, and
Putnam A. Bates, electrical engineer.

Under the new plan the fire department
discontinued the use for fire alarm pur-
poses of the old fire department subways
and also the high-tension subways of the
Consolidated Electrical Telegraph and Sub-
way Company, confining the fire alarm
cables to the low-tension system of subways
to be supplied by the Empire City Subway
Company, thereby eliminating, as far as
existing conditions make it practicable to
do so, the possibility of contact between
conductors of the fire alarm system and
foreign circuits containing dangerous volt-
ages. This project utilized such parts of
recent construction as were adapted to the
new system, and supplied the remainder by
new construction.

Thus was introduced into the Borough
of Manhattan an entirely new fire alarm
system, modern in every respect, including
the cables, fire alarm boxes, and a new fire-
proof central station in Central Park.

Under this plan only ten street boxes are
attached to any single circuit. - Each fire
house is connected with the central office by
circuits wholly independent of the alarm-
box circuits, a maximum of four companies
being connected on any one of these cir-
cuits. Fire alarms are sent to the new cen-
tral headquarters from the street boxes,
and are thence transmitted to the fire house
over the central office circuit. Provision is
made by means of independent circuits for
notifying independently the chief of the de-
partment, his under chiefs, all fire-boat sta-
tions and the Insurance Patrol, so that they
shall receive all alarms of fire at all hours.
In this latter system is included a connec-
tion with the high pressure pumping sta-
tions, the Edison Company’s waterside
power station, which furnishes the current
for the pressure pumping, and police head-

quarters. Wires in the feeder cables pro-
vide direct connections with fire headquar-
ters in the Bronx, Brooklyn and Queens.
Public schools, hospitals and other similar
buildings are also connected with the street-
box system, each such building having one
box assigned to it.

Auxiliary systems of fire alarm tele-
graph, installed in convenient places in
buildings, are important as fire-prevention
aids. Boxes are placed in schools, for in-
stance, near the teachers’ desks. The box
has a pane of glass in front which, in case
of fire, is broken and a ring inside pulled
down. This action operates a trip in the
nearest street box and causes an alarm to
be sent to fire headquarters. Such an aux-
iliary circuit has a special battery and is not
connected electrically with the regular cir-
cuits of the fire alarm system.

Still another class of fire alarm telegraph
apparatus is that known as the thermostatic
group. In this the materials or mechanism
of the thermostats are so sensitive to high
temperatures that when a certain degree
of heat is reached the circuit is closed and
an alarm is automatically turned in. There
are many applications of this principle, but
one of the most widely known and most
popular, particularly in textile factory dis-
tricts where it has become a feature of in-
surance economy through “factory mutual”
insurance organizations, is the combination
of the automatic sprinkler with the thermo-
static alarm. The same idea has also been
applied to many stores and warehouses in
the cities.

In connection with the efficiency of auto-
matic fire alarms, the National Fire Pro-
tective Association has gathered some val-
uable statistics which give insight into the
progressive efficiency of fire alarm service
for the fifteen years from 1897 to 1911 in-
clusive. It was shown that where the pro-
tection was by watchmen alone there were
failures in 10 per cent of the cases; by
sprinkler alarm alone, 7 per cent of fail-
ures, and thermostats alone 21 per cent of
failures. But in the later years of that
period the thermostats made great im-
provement in efficiency, and in the year
1911 proved 100 per cent efficient. This
increase of efficiency for thermostats, as
compared with their earlier records, is be-
cause prior to 190§ very few automatic
alarm systems were connected with central
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stations except in a few cities. Most in-
stallations were without either connection
or supervision by an operating company,
hence both maintenance and service were
often deficient. Only systems operating
through a central station are now approved
by the National Board of Fire Underwrit-
ers. Variations in interior fire alarm ap-
paratus have to be sometimes made to
adapt them to the legislation of particular
states, and thus there is a special form of
such apparatus to operate on the 110-volt
direct-current underground circuits in New
York City.

Installations of automatic fire alarm sys-
tems are now largely confined to city build-
ings, where the system is connected with a
central station—operated by an alarm
company—which, in turn, transmits the
alarm to the Fire Department. The in-

stallation of thermostats in outlying or
country risks has not generally proved sat-
isfactory, owing principally to poor in-
spection and maintenance, rather than de-
fects in mechanism.

The automatic systems which, installed
and operated under present underwriters’
rules, afford the most complete protection
are those which combine the automatic
thermostatic alarm with the automatic
sprinkler system, thus extinguishing or at
least retarding the progress of the fire,
while giving effective alarm to bring as-
sistance from the fire department.

In the various applications of electricity
to the work of fire alarm the world’s most
useful servant, Electricity, has brought
great and increasing efficiency and has
saved vast numbers of lives and untold
millions of dollars’ worth of property.

ELECTRIC POLICE PATROL
SYSTEMS

When the telegraph was introduced into
use and had demonstrated its practicability,
those charged with the administration of
law connected with the detection and sup-
pression of crime saw at once that it had
great possibilities as a police aid. In fact,
one of the earliest instances of the use of
the telegraph in England—and that which
did most to direct public attention to it at
that time—was the forwarding from one
city to another of a telegram describing an
escaped murderer, who was promptly ar-
rested by means of the assistance thus
given.

American cities soon adopted the prac-
tice of enlisting telegraph operators as
members of the police force, to transmit
messages and receive signals over wires
connected with the police_ stations in the
various precincts. The usefulness of the
telegraph was restricted by the fact that
signals were based upon Morse Teleg-
raphy with the use of the key and sounder,
as that would require a large and expensive
staff of operators. In 1858 a dial tele-
graph was made by the firm of Charles T.
and J. N. Chester for the New York City
Police Department, and the same device
was soon afterward adopted by the City of
Philadelphia. This system substituted for

the Morse key and sounder an electrical
apparatus, with a keyboard something like
that of the typewriter, and enabled a mes-
sage to be sent directly in letters of the
alphabet, thus avoiding the necessity of
translating them into dots and dashes and
then having them translated back again.
But even this work required a certain de-
gree of technical efficiency in manipulation
that few acquired, and except certain com-
munications that could be made by a few
short signals. Thus the telegraph, while
in many ways a great help to the police,
had severe limitations on its usefulness.

The invention of the telephone, there-
fore was a great boon to police administra-
tion, and in 1880 John P. Barrett, whose
previous position as superintendent of the
fire alarm telegraph of Chicago had been
enlarged to that of superintendent of the
city electrical department, introduced the
combination of telegraph and telephone as
an auxiliary to the police force. In the ex-
haustive census report on ‘‘Electrical In-
dustries, 1902, edited by Thomas Camer-
ford Martin and published by the Govern-
ment Census Bureau in 1906, the early his-
tory of this combined system is briefly
epitomized, as follows:

“The system was first installed in one
of the most turbulent districts of the city,
and at once increased tremendously the ef-
ficiency of the force, chiefly in the way of
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making a rapid concentration at any
troubled point. Its success was so rapid
that by 1893 no fewer than one thousand
street stations had been installed all over
Chicago, and in addition several hundred
private boxes had been put in, giving in-
stant communication, at any hour of the
day or night, with all the stations of every
precinct. Since that time the idea has
been carried even farther in various ways,
not only in Chicago, but in other cities.
Milwaukee was the second city to adopt
the police telephone booth, the installation
being made in 1883. Brooklyn followed
in February, 1884, with many improve-
ments, which appear to have been made
there for the first time. Upon the sugges-
tion of Frank C. Mason, superintendent of
the police telephone bureau, iron boxes,
similar to those employed in fire alarm
telegraphy, were used instead of the un-
sightly booth. Philadelphia, however, ad-
hered to the booth, introducing it in July,
1884. Since that time the systemhas been
extended year by year, and some of the
more modern street boxes have been intro-
duced.

“As the work in Chicago is typical, and
is the fundamental form from which the
others have been evolved, a brief descrip-
tion of it may be given. A special feature
was the adoption, for street stations, of an
octagonal booth or inclosure about 8 feet
high and 2 feet 4 inches in diameter. For
many reasons such sentry boxes are prefer-
able to boxes on walls or lamp-posts, as
the patrolman, once within, is secure from
interruption while communicating with
headquarters, and, moreover, the intelli-
gence he wishes to convey can be kept se-
cret—a matter of considerable importance
on many occasions. Keys which will open
any of the street stations and boxes are
given to the patrolmen of the district, and
are also placed in the hands of responsible
citizens, the names of the citizens and the
number of the keys being carefully re-
corded. The citizen’s key only turns in a
call for help, but the patrolman’s key
gives him access to the inner box, from
which he can transmit calls, signals, and
reports, by means of telephone receivers
and transmitters, and other apparatus.

“The private boxes placed in residences,
banks, hotels, etc., enable the persons using
them to call up the police at any time by

simply turning in an alarm, by pulling the
lever or handle attached to the box, so that
upon arrival the police can immediately let
themselves in and proceed to business.
Each night the renter of the alarm box can
make a test of the system, an answering
ring showing the line to be in working
order;in the same way, after an alarm has
been sent in, a return tap signal of the bell
gives assurance that the call has been heard
and will be attended to immediately.”

The introduction of the telephone as a
major feature of the police patrol systems,
did not do away with other signalling feat-
ures. The importance of being able to
converse by telephone is very great, but
automatic signalling, where applicable, is
safer because it is not liable to the misun-
derstanding which often comes when an
excited dispatcher and a confused operator
are at the opposite ends of the wire.

In connection with this police patrol sys-
tem visual signals were introduced, includ-
ing semaphores by day and flashlights by
night, using either the ordinary lamp-
posts or lamps placed on top of the booths;
and the ringing of a large bell was an ad-
ditional feature. Not only are the visual
signals used for registering the proper cir-
culation of patrolmen on their beats, but
they have the further advantage that they
can be operated on all the boxes on any one
circuit.

Police patrol systems continue many
features of this original system, the signal
box being provided with a telephone, by
means of which patrolmen can communi-
cate with police headquarters. But various
other devices for signalling and telegraph
purposes have been invented and are in use
in various cities. Through one type of box
the patrolman advises the central office of
his being on duty by opening the box with
a special key, thus transmitting the number
of the box, which, with the time, is re-
corded automatically upon a slip of paper
by an electric time stamp. These signals
are transmitted at a higher rate than fire
alarm signals, for the reason that no heavy
apparatus, such as a gong, is used. They
work upon a principle similar to that of
a watchman’s automatic registering sys-
tem, being received at the central office
without the intervention of an operator.
The mechanism of the box is such that
when a signal requiring immediate atten-
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109 Court Strect, Boston.

THE BIRTHPLACE OF THE TELEPHONE IN 1876

The machine shop of Charles Williams, Jr., as shown above was the headquarters of Professor Alex-

ander Graham Bell and his faithful assistants during the months of experimentation with tele-
phonic apparatus. And from this modest building, now reconstructed as shown on another
page, into a moving picture theatre, but forever famed, emanated the invention which
to this date has probably done more to expedite the world’s affairs than any
other invention of the human brain

Courtesy of A. Arthur Ziegler.




CHAPTER III

THE STORY OF TELEPHONY

THE BEGINNING AND SUCCESSFUL COMPLETION OF THE SYSTEM
WaicH Has MApE PossiBLE THE MODERN BusiNEss WORLD

WIRELESS AND ILONG DISTANCE TELEPHONE

OST epoch-marking inventions
M have been, and those in the future
k. doubtless will be, the subject of
protracted and often acrimonious litiga-
tion. This is due in some instances to the
simultaneous discovery of the same prin-
ciple by different inventors, for there is
such a thing as “independent invention.”
In other cases, an invention is attacked in
the courts as part of a policy of so-called
business strategy, while in instances which
are happily few, the raid on a discoverer’s
property partakes of the nature of black-
mail. Edison is said to have described a
patent as “‘an excuse for a fight.”

The telephone was no exception. Be-
fore Bell’s standing as the inventor of the
commercial telephone was established im-
mense sums of money were spent for legal
talent, competent witnesses and the manu-
facture of models with which to demon-
strate the principles involved. The fact
was determined, however, beyond dispute
that in 1876, at the time of Bell’s invention
of the speaking telephone, there was not
in the hands of the public anywhere in the
world a single operative telephone. The
whole telephone art and industry dates
from 1876-1877.

The fundamental basis of telephony
probably may be attributed to Page, an
American, who discovered in 1837 that an
iron bar when magnetized and demagne-
tized at brief intervals of time gives forth
a sound due to the molecular disturbance
of the mass. Reis, a German, utilized
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this principle and built apparatus for the
transmission of musical sounds to a dis-
tance by electrical means. Prior to this,
however, the idea of telephony had been
defined in a remarkably clear way by
Joseph Bourseul, a young French soldier,
in Algiers. He already had attracted the
attention of his superiors by the mathe-
matical instruction which he gave to his
fellow soldiers in garrison. Under the
title of “Electrical Telephony” the jour-
nal “L’Illustration de Paris,” August 26,
1854, described Bourseul’s idea as follows:

“No further machinery and knowledge
except a galvanic pile (battery), two vi-
brating plates and a metallic wire needle.
Without other preparation one would only
have to talk against one of the metallic
plates, and another would have to hold his
ear against the other plate. In this way
they could converse with each other.”

In spite of this wonderfully lucid and
brief statement of the telephonic principle,
it seems to have been the beginning and
the end of Bourseul's endeavors. So far
as can be ascertained he never reduced his
idea to practice and no one was ever found
who had seen a telephone constructed by
Bourseul. There is certainly none in ex-
istence today.

Reis, however, actually built apparatus
which could be made to transmit sounds
and, it was claimed, human speech. In his
biographical notes, written in 1868, Pro-
fessor Reis says:
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“Incited thereto by my lessons in physics,
in the year 1860 I attacked a work, begun
much ‘earlier, concerning the organs of
hearing and soon had the joy of seeing my
pains rewarded with success, since I suc-
ceeded in inventing an apparatus by which
it is possible to make clear and evident the
functions of organs of hearing, and with
which, also, one can reproduce tones of all
kinds at any desired distance by means of
the galvanic current. I named the instru-
ment telephon. The recognition of me on
so many sides which has taken place in con-
sequence of this invention, especially at the
Naturalists’ Association at Gnesen, has
continually helped to quicken my ardor for
study that I may show myself worthy of
the luck that has befallen me.”

During the period 1861-1864 Reis ex-
hibited his apparatus a number of times
and sent duplicates to various parts of the
world. In 1865 Professor Clifton made
a demonstration with the Reis telephones
before the Manchester (England) Liter-
ary and Physical Societies. The year book
of the Physical Society, of Frankfort, Ger-
many, for 1860-61 contains a discussion
by Reis in which he points out that every
tone or combination of tones entering the
human ear causes its membrane or ear-
drum to vibrate. The sense of sound is
produced by the motion of these vibra-
tions, and every change in the motion must
necessarily be accompanied by a change in
the sensation. Therefore it would be pos-
sible to transmit such sounds electrically,
set up vibrations or curves like those of
any given tone or combination of tones
and receive the same impression as the tone
itself would have produced.

Reis elaborated this idea into an appa-
ratus built upon the principles of the
human ear, to which the earliest forms had
a rough but striking resemblance. His
first device embodied a small cone covered
at its lesser end with an animal membrane
upon which a small platinum strip was fas-
tened with sealing wax. The receiver con-
sisted of a violin upon which a knitting
needle, with a coil wound around it, was
fastened. When the sound waves made the
membrane vibrate the circuit was closed
as they impinged, and the strip of platinum
beat against a tip of metal, the degree of
contact being altered with each vibration.
The sound waves threw the electric cur-

rent at the point of variable contact into
pulsations of varying strength, and cor-
responding effects were produced at the
receiving end.

Twelve ingenious forms of the Reis ap-
paratus were worked out. All embodied
the idea of the human ear, with its audi-
tory tube, tympanum, etc. The first device
used by Reis as a receiver consisted of a
steel knitting needle wound with a spiral
coil of silk-covered copper wire. When
it was determined that the sounds pro-
duced by rapid magnetization and demag-
netization could be improved by the addi-
tion of a sounding box the needle was
mounted upon the sounding board of a
violin. A cigar box also was tried. The
final form of the knitting needle receiver
adopted by Reis was essentially of this
box type. The needle and its helix lay on
a rectangular box of thin pine wood and
the coil of wire was mounted upon a light
wooden bobbin instead of being twisted
around the needle itself. Two wooden
supports held the ends of the needle and
over this was placed a hinged box lid. In
the original apparatus this lid when closed
pressed tightly upon the steel needle.
Reis’s own instructions were to press the
lid firmly against the needle in order that
the sound might be intensified, as was done
unconsciously by the listener with his ear
pressed against the lid in order to hear
more distinctly. At one end of the sound<”
ing box was a small telegraph key used
to interrupt the circuit and to telegraph
signals back to the transmitting end of the
line.

A great deal of testimony has been pro-
duced to prove that not only musical’
sounds but words and phrases were actu-
ally transmitted by this device, as they
can be today in modern models of the ap-
paratus.  But since the invention rested
upon the make-and-break principle, the
electrical circuit having to be made and
broken every time a sound impulse was
transmitted, it was so extremely delicate
that it was impossible to maintain it in ad-
justment for more than the shortest space
of time. Reis himself said to Herr Gar-
nier, to whom he disposed of his instru-/
ment and tools, that he had shown the/
world the way to a great invention
which must be left to others to develop.
Appreciation of the work of Reis has
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been shown in this country and in Europe.
In 1878 a monument was erected to his
memory in Frankfort, the inscription on
which styled him “the inventor of the tele-
phone.”

During the early litigation over the in-
vention of the telephone, one of the
American judges said that, however in-
genious this pioneer work may have been,
a hundred years of Reis would never have
given to the world the telephonic art for
public use as it exists today. Both before
and after the invention of the Bell tele-
phone many attempts were made to apply
in practical apparatus the make-and-break
principle of Reis, and some of the work-
ers in this field devised transmitters ap-
proaching the modern microphone, now
so essential.  But, up to 1876, the tele-
phone was utterly unknown to the public,
and the scientific apparatus for laborator-
ies and schools, formerly bearing the
name, remains to this day virtually incap-
able of improvement that would bring it
within the possibility of public utility.
Suggestive and helpful as the work of
Reis must have been to all who were fa-
miliar with it, the art of speaking tele-
phony had to find its perfection and its
future possibilities in some other direction
than the make-and-break system with
pulsatory currents.

United States Patent No. 174465 issued
on March 7, 1876, to Alexander Graham
Bell marks the beginning of one of the
important epochs in the world’s history.
On it—‘‘the most valuable single patent
ever issued”’—is founded one of the farth-
est-reaching and highest developed of
man’s industries. The unity of the nation
fairly may be said to have been cemented
by the invention and development of the
Bell telephone.

Bell’s application for his original patent
was filed on February 14, 1876, after a
great deal of experiment and investiga-
tion. Bell, who, as a teacher and student
of vocal physiology, had exceptional quali-
fications for determining feasible methods
of speech transmission, constructed his
first pair of magneto telephones in 1875.
Each of these consisted of an electro-
magnet, a U-shaped iron bar around one
member of which a coil of wire was
wound, while a thin iron plate or arma-
ture was hinged to the other member, ex-

tending also over the wire-surrounded
core. A diaphragm of membrane,
stretched across the tube, served as a
mouthpiece, being mounted in a frame
having its center immediately opposite the
active pole of the magnet to which the
iron armature was attached. All during
1875 Bell experimented with apparatus of
this character, varying the proportion and
arrangement of the coil, the magnets, the
armature, etc. 'This was virtually the ap-
paratus figured and described in the
patent specifications, with the addition of
hollow cones attached to the armature
membranes in order to concentrate the
voice at the transmitting end and to assist
the ear at the receiving end.

Professor Bell’'s Single Pole Teléphone as
Shown at the Centennial Exposition

A paper read by Bell before the Ameri-
can Academy of Arts and Sciences at Bos-
ton on May 10, 1876, constitutes the first
published account of the speaking tele-
phone. In the summer of 1876 Bell's
crude mechanism was exhibited at the Cen-
tennial Exhibition at Philadelphia and
won the enthusiastic admiration of the
world’s leading physicists, as well as the
plaudits of the people. During this same
year Bell tried the substitution of a per-
manent magnet for the electro-magnet and
toward the end of the year he usually em-
ployed the permanent magnet, omitting
the battery. Practically the same results
are obtainable with the electro-magnet
and the permanent magnet over short dis-
tances, but early it was found that the
magneto telephone had very definite limi-
tations as to distance of operation and
clearness of utterance. The great advance



58 THE STORY OF ELECTRICITY

that Bell now made was to devise a mech-
anism for both kinds of apparatus that
would produce undulations of the electric
current in the circuit corresponding to the
sonorous vibrations of the voice, thus ren-
dering practicable the continuous and intel-
ligible transmission of human speech.
The principle so discovered and embodied

Professor Bell’s Iron Box Telephone as Shown at
the Centennial Exposition

in practical apparatus was defined as fol-
lows in the specifications of the Bell
patent:

“Electrical undulations induced by the
vibration of a battery can be represented
graphically without error by the same sinu-
soidal curve which expresses the vibra-
tions of the inducing battery itself and the
effect of its vibration upon the air; for, as
above stated, the rate of acceleration in
the electrical current corresponds to the
rate of vibration of the inducing body,
that is, to the pressure of sounds pro-
duced. The intensity of the current varies
with the amplitude of the vibrations, that
is, with the loudness of the sound; and
the polarity of the current corresponds to
the direction of the vibrating battery, that
is, to the condensation and rarefaction of
the air produced by the vibration.”

Claim 5 of the patent sums up this prin-
ciple as follows:

“The method of an apparatus for trans-
mitting vocal air into sounds telegraphi-
cally, as herein described, by causing elec-
trical undulations similar in form to the
vibrations of the air accompanying the
said vocal air into sound substitutes as set
forth.”

In his “The History of the Telephone”
Herbert N. Casson gives the following
account of one of Bell's early experiments:

“In that somewhat distant year 1873,
when the telegraph and the Atlantic cable
were the most wonderful things in the
world, a tall young professor of elocution
was desperately busy in a noisy machine-
shop that stood in one of the narrow
streets of Boston, not far from Scollay
Square. It was a very hot afternoon in
June, but the young professor had forgot-
ten the heat and the grime of the work-
shop. He was wholly absorbed in the
making of a nondescript machine, a sort
of crude harmonica with a clock-spring
reed, a magnet and a wire. It was a most
absurd toy in appearance. It was unlike
any other thing that had ever been made
in any country. The young professor had
been toiling over it for three years and it
had constantly bafled him, until, on this
hot afternoon in June, 1875, he heard an
almost inaudible sound—a faint twang—
come from the machine itself.

“For an instant he was stunned. He
had been expecting just such a sound for
several months, but it came so suddenly as
to give him the sensation of surprise. His
eyes blazed with delight, and he sprang in
a passion of eagerness to an adjoining
room in which stood a young mechanic
who was assisting him.

“‘Snap that reed again, Watson!’ cried
the apparently irrational young professor.
There was one of the odd-looking ma-
chines in each room, so it appears, and
the two were connected by an electric
wire. Watson had snapped the reed on
one of the machines and the professor had
heard from the other machine exactly the
same sound. It was no more than the
gentle twang of a clock-spring; but it was
the first time in the history of the world
that a complete sound had been carried
along a wire, reproduced perfectly at the
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other end, and heard by an expert in
acoustics.

“That twang of the clock-spring was
the first tiny cry of the new-born tele-
phone, uttered in the clanging din of a
machine-shop and happily heard by a man
whose ear had been trained to recognize
the strange voice of the little newcomer.

The Harmonic Machine of 1875

There, amidst flying belts and jarring
wheels, the baby telephone was born, as
feeble and helpless as any other baby, and
‘with no language but a cry.’

“The professor-inventor who had thus
rescued the tiny foundling of science was
a young Scottish-American. His name,
now known as widely as the telephone
itself, was Alexander Graham Bell. He
was a teacher of acoustics and a student
of electricity, possibly the only man in his
generation who was able to focus a knowl-
edge of both subjects upon the problem of
the telephone.”

The historic conversation between Bell
and his assistant, Thomas A. Watson,
occurred on March 10, 1876, in the ma-
chine-shop referred to above. It was the
first time the telephone transmitted con-
nected sentences audibly and distinctly. In
all the early experiments Watson, who
had a peculiarly keen sense of hearing,
did the listening while Bell, who was a
professional elocutionist, did the talking.
On this occasion Watson was in the base-
ment of the shop listening when Bell said,
“Mr. Watson, come here; I want you.”
Watson took the three flights of stairs on
the jump and cried breathlessly to Bell:
“I can hear you! I can hear the words!”

Rapid improvements were made in the
apparatus shown at the Centennial Exhi-

bition and the receiving part of the mag-
neto telephone soon took the shape which
has long been familiar. The iron plate
armature and the connected diaphragm
became one member and a single sheet
iron diaphragm, or disk, such as is used
today, was adopted. The coil of wire
around the magnet was shortened until it
became the flat bobbin, or spool, that is
now a characteristic feature of the receiv-
ers, placed at the end of the magnet near-
est the diaphragm. The speaking trum-
pet, or cone, of the resonating space was
flattened until it became the shallow cup
which enables one to rest the ear directly
upon the telephone.

In August, 1876, Bell performed a
lengthy series of experiments over a five-
mile telegraph line in Canada. On the
evening of October 9, 1876, the first long
conversation ever carried on telephoni-
cally was held over a telegraph line ex-
tending from the office of the Walworth
Manufacturing Company in Boston to
their factory in Cambridge, Mass.

The Gallows-frame Telephone Apparatus

Every word of this conversation was re-
corded at both ends. In November,
1876, a telephone was used over
200 miles of circuit between Boston and
Salem, Mass., by way of North Conway,
N. H,, and a little later a conversation
was carried on by Bell between Boston
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and New York over a Western Union
telegraph circuit. The apparatus used in
all these demonstrations was the magneto
telephone as distinguished from the bat-
tery type.

About this time men with capital at
their command began to notice the new in-
vention, and it was deemed wise to invite
the support of the public for this radical
departure in methods of communication.

Bell’s First Hand-telephone

A circular was issued which read as fol-
lows:

“The proprietors of the telephone, the
invention of Alexander Graham Bell, for
which patents have been issued by the
United States and Great Britain, are now
prepared to furnish telephones for the
transmission of articulate speech through
instruments not more than twenty miles
apart. Conversation can easily be carried
on after slight practice and with the occa-
sional repetition of a word or sentence.
On first listening to the telephone, al-
though the sound is perfectly audible, the
articulation seems to be indistinct; but

after a few trials the ear becomes accus-
tomed to the peculiar sound and finds little
difficulty in understanding the words.

“The telephone should be set in a quiet
place, where there is no noise which would
interrupt ordinary conversation.

“The advantages of the telephone over
the telegraph for local business are:

“rst. That no skilled operator is re-
quired, but direct communication may be
had by speech without the intervention of
a third person.

“2nd. That the communication is much
more rapid, the average number of words
transmitted in a minute by the Morse
sounder being from fifteen to twenty, by
telephone from one to two hundred.

“3rd. That no expense is required,
either for its operation, maintenance or
repair. It needs no battery and has no
complicated machinery. It is unsurpassed
for economy and simplicity.

“The terms for leasing two telephones
for social purposes, connecting a dwelling
house with any other building, will be $20
a year; for business purposes $40 a year,
payable semi-annually in advance, with
the cost of expressage from Boston, New
York, Cincinnati, Chicago, St. Louis or
San Francisco. The instruments will be
kept in good working order by the lessors,
free of expense, except for injuries result-
ing from great carelessness.

“Several telephones can be placed on
the same line at an additional rental of
$10 for each instrument, but the use of
more than two on the same line where
privacy is required is not advised. Any
person within ordinary hearing distance
can hear the voice calling through the tele-
phone. If a louder call is required, one
can be furnished for $3.

“Telegraph lines will be constructed by
the proprietors if desired. The price will
vary from $100 to $150 a mile; any good
mechanic can construct a line. No. 9 wire
costs 815 cents a pound, 320 pounds to
the mile; 34 insulators at 25 cents each;
the price of poles and setting varies in
every locality; stringing wire, $5 per
mile; sundries, $10 per mile.

“Parties leasing the telephones incur no
expense beyond the annual rental and the
repair of the line wire. On the following
pages are extracts from the press and
other sources relating to the telephone.
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“Cambridge, Mass., May, 1877.”

Up to this time the telephone had not
been developed beyond the connection of
two stations by a single wire, but it had
been from the start one of the ideas of
Bell that there should be a central office
having the function of making connection
whenever desired between the lines of the
several subscribers. Bell and his associ-
ates plainly set forth this idea in lectures
given in Connecticut and New York in the
spring of 1877. They outlined in a broad
way both the central exchange system and
long distance telephony.

The first line ever built especially for
telephone service was put in operation on
April 4, 1877, between the factory of

bard and Thomas Sanders had a three-
tenths interest each in the patents and
Watson one-tenth. At this time, August,
1877, Bell's patent was sixteen months old
and there were in use 778 telephones. Of
these four pioneer enthusiasts Sanders
was the only one who had any money and
his capital was limited. His business was
cutting soles for shoe manufacturers and
at no time was it worth more than
$35,000. Yet he had furnished ninety per
centof all the moneyspent on the telephone
from 1874 to 1878. Bell's room-rent,
Watson's wages, the factory expenses and
the cost of showing the telephone at the
Centennial Exhibition all had been met by
Sanders. His money built the first five

The Original Telephone Exchange Switch Board Designed and Used by E. T. Holmes, Boston, May, 1877

Charles Williams, Jr., in Boston, and his
home at Somerville, Mass. Shortly after-
ward a number of other lines of this char-
acter were erected. The majority of peo-
ple, however, regarded the telephone as
a toy, and its proprietors had great diffi-
culty in enlisting the interest of investors.
As soon as enough persons appreciated
the utility of the invention, Bell and his
associates recognized the need of an or-
ganization for dealing with the commer-
cial features of their enterprise. There-
fore, in 1877, an informal, unincorporated
association, known as the Bell Telephone
Association, was formed. It had no capi-
tal and few members. Its objects were to
assist Gardiner G. Hubbard, to whom, as
trustee, the Bell patents had been assigned,
and to devise the best means for the gen-
eral commercial introduction of tele-
phones. Under the agreement Bell, Hub-

thousand telephones, and before he had
received any relief he had strained his
credit almost to the limit and had signed
notes aggregating $110,000. Later, when
the Western Union Telegraph Company
attacked Bell and his associates and thus
greatly assisted in acquainting the public
with the merits of the telephone, a num-
ber of Sanders’ rich relatives came to his
rescue and financed the earliest telephone
enterprise, thus saving the situation for
the pioneers and incidentally making great
fortunes for themselves.

Meanwhile, it became necessary to de-
velop some means of furnishing connec-
tion between the various telephone sub-
scribers in one locality. In a crude man-
ner the first exchange idea was carried into
effect in May, 1877, in Boston, by making
connection with the circuits of the Holmes
Burglar Alarm Company. Four or five
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lines communicating with banks were
brought to a small switchboard at the
Holmes central office and the circuits were
repeatedly interconnected at this board.
Thus the Holmes system in Boston be-
came a telephone exchange during the day
and a protective burglar alarm system at
night.  As a matter of historical fact,

The First Telephone Switchboard Arranged for
Eight Subscribers and Installed in the New
Haven, Conn. Office in January, 1878

however, the first telephone central office
system was that established at New
Haven, Conn., and opened for business on
January 25, 1878. This was the first fully
equipped commercial telephone exchange
ever established for general or public
service. 'The skeptics who regarded the
telephone as a scientific toy were largely
converted by the building of central ex-
changes which enabled any subscriber to
talk with any other. This was shown by
the fact that three years later, or in
March, 1881, there were in the United
States only nine cities of more than 10,000
inhabitants and only one of more than
15,000 in which a telephone exchange had
not been established.

The development of the exchange sys-
tem seems to have been the turning point
in the expansion of the telephone business,
for the growth now went forward so rap-
idly that a more formal organization of
the new industry became imperative. As
a result the New England Telephone
Company, with a capital of $200,000, was
formed in February, 1878. This organ-
ization was given exclusive rights and
license to use and to manufacture tele-
phones in New England. In July, 1878,

~

The Universal Switchboard Manufactured by the
Western Electric Co. under Charles E. Scrib-
ner’s Patent, and from which the Standard
Switchboard Developed

the Bell Telephone Company was formed,
with a capital of $450,000, and exclusive
rights for the remainder of the United
States. In March, 1879, these two com-
panies were combined into the National
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Bell Telephone Company, with a capital
of $850,000. The commercial success of
the business had by this time become
assured, but it was found that the scope of
the National Bell Telephone Company
was not broad enough to meet the existing
situation. Therefore the American Bell
Telephone Company, with a capital of
$10,000,000, was organized in March,
1880. This latter company, through sub-
sidiary companies, displayed great ability
in developing the telephone business of the
United States on a territorial license basis
and continued to operate until 1889. It
was then absorbed by the American Tele-
phone and Telegraph Company which
originally had been created to handle the
long distance telephone business of the
American Bell Telephone Company.

It will be remembered that the original
circular of the Bell Telephone Association
specified the effective limit of speech as
20 miles. This limit did not long remain
fixed. At the beginning of 1881 the work
of telephonically connecting cities and
towns had been commenced and was well
under way. Boston could talk with 75
other communities, the lines reaching as
far as Springfield, Mass. The success of
the experimental long distance line be-
tween Boston and New York in 1884 con-
vinced the public that conversations over
distances of from 200 to 300 miles was
commercially practicable. Owing to diffi-
culties in securing terminal facilities it was
1887 before the longer lines were opened
to public use. Extensions of these lines
were carried on steadily. On October 18,
1902, the line between New York and
Chicago was opened, while the Boston-
Chicago line was put in service the fol-
lowing February. The maps of the long
distance telephone lines as they existed in
1904 and as they are today show in a
strikingly graphic manner the immense
growth of the system and indicate the
principal cause for the rapid rise in the
use of the telephone. The whole of the
United States is now a network of long
distance telephone lines from Portland,
Maine, to San Francisco and from the
Mexican border to the Canadian boundary.

A share of the early commercial devel-
opment of the telephone industry was due
to the competition of the Western Union
Telegraph Company with the Bell inter-

ests. In 1877 the Western Union saw in
the telephone a dangerous rival to the tele-
graph and at once set to work to counter-
act the new influence. It began to develop
a telephone system of its own based on the
work of Edison, Elisha Gray, Dolbear
and others whom it employed for the pur-
pose. Elisha Gray had filed in the Patent

ELISHA GRAY

Professor Bell's early Competitor and Founder of
the firm of Gray and Barton, now the Western
Electric Company

Office at Washington a caveat for “a new
art of transmitting vocal sounds tele-
graphically” on February 14, 1876, the
very same day on which Bell had filed his
application. This constitutes one of the
most remarkable coincidences in the his-
tory of invention. But the Gray apparatus
differed considerably, however, from that
of Bell. The Gray caveat described a
liquid transmitter so utilized that the vi-
brations of a plunger, or rod, attached to
the membrane would cause variations in
the resistance and consequently modify
the current passing through the circuit to
the receiver. In February, 1876, Gray
made a pencil drawing illustrating this in-
genious idea, but the liquid transmitters
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brought out by Gray and others from time
to time have never played any part in the
development of the telephone art.
Edison,-who was then in the service of
the Western Union, succeeded in produc-
ing an excellent carbon transmitter. In
this device the variations of resistance due
to change of pressure in, or intimacy of
contact between the particles of a mass of

The Carbon Transmitter
Produced by Thomas A. Edison

carbon effected the necessary variations in
the electrical current carrying the impulse
vibrations. This microphonic principle is
a feature of all the successful speech-
transmitting apparatus of the present day.
Meanwhile, Emile Berliner and Francis
Blake and Professor Hughes had devel-
oped efficient battery or carbon transmit-
ters for the Bell interests. In fact to Emile
Berliner is attributed the honor of having
invented the first and original microphone
transmitter in which two electrodes in con-
stant contact were arranged to have the in-
timacy of such contact and consequently
its resistance, and the current passing
through it varied by the impact of the
sound waves of the voice. Professor
Hughes was also an original inventor of
the same thing, although later; and it is
to him we owe the term Microphone. Edi-
son made an essential step in transmitter

production when immediately after Ber-
liner’s work he determined for all time
that carbon was the best material for the
contact electrodes. The Western Union
formed the American Speaking Telephone
Company and pushed its telephone system
vigorously throughout the country until it
had a large number of exchanges in
operation.

In September, 1878, patent litigation
between the rival companies was inaugu-
rated. Then the Western Unon, conced-
ing the priority of the Bell invention, pro-
ceeded to effect a famous agreement under
which, by agreeing to pay 20 per cent of
its income to the Western Union during
the life of the contract, a period of seven-
teen years, the Bell Company obtained
complete possession of the field and
acquired all the telephonic inventions, ap-
paratus and exchanges of the Western
Union system. This combination not only
unified the commercial systems of the
whole country, but achieved the more im-
portant result of harmonizing and stan-
dardizing the apparatus and thus permit-
ted easier and more rapid industrial and
scientific development.

The Bell telephone was, at the very start,
immediately introduced in Europe. There,
as in the United States, the Bell patents
throughout their entire term of existence,
although frequently sustained wholly or in
part, were subjected to constant legal at-
tack and competition in every imaginable
form. One of the results directly trace-
able to this cause is that the telephonic art
has enjoyed the labor of many prominent
inventors attracted by the opportunities
and rewards offered in this field. The ap-
paratus used at each end of the circuit as
well as that at the central exchange, which
at first was very crude, necessarily had to
be developed commercially. The first
switchboards used in central telephone ex-
changes were very similar in construction

‘and operation to those used in telegraph

offices. But these were very rapidly out-
grown and replaced with devices especially
created for telephone service. Many op-
portunities were thus afforded for the in-
dependent, and often competitive, inven-
tor. Beginning with the one fundamental
patent of Bell, already mentioned as ‘“‘the
most valuable single patent ever issued,”
the Bell interests gradually built up a
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patent department which not only was
charged with protecting the inventions of
the Bell staff but which was constantly on
the alert to acquire inventions which
showed an advance in the telephonic art.
It is said that at the present time the
American Telephone and Telegraph Com-
pany is the owner of not far from 5,000
patents relating directly and indirectly to
the telephone.

It was fortunate for Bell and his back-
ers that they were enabled to secure the

mentally. His team-mate, James J. Stor-
row, was physically small, with a quiet
manner and a conversational habit of ar-
gument. He was known as ‘“‘an encyclo-
paedia of definite information.” It is re-
lated that when he first joined the Bell
staff he spent an entire summer at his
country home studying physics and elec-
tricity. 'The third member of this inter-
esting triumvirate was Thomas D. Lock-
wood, who, in 1879, was appointed to
organize a patent department for the

The Patent Office Model of Emile Berliner's Original Telephone

services of a remarkable triumvirate of
men to defend their patent rights from
the constant legal attacks to which they
were subjected. The first of these was
Chauncy Smith, a Boston lawyer of the
Websterian type, whose resemblance to
Benjamin Franklin was often remarked.
In 1878, when he was called upon to de-
fend the infant Bell interests against the
attack of the powerful Western Union, he
was known as the ablest patent lawyer in
Boston. He was a big man physically and

young Bell company. Besides possessing
a great deal of inventive ability, Lock-
wood was descrlbed as having “a memory
like a filing system.” These three men de-
fended the Bell patents and held off the
attackers while Theodore N. Vail, the
General Manager of the company, was
building up the infant telephone business
from the commercial side. A writer on
the telephone has described Storrow, in
action, as a rapid-fire Gatling gun, while
Smith was a hundred-ton cannon, and
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Lockwood was the maker of the ammuni-
tion.

The three main arguments of the Bell
attorneys, which were unanswerable to
more than fifty eminent lawyers of the
day, were: First, Bell's clear, frank story
of “how he did it,” which almost invari-
ably embarrassed the pretender. Second,
the fact that the most eminent electrical
scientists of Europe and the United States
had seen and examined the Bell telephone
at the Centennial Exhibition and had pro-
nounced it new. Third, the most signifi-
cant fact that no one had attacked Bell’s
claim to be the original inventor of the
telephone until his patent was seventeen
months old.

The original Bell patent proved to be
an invincible document. It went through
an eleven years’ war and emerged without
a scar. It covered an entire art, and yet
is was upheld and sustained throughout its
seventeen years of life. The thirty-two
words forming the last sentence of the
Bell patent probably are the most valu-
able, from industrial and financial stand-
points, ever penned. They read: “The
method of, and apparatus for, transmit-
ting vocal or other sounds telegraphically,
by causing electrical undulations, similar
in form to the vibrations of the air accom-
panying the said vocal or other sounds.”

From the beginning, the success of the
telephone as a public utility has been based
much less upon a monopoly of patents
than upon the creation of a thoroughly
organized business with a high conception
of the meaning of “service.”

During the first half of the life of the
Bell patents a large number of rival com-
panies came into existence, attracted, no
doubt, by the financial rewards which were
apparently in view for a successful tele-
phone system. The greatest of these com-
petitors, as already noted, was the West-
ern Union Telegraph Company. One
hundred and twenty-five competing compa-
nies were launched in three years in open
dehance of the Bell patents. Few, if any,
except the Western Union, had any idea
of supplying telephone service. Their se-
curities bore a face value of $225,000,000
and were freely offered to the investing
public. One company without patents or
funds was capitalized at $15,000,000. It
is estimated that, at one time and another,

companies whose paper value was $500,-
000,000 were organized to break up the
Bell system.

As the term of the fundamental Bell
patents approached its end the practical
monopoly which the Bell company had en-
joyed since it acquired the telephone busi-
ness of the Western Union again attracted
competition and numerous “‘independent”
exchanges were started in various parts of
the country. Cities and towns which had
not enjoyed the benefits of telephone ser-
vice were the first to be supplied by the
“independents.” A large number of
“rural lines” also sprung up in farming
and sparsely settled communities. Later
the larger cities were invaded and inde-
pendent exchanges were to be found in suc-
cessful operation in Chicago, Philadelphia,
St. Louis, Cleveland, Seattle, Indianapolis
and many other places. The best paying
lines established by the independent move-
ment were, however, those in the rural dis-
tricts. A vast network of exchanges and
interconnecting lines was created and a
considerable number of manufacturers of
independent apparatus went into business.

Previous to this time the Bell people
had devoted great energy and foresight to
the standardization of telephone equip-
ment. Now the market was flooded with
apparatus of all sorts and designs. In
many places the business man was forced
to use two telephone services — the Bell
and the independent—with all the lost mo-
tion and inefliciency which such a situation
involved. In this way, under the guise of
competition, the waste of duplication
began generally throughout the country.
In a few years after the expiration of the
original Bell patents there were over 6,000
independent companies, little and big. By
1901 there were more than 1,000,000 in-
dependent telephones in use. The fact
that the great majority of these independ-
ent companies survived and continued to
do business proved that they were neces-
sary and that there was a demand for their
service. They did a great deal toward ex-
panding the telephone business into new
territory.  Some of them built up com-
plete plants and gave good local service.
The people in many cities came to regard
the establishment of a duplicate telephone
system as a desirable innovation, and one
promoter observed that ‘“we have two
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cars. Why not have two telephones?”
Herbert N. Casson refers to this phase of
telephone history as follows:

““This duplication went merrily on for
vears before it was generally discovered
that the telephone is not an ear, but a
nerve system; and that such an experiment
as a duplicate nerve system has never been
attempted by Nature, even in her most
frivolous moods. Most people fancied
that a telephone system was practically the
same as a gas or electric light system,
which can often be duplicated with the re-
sult of cheaper rates and better service.
They did not for years discover that two
tclephone companies in one city means
cither half service or double cost, just as
two fire departments or two post oflices
would.”

An investigation made in twelve single-
system cities and twenty-seven double-sys-
tem cities demonstrated that there were
about eleven per cent more telephones
under the double system, and that where
the duplicate system is installed every fifth
user is obliged to pay for two telephones.
The rates were alike, whether the city had
one or two systems. Duplicating compa-
nies raised their rates in sixteen cities out
of the twenty-seven and lowered them in
one.

The independent telephone movement
was undoubtedly for several years a stimu-
lant to the Bell company and its subsidia-
ries; but it did not bring to its promoters
the promised cheap rates, improved ser-
vice and big dividends. Nothing new in
telephone apparatus resulted from it ex-
cept the automatic switchboard which,
however, is not found in service in Bell ex-
changes even today. The movement may
be called a progressive one among the
rural population and reactionary in the
cities.

The independent companies began to
appreciate the limitations of their isola-
tion and by 1907 asked to be linked up
with the Bell system. In that year the
Bell companies took over 458,000 inde-
pendent telephones and 350,000 more in
the following year. This experience has
been repeated from year to year until at
the present time the Bell companies are
furnishing practically the entire telephone
service for the whole country. Through-
out the farming districts of the United

States there are thousands of groups of
farmers with a mutual telephone system
all connected to the vast network of the
Bell system so that they are in as close
touch with the big cities as they are with
their neighbors.

Theodore N. Vail, who had practically
created the telephone business from the

The Blake Transmitter
Invention of the late Francis Blake

commercial side in 1878, had been for
twenty years in South America engaged in
public utility projects of his cwn. In 1907,
just as the independent movement was be-
ginning to realize its isolation, he accepted
the presidency of the associated Bell com-
panies to push forward to final success the
completion of the universal telephone sys-
tem which he had visualized when the
telephone was only three years old.

The development of the art of tele-
phony in the United States, for the pur-
poses of a bird’s-eye view, conveniently
may be divided into four periods as fol-
lows:

1876-1886. The Period of Experi-
ment. Probably the most prolific decade
in the invention of fundamentals. Every
telephone man was a law unto himself.
There were few engineers and no experts.
The period of iron wire, tentative appa-
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ratus, peg and similar switchboards, local
batteries and overhead lines.

1886-1896. The Period of Develop-
ment. Amateurs became engineers. Proper
apparatus was discovered and developed
to high efficiency. The period of the mul-
tiple switchboard, girl operators, copper
wire, underground cables, common battery
system, metallic circuits and Jong distance
lines.

1896-1906. The Period of Expansion.
This was the harvest time in which the
men behind the telephone and the public
began to reap the results of twenty years
of hard work and financial investment.
The period of message rates, pay stations,
farm lines and private branch exchanges.

1906-1916. The Period of Organiza-
tion. With the increasing use of the long
distance service the telephone became
more national in character. It taught the
telegraph to cooperate. It got itself in
closer touch with the desires and needs of
the public. It organized for standardiza-
tion, efficiency and service.

The Bureau of the Census, of the
United States Department of Commerce
and Labor, first recognized the telephone
industry in 1880. The published figures
for that year, while incomplete, show that
there were 148 telephone systems in op-
eration, serving 48,414 subscribers over
34,305 miles of wire, through 43 public
exchanges. The par value of the author-
ized capital stock of all the companies was
$17,386,700, of which $15,702,135 was
outstanding. This whole business was
carried on by 3,338 employees.

The last annual report of the American
Telephone and Telegraph Company, as of
December 31, 1917, shows that on that
date there was one Bell telephone station
to each ten of the total population of the
country. There are in the United States
approximately 11,200 separate companies
giving telephone service. Of them 37 are
Bell companies, 9,129 independent compa-
nies connecting with the Bell system, and
about 2,000 independent companies not
connecting with the Bell system. There
are also a large number of rural lines and
systems which connect with these com-
panies, 22,299 of which are connected with
the Bell System.

At the end of the year the number of
telephone stations which constituted the

Bell System in the United States was 10,-
475,678, an increase during the year of
628,486, of which increase 486,040 were
owned by the Bell companies and 142,446
were Bell connected stations. Of the to-
tal number of stations in the system 7,031,-
530 were owned and operated by Bell
companies and 3,444,148 by local, co-
operative and rural independent compa-
nies or associations having sublicense or
connection contracts; the socalled connect-
ing companies.

In addition to these there are about
1,300,000 stations operated by indepen-
dent companies not connected with the Bell
System.

The assets of the company totaled
$1,276,503,468. The capital stock out-
standing was $505,403,777 and the
funded debt was $407,434,080. The sur-
plus and reserves amounted to $303,-
525,651 and the employees’ benefit fund
was $9,219,143.

In 1900 the net revenue of the company
was $5,486,058, of which $4,078,601
was paid in dividends, $937,258 was
added to reserves and $470,199 was
added to surplus.

In 1917 the net revenue of the company
was $50,714,211, of which $36,862,582
was paid in dividends and $13,851,629
was added to surplus.

The range of speech over long distance
telephone lines was for a long time limited
by detrimental electrical effects of a char-
acter unavoidable in the use of insulated
wires twisted together in pairs, in which
the wires are in close pr0x1m1ty to each
other and to other pairs of wires forming
the same cable. As an example, the loss in
speech transmission in one mile of No. 19
B. & S. gauge wire, with a diameter of
.0359 inch, in cable of the ordinary type,
is equwalent to that in a little more than
eight miles of No. 12 B. & S. gauge cop-
per wire, diameter .0808 inch, strung as an
overhead metallic circuit on poles with the
standard spacing of 12 inches between the
two members of the circuit. As practical
efficiency and economy require the use of
cables, instead of a multitude of overhead
exposed metallic circuits, it will be scen
that the problem of overcoming these re-
tarding electrical effects was of the great-
est importance. It was solved in a most
ingenious manner by a mathematical inves-



1HE08, SINCIRYA (@) IRIHRIGIR RICI IRV 69

tigation carried out by Dr. M. 1. Pupin,
of Columbia University, New York City,
who took out a number of patents covering
the method which he evolved. Under
the direction of Mr. John J. Carty, chief
engineer of the American Telephone
Telegraph Company, and his staff, Dr.
Pupin’s method was placed on a practical
commercial basis and at present conversa-
tion between New York and San Francisco
is carried on largely through the use of
lines which are “‘loaded” at intervals with
the Pupin device. The transmission over a
loaded No. 14 B. & S. gauge pair of wires
forming part of a cable, such as is used in
the long distance circuit between Chicago
and Milwaukee, 8814 miles in length, is
as good as would be obtained over an un-
loaded cable circuit which uses wire of the
same size but is only 18 miles long. The
practical effect of installing this type of
loaded cable for circuits of this kind is to
protect the wires from the influence of the
weather, which on overhead wire lines
might at any time absolutely interrupt the
important service given, or reduce the
efficiency of transmission. The conditions
of the cable circuit are practically con-
stant, so that their installation represents
an exceedingly valuable improvement in
the facilities for handling a traffic consist-
ing of important messages, heavily con-
centrated between two points. Loading
overhead long distance telephone lines
also has reached a high stage of develop-
ment.

For a long time after the first telephone
lines were installed, a circuit consisted of a
single wire extending from a grounded
terminal at the central office to a ground
connection at the distant terminal of the
telephone instrument at the subscriber’s
station. The electric current followed the
wire and completed its circuit through the
earth. Such grounded circuits were used
to a large extent between central offices
for the transmission of messages from one
exchange district to another, but later
were replaced with metallic, two-wire
lines, to secure improved transmission.

The copper wire which carries the mes-
sages forms a large proportion of the
fixed investment in a long distance tele-
phone system. In the early days the rev-
enues from long distance business were
limited by the inability to use the two

wires of a line for more than one message
at a time. Several important inventions
which were commercially developed about
1905, made it possible to use two pairs of
wires to carry simultaneously three tele-
phone messages, the lines being adapted
for this service by the connection of special
coils of wire wound upon iron cores at
each end of the respective circuits. Not
only is it possible to use a pair of wires to
transmit a telephone message, but at the
same time a telegraph message may be
sent over one of the wires, or each of the
two wires may be used to carry a separate
telegraph message, without interfering
with the telephone conversation which is
at the same time passing over the circuit.
The highest development of this remark-
able achievement shows that, through
duplex and quadruplex telegraphy, four or
eight telegraph messages may be transmit-
ted over each pair of wires without inter-
fering with their use as a talking circuit.
By means of inductance and other elec-
trical actions, it is possible to create a third
circuit without stringing any additional
wires. As this third circuit has no physical
existence apart from the two original
pairs of wires, the early inventors called
it a ‘‘phantom” circuit, a most appropriate
name and one now constantly used. Be-
sides the coils and a small amount of
special wiring at the ends of circuits, the
only additional investment required to pro-
duce a phantom circuit is that necessary
for a rearrrangement of wires on poles at
intervals throughout their length to pre-
vent confusion of speech in the lines. It is
impossible, however, to create a phantom
of two circuits which are not absolutely
similar. A copper circuit and a pair of
iron wires might be of the same size and
length, but the differences in the molecular
character of the two metals would prevent
them from being combined to produce a
good phantom circuit. It is also necessary
to keep wires which are phantomed espe-
cially clear of trees and other influences
which would tend to reduce insulation.
Such circuits must be kept in first-class con-
dition. In spite of the extra care required,
this device has made, in the aggregate,
thousands of miles of lines more profitable
than before its adoption, by adding a po-
tential advance in returns of 50 per cent
at the cost of a comparatively insignificant
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investment, with no harmful eftect upon
the service.

Telephone companies now carry on a
large part of the communication relating
to their own business by telegraph, over
circuits which at the same moment are
earning revenue by carrying messages for
subscribers. For a long time one of the
elements entering into the cost of long dis-
tance telephone service was the use of the
wire by operators in making appointments
necessary for completing connection previ-
ous to the establishment of communication
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the pair, and a third leasing the other
wire, the two latter being users of tele-
graph service.

The wireless telephone, although it has
not been regularly applied to commercial
service, has been repeatedly demonstrated
practically and represents, from a scien-
tific standpoint, a valuable addition to the
art of speech transmission. The principle
upon which it operates involves the mod-
ulation of continuous trains of electro-
magnetic waves, in correspondence with
the intricate variations of sound waves
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The Birthplace of the Telephone as it Appears Today in Contrast to the Original View
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between subscribers. Where the necessary
information is transmitted by telegraph
over a phantomed telephone circuit, one
paying message can follow another as rap-
idly as the wire can be released. By leas-
ing the use of a telegraph line formed in
this way to outside persons, a telephone
company may at any given instant be de-
riving from a particular pair of wires
income from three separate persons—one
telephoning, a second leasing one wire of
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which impinge against the diaphragm of
a transmitter., These electro-magnetic
waves, at the receiving end, pass through
a detector which gathers out the variations
and retransforms their special type of en-
ergy into variations of electric current
capable of causing vibrations in the dia-
phragm of a telephone receiver and thus
reproducing speech. Although there is no
commercial wireless telephone service in
existence today, speech has been success-
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fully transmitted by means of radio com-
munication across the Atlantic Ocean from
Washington to Paris, and from Washing-
ton across the North American Continent
and over the Pacific Ocean as far as
Hawaii. Telephone communication has
also been established with a battleship at
sea, in which the land lines of the Bell Sys-
tem were used in combination with its radio
telephone system, which bridged the gap
between the seaboard. and the ship.
Studies, based upon these and many other
tests, have indicated that the true field of
wireless telephony is to extend the wire
system to points where telephone wires
cannot be constructed and maintained,
rather than for uses where wire systems
can be employed.

No single factor has played so great a
part in the amelioration of the conditions
of farm life in the United States as has
the telephone. Many hundreds of thou-
sands of telephones are today installed in
the farm houses of this country—so many
and so widely distributed that it is next to
impossible to secure accurate statistics of
their number. The National Bell Tele-
phone Company, in a rate circular issued
April 26, 1879, recognized in a prophetic,
anticipatory way the needs of these iso-
lated communities in the rural districts.
Special rates were made for lessees of a
telephone ‘“‘for use between residences
when connected on a single line or circuit
for social purposes exclusively.” Another
rate was given for leases for ‘“‘club pur-
poses,” which were defined as covering
cases where the residences, offices, etc., of
different parties were connected on any
single line or circuit. These were not ex-
change telephones, but represented an at-
tempt to serve a purely neighborhood
group. Under this form of lease a group
of farmers could establish a line and each
talk with all the others on the same line,

although, as they were not connected to
an exchange, they could not talk with any
person connected to another line.

The late Morris F. Tyler, when presi-
dent of the Southern New England Tele-
phone Co., operating in Connecticut, about
1881 began to develop this kind of tele-
phone use and carried it to its next logical
step, the connection of these lines to the
nearest exchange belonging to the com-
pany. An annual rental was charged for
the use of the instruments and lines within
the group of neighbors, because in Con-
necticut the lines had been built by the
company and not by the farmers. A small
toll charge also was made whenever any
of the club subscribers desired to reach
the exchange with which their circuit was
connected.

This was the beginning of the develop-
ment of telephone service in the United
States outside of the strictly urban dis-
tricts. The methods above described were
soon utilized in other parts of the country.
During the next few years, however, com-
paratively little was done to push this
form of service, as the extraordinary de-
mand for telephones in the cities and
larger towns not only took all the time and
attention of the executive but made such
demands upon financial resources that it
was impossible to devote any money to the
development of rural service.

In 1893, after the expiration of the fun-
damental patents on the telephone a num-
ber of companies began the manufacture
of telephone instruments. Inasmuch as
the demand in the cities was at that time
fairly well met, these manufacturers
undertook to aid in the development of
rural lines as a market for their instru-
ments. The movement was successful and
the number of telephones on farms was
greatly increased. The growth has been
constant ever since.
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CHAPTER 1V

THE CENTRAL STATION

THE BIRTH OF COMMERCIAL ACTIVITY IN

ELeEcTRIC LIGHTING

THe RivALRIES IN A NEW INDUSTRY.

HAT would the Story of Elec-

‘/ \/ tricity be without the Story of the

Central Station? Surely, it would
be minor in detail and devoid of much that
fascinates and interests the student of
electricity of today.

In the midst of the magnitude of the
electrical properties of today it is hard to
carry the imagination back to the time
when no central station existed or had even
been conceived—a time of only the span
of one generation and well within the
memory of men still living and active.

The First Central Station.

The year 1882 marks the constructed
conception of the first Edison station—the
hrst to fulfill our present conception of a
Central Station, that is, a source of electric
supply, divisible for sale to each and all
for every use. The standard of that sta-
tion was not maintained in some few suc-
ceeding years but its salient features orig-
inated and still constitute the most pri-
mary and vital features of Central Station
practice to this date, which is an extraor-
dinary tribute to the inventor, the more so
when one realizes the state of the prior art.

For the preceding eighty years a series
of apparently unrelated electrical discov-
eries had been an aimless progress with
no commercial impetus. Steam as a mo-
tive power had become available through
the invention of the steam engine by Watt
in 1769. Dynamic electricity, as generated
by chemical batteries, was discovered in
1800. The dynamo originated in 1831
with the discovery of electro-magnetic rota-
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tion by Faraday. He demonstrated it by
the spinning of a little copper disc between
the poles of a permanent magnet. The
armature was first wire-wound and the first
commutator built in 1832 by Pixii. The
field was first energized by a wire-wound
electro-magnet in 1845. The dynamo field
was first made of the multipolar type and
the fields first compounded in 1881. The
arc light was first produced in 1802 by
Davy and it was first publicly exhibited by
him in 1810, chemical batteries furnishing
the necessary current. These lights at-
tained little commercial importance until
1876, when Chas. F. Brush completed his
“system” of dynamo, arc lamps, regu-
lator and accessories. 'The Thomson-
Houston “system’ was completed likewise
soon afterward. The electric motor was
built first in 1833, antedating the dynamo,
and a motor built in 1838 propelled a
small boat. Various motors were built in
the following years, but not in a large,
commercial way until the introduction of
the Sprague motor in 1884. The in-
candescent lamp of high resistance type,
the basis of modern illumination, was
invented in 1879. A miniature elec-
tric raillway carried passengers at an
Exposition in 1879. The first storage
battery, then called a ‘box of elec-
tricity,” was built in 1881. No units
of electrical measurement were authorita-
tively defined until the Paris Electrical
Congress of 1881 adopted the ampere, the
ohm and the volt. These various advances
then had no commercial importance.  All
the devices were built of small size and
were not suitable for commercial use. The
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familiar construction materials of today
were not available, the inventor had even
to insulate his own wire.

The Birth of Commercial Activity.

The Centennial Exposition at Philadel-
phia in 1876 marked the birth of commer-
cial activity in electrical enterprises. No
such activity had existed previously except
in the telegraph.

The telephone invented by Bell was first
exhibited to the public at the Centennial
Exposition in 1876. Great public interest
was aroused. Commercial expansion re-
quired something more than the telephone
alone; that is, it required the counterpart
of the central station, or the telephone
exchange. The first exchange was built
in 1878, and from that date to this the
expansion in the use of the telephone has
been no less marvelous than that of its
kindred, the central industry.

The arc light was the next electrical ap-
plication to secure a commercial start.
More illumination in public streets than
gas afforded was needed; arc lights became
the new fad, and hundreds of street light-
ing plants were built, supplying cities and
towns everywhere. The movement had
its greatest force from 1880 to 1893, or
up to the time of the Chicago Exposition.

The development was accomplished by
“systems’’; that 1s, each inventor, dozens of
them, invented his particular dynamo, arc
lamps, regulators and accessories, known
as a ‘‘system,” each exploited by its par-
ticular manufacturing company, and all
competing intensively with each other.
Each local company was organized to se-
cure, or organized on the basis of having
secured, one contract; that is, the municipal
street lighting contract of its own city. The
contracts were for street lights of “2,000"
or “1,200"” candle power, later qualified
as ‘“‘nominal,”’ and otherwise much of the
form still prevailing; that is, for periods
of one to ten years, for hours of the night
from at or near sunset to at or near sun-
rise, or to 11 P. M., or to 12 P. M., or
excepting moonlight hours, variously
called all night, half night and moonlight
schedules, each with various qualifications.
These companies owned, operated, main-
tained and trimmed these arc lamps, most-
ly located in the streets, a few in stores and

public buildings, and sold light as distin-
guished from electricity. These com-
panies formed the nucleus, however, from
which in later years was developed the
central station industry.

The hours of lighting fixed the hours of
station operation, varying from 1,500 to
4,500 hours per year; hence, they fixed
many expenses. The idle, non-revenue
daylight hours of the many arc street light-
ing investments were an acute handicap to
a great body of ambitious men who wanted
to broaden the service; and this handicap
operated later, more forcibly than any
other visible conditions, to stimulate and
co-ordinate electrical undertakings and to
crystallize them into the modern central
station.

Edison was finishing his brilliant inven-
tions in the telegraph field when the arc
lighting systems were being exploited,
and turned his attention to incandescent
lighting, power, railway and other appli-
cations of electricity. He was active in
various directions, building a dynamo in
1878, but his crowning invention on Octo-
ber 21, 1879, was the high resistance in-
candescent lamp, the first incandescent lamp
built for parallel operation. This was
called “‘dividing” electricity, in the phrase
of that day, and created the greatest public
interest and excitement. The system was
condemned by many leading scientists, oth-
erwise very competent men. This ‘“‘divid-
ing” of electricity made a permanent im-
pression on the public mind. Today it is
the standard of distribution the world
over. As the champion of the divided sup-
ply of electricity, and with his small in-
candescent lamps, Edison proceeded with
the greatest courage to put his concep-
tions into concrete expression.

Two Edison stations were started in
1881-2. One in New York City, operated
by steam; the other, in Appleton,” Wis-
consin, operated by water power. The
station designer of today who has to select
an appropriate collection of apparatus to
be contained in a suitable building, does
not realize what designing meant in those
days. With little or no precedent for a
guide Edison had to conceive the necessi-
ties, invent, design and build not only the
dynamos but the station rheostats, switch-
es, ammeters, voltmeters, regulators, fuses
and all the numerous other things required
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within the plant. Nor did his labors stop
there, for he had also to create all the
various devices required in the distribution
system, including fuses, switches, sockets
and the like. And the miracle is that he
made a complete workable system.

The New York station of 1882 operated
in “‘parallel” at 110 volts direct current,
the engines were directly connected to dy-
namos, the boilers were water tube type,
Babcock & Wilcox make, and the distribu-
tion system was underground. Strange, is
it not, that this first American central sta-
tion initiated some of the best practice of
today, thirty-seven years later, when over
5,000 central stations are operating in the
United States.

The Edison system was installed in
some scores of cities during the next few
years. All these early Edison plants
operated incandescent lamps almost ex-
clusively. The current could be measured
by meters of an electrolytic type, but not
many plants used them. The meter plates
were weighed and the deposit of metal was
expressed in “lamp-hours.” One cent a
lamp hour was considered a very fair
charge, equivalent to about 14 cents per
kilowatt hour (our familiar friend, the
kilowatt hour was not christened or legal
until 1893-4). Most lamps were charged
for at a monthly rate. In form, then, the
early Edison stations sold illumination,
and not current. Arc lamps were rare on
these circuits.

The Sprague motor for Edison circuits
was first produced commercially in 1884.
The introduction of these motors was the
first distinct broadening of the Edison
commercial field. The service was suitable
for a great variety of uses, and in a way,
although a minor one, was beginning to
determine a wider usage.

The commercial situation had developed
to this point in 1886. The arc light com-
panies located in every city could extend
their circuits for some miles and reach
every part of the city, but only could sell
arc illumination and were hungry for a
wider field of service. The Edison Com-
panies located in few cities only, could sup-
ply in principle every need with the 220-
volt direct current service, but could de-
liver current only a short distance, a very
few thousand feet from the station.

The foregoing situation was revolution-
ized by the next development. The first
alternating current system with transform-
ers and parallel distribution built in this
country was constructed in 1885 at Great
Barrington, Mass., by William Stanley.
The Westinghouse Company had initiated
the development in this country. The arc

-

Edison’s first Generating Station at Appleton, Wis.

light companies quickly recognized the op-
portunity to add indoor incandescent light-
ing to their service, and within a few years

_hundreds of high voltage alternators were

set up alongside the older arc dyna-
mos, primary wires erected alongside
the arc circuits, and alternating cur-
rent distributed for incandescent light-
ing without those limitations of dis-
tance that were so restricting to the
Edison companies. The arc companies
had now made the definite start toward
furnishing a complete central station ser-
vice. The allied modern hydro-electric
development was started in 1890 by build-
ing a long distance line in the West to
transmit alternating current from a water
power station. All these earlier alternat-
ing systems were of high frequency; that
is, 125 or 133 cycles per second. Inte-
grating watt meters to measure the sales
of alternating current became available
with the inventions around 1888 of Shal-
lenberger and Thomson. One more great
invention was necessary to start the unifi-
cation of these various electric systems and
to promote the universality of electric
supply.

Nikola Tesla had been annoyed in some
early work by the sparking of a dynamo
commutator and his study of such phe-
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nomena was to be rewarded by one of the
greatest of inventions. The fruition came
in 1888 with his polyphase apparatus giv-
ing us the commutatorless alternating cur-
rent motor, with better means of extending
the limits of transmission, and of corre-
lating the work of alternating and direct
currents without restricting the usefulness
of either. The invention of Tesla marked
a great step onward, but was not fully
appreciated in the midst of other activities

The present Central Station of the New York
Edison Co.

of that date or of this. Thereafter hydro-
electric developments had a new and in-
calculable value.

Central station progress can hardiy be
understood without some knowledge of
concurrent commercial conditions. In the
earlier years there had been great rivalry
among the arc systems, and these then had
little in common with the Edison system.
The electric railways had nothing in com-
mon with either. The telephone compa-
nies sought to prevent the introduction of
electric railway systems with grounded cir-
cuits, as these nearly ruined the telephone
service which then overated also with
grounded circuits. The FEdison inter-

ests opposed the introduction of high
voltage alternating systems then insulated
with some uncertainty, and sought patent
control of incandescent lighting. But this
manufacturing rivalry and patent litigation
had to yield to the compelling force of
central station progress. The Thomson-
Houston Electric Company, then having
acquired control of most American arc
systems, and prominent in electric railway
installation, and the Edison General Elec-
tric Company, always the great champion
of low voltage direct current supply, con-
solidated in 1892 to form the present Gen-
eral Electric Company. The latter in turn
agreed with the Westinghouse Company,
at that time, as now, a distinctive leader
in alternating work, to pool patent rights,
and thus the field was cleared for the next
stage of central station growth.

The unification of electric supply, that
is, supplying from one station and one
type of generator electricity for each and
every purpose, had become possible with
the preceding inventions; manufacturing
and patent interests had been harmonized
to an important degree, professional re-
lations were more friendly, and the ten
years from 1893 to 1903, while partly
years of business depression, were marked
principally as the active years of develop-
ing central station inventions and methods
and absorbing them into general practice.
Central stations were becoming larger and
more truly performing their full functions.
Many such plants were built. At the same
time further needed inventions were made.
One in particular helped to simplify sta-
tion design. The old “open” series arcs
had required numerous small dynamos in
the stations, these dynamos not ordinarily
exceeding a capacity of 25 kw. These
dynamos had been driven by steam en-
gines, later by electric motors, in both
cases crowding the stations with small
units. With the invention of “‘enclosed” arc
lamps, current was taken from the main
generators, without its mechanical trans-
formation, the small generating units were
abolished, and generating units were con-
solidated. Many engineering practices
were also standardized and developed.
The periodicity of alternating circuits be-
came standardized, generally at 60 cycles
per second, in lieu of the earlier higher
frequencies. Transmission potentials in-
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creased from ten up to sixty kilovolts and
distances of transmission from thirty miles
to over one hundred miles; and the prac-
tice of delivering current to substations be-
came common. The uses of electricity
broadened in character and increased in
volume.

All these conditions helped the central
station industry immensely. The direct
connection of generator to engine became
the established practice. Previously, for
various reasons, electrical and otherwise,

reduced from somewhat over four to some-
what under three watts per candle. Never-
theless its great convenience and the small-
ness of units maintained its position for in-
door use against the far more efficient arc
lamp. But in 1906 the tungsten filament
lamp was introduced, and later the nitrogen
filled lamp, these having some three times
the illumination per watt of the carbon
lamp. A prejudicial effect was feared,
namely that the central stations would
sufter decreased electric consumption and
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The Fisk Street Station of the Commonwealth Edison Company of Chicago, IlL

belted generators were the practice, not-
withstanding the fact that the original Edi-
son station in New York was designed and
built with direct connected ‘‘Jumbo” units.
The growth of switchboard practice to
handle a greater energy and higher volt-
ages was another feature. The higher
transmission voltages permitted the build-
ing and use of hydro-electric plants at
increasing distances. Lighting stations,
so-called, began -to supply street railway
current. In general, the central station in-
dustry began to be unified, not only by in-
tention but by accomplishment.
Incandescent lighting had been estab-
lished with the carbon filament lamp, and
in the course of its use from 1882 to 1906
no marked increase of efficiency had been
effected—its current consumption had been

correspondingly decreased earnings. For-
tunately these lamps so stimulated illumina-
tion that on the other hand electric sales
have increased tremendously, stabilizing
and swelling the central station income.
No great inventions in electric motors,
other than those of Tesla, had occurred
since the central station industry started,
but the advances in engineering design, the
decreased cost, the application to new uses,
the constantly growing appreciation of
their convenience and economy, all pushed
by aggressive managements of the local
companies, had caused stationary motor
consumption of current to increase at a
higher rate than that of lighting current.
The growth of central station output
due to the cumulative effect of more and
more lighting, motor service and other
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uses, combined with larger areas of supply,
had reached such a point by 1903, that the
more important local companies could not
get engines large enough to keep the gen-
erating units in a station within the limits
preferred for the best economic results. At
that time steam turbines of a few hundred
kilowatt capacity had been developed to
drive electric generators, and a few had
been installed in central stations. It was
not then realized what a part the steam
turbine would soon play in the larger cen-
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Interior of a Modern Power House—The Essex Station of the Public Service Company of New Jersey,
Two 25000 KW Curtis Steam Turbines

tral station practice. At last one coura-
geous captain of industry insisted on a five
thousand-kilowatt unit, and the rest of the
story is short. The first all-turbine central
station was built in 1903 in Chicago with
5,000 kw. units. To-day 35,000 kw. units
are available, and I suppose larger ones
could be built if needed. Mechanical and
electrical limitations on the size of central
stations are now remote so far as any
present or prospective need is evident.
Likewise boilers are larger, steam pres-
sures are higher, vacuums are better, steam
1s superheated, and many other improve-
ments have been made. Not only has the
steam turbine removed restrictions of size
for central stations, but it has reduced the
steam consumption per kw. hour about one-

half. Realize what this means as the
furthest present reach in the expansion of
the industry. The earlier stations were
often under 100 kw. capacity, the latest
approach 200,000 kw. capacity.

This review has dealt with the stages of
progress, their causes and living economic
results rather than with the four station
walls and the throbbing masses therein of
steel, copper and insulation wrought into
such mysterious usefulness. A few words
about station practice is interesting.

The location of the earlier station was
close to the ‘“load,” without regard to coal
deliveries by rail or condensing water sup-
ply. The outputs were diminutive, hours
short, and engines non-condensing. The
housing of the earliest stations was often
in the cheapest wooden structure, some-
times partly of corrugated iron, sometimes
a basement or other factory space, occa-
sionally a brick building, and never with
any architectural effect. The steam supply
came from horizontal return tubular boil-
ers, with cheap iron stacks, in sizes of 75
to 125 h.p. and operated at about 8o Ibs.
The motive power was secured from high
speed engines, horizontal, center or side
crank, of 60 to 125 h.p. and with econo-
mies, low at best, dependent on valves of
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uncertain tightness. The dynamos were
all belted; those for Edison incandescent
system were of 30 to 60 k.w. each; those
for arc systems, of 30 to 50 lights (15 to
30 kw.) each; those for railway, of 60 or
62 kw. each. The switchboard instru-
ments had wooden backs and were screwed
to wooden frames or walls. No watt
meters were available to measure output,
nor any recording instruments. As sta-
tions, grew there followed an uncomfort-
able multiplication of boilers, engines and
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35,000 KW Curtis Steam Turbine in the Centra

dynamos. The above represented ordi-
nary practice up to 19o3 with important
exceptions. The Edison station practice
was much more advanced; it had better
engineering talent and more opportunity to
use it. Many of the larger arc stations
began to use Corliss engines and counter-
shafts after 1893 to drive groups of
dynamos.. As outputs grew, stations were
located alongside railroad spurs and acces-
sible to condensing water. All these prac-
tices improved gradually in the aggregate
as new stations were built and old ones re-
constructed and consolidated. By 1903
good practice in new stations required

Rt

water tube boilers, 140 lbs. working pres-
sure, compound condensing engines, 26
inches vacuum, direct connected generators
and marble or slate switchboards, all
housed in a fireproof station of attractive
design. Station outputs were outgrowing
the economic capacity of steam or gas en-
gines, and the steam turbine came to the
rescue. Those built about 1900 were of
100, 200, then 500 kw. capacity; in 1903
they jumped to 5,000 kw. capacity and
now to 35,000 kw., as previously stated.
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| Station of the Philadelphia Electric Company

The condenser usually of the jet type for
steam engines gave all needed vacuum at
26 inches. The highest possible vacuum
is advantageous for turbines, and con-
denser engineering meets the need with
surface condensers capable of. 29 inches
under stated conditions.

Stations today are untrammeled by in-
ternal conditions. Single boilers operated
at well over 200 lbs. can furnish steam
for not less than 10,000 kw. output. Single
steam turbines will generate over 35,000
kw. The dynamo, formerly the conspicu-
ous object in the station, is now lost among
auxiliaries, transformers and switchboards.
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Any needed output can be supplied, sta-
tions of one or two hundred thousand kilo-
watts are readily built. The problems are
external. To find enough condensing
water and coal storage are the essentials.

The feature of the last ten or fifteen
years has been the great expansion of cen-
tral station service. To make all the mag-
nificent inventions permitting the creation
of the industry has been a great task but
one requiring the services of but few great
men; to overcome the inertia of the gen-
eral public, to educate it, to make it as-
similate and absorb the invented appliances
actuated by so unknown an agency, has
been a greater task, and one requiring the
services of many men of the most varied
ability. It came to be realized by 1903
that small local service companies operat-
ing independently could not most fully
serve their communities. Such a company
could not risk the investment for the sup-
ply of power to the larger local manufac-
turers; it could not command funds freely
for other extensions; it could not afford
the many specialists needed for the inten-
sive development of new services; its
smaller station could not generate current
cheaply; it could not afford the best en-
gineers to keep down its expenses or to
plan and direct its construction work. A
continuation of these conditions would
have throttled the industry. How has the
situation been met? A large share, say
four-fifths, of the present volume of cen-
tral station business has been united under
the control of perhaps 100 companies,
either large ones within important cities
or “Holding Companies.” The latter are
so designated as being the holders of the
securities, or the property, of local oper-
ating central stations. These local prop-
erties are sometimes contiguous, and joined
by transmission lines, sometimes largely
in one State, or sometimes widely scattered
through many States, but in any case one
central management guides all, combines
the purchases, finances the growth and
standardizes the construction. In union
there is strength. Compared with the sep-
arate local companies the “Holding Com-
pany’’ management is better, purchases are
made in quantity cheaper, the financing is
adequate, the construction is superior. In
particular, the igrowth is stimulated in-
tensively by specialists to the advantage of

the Company and the still greater advan-
tage of the public.

These big city companies and holding
companies have extended transmission
lines to interconnect steam and hydro
plants and urban services until these cir-
cuits now form an almost continuous net
work from Montreal to the Gulf of Mex-
ico and thence to Chicago. Electric ser-
vice is now visualized, not as bounded by
urban limits but in state-wide terms. The
movement came most opportunely. Not
sooner. Could the large capital necessary
have been secured, nor sooner could such
able experienced and energetic men have
been available for the work. The exten-
sion of electric service has been tremen-
dously beneficial to the general public, al-
though the value of the service and the
effective labors of the ‘“Holding Com-
panies” have been little appreciated. This
period should be considered as the latest
and greatest of the central station industry.

The central station industry, unknown
thirty-six years ago, was created by a few
pioneers, often unrewarded for their work,
which now ranks among the great services
to humanity. Hardly a business or home
but uses the electric supply. As an illumi-
nant it preserves the purity of the air we
breathe; as an ozonator, of the water we
drink; as a heat source, of the food we
eat. It conserves human and animal labor
and does many things neither could do.
It transmits power from its point of origin
instantaneously to any selected point of
use. Electricity is indispensable to modern
life. Its usefulness cannot be measured.

The whole electrical industry in 1914
was exceeded by three industries only and
was growing faster than they. The three
were—food, textiles and iron. The values
of electrical products were about half
those of food, two-thirds those of textiles
and two-thirds those of iron with steel.

Statistics afford a measure of the magni-
tude of the industry. Full census figures
are not available earlier than 1902 nor
later than 1912.

The investment in central stations, ex-
cluding electric railways and plants oper-
ated privately by factories, hotels, etc.,
was well over two billion dollars in 1912.

A tabulation of census figures for 1912,
1907 and 1902 gives the clearest picture
of growth:
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Each five years has seen a doubling of

Statistics. 1912 1907 1902
Output in KWH. 11,532,963,006.  5,862,276,737.  2,507,051,115,
[ncome in Dollars 302,115,599, 175,642,333 85,700 605.
Generators in KW 5,134,689, 2,709,225, 1,212,235,
Av. Size in KW. 408, 223. 97.

The growth has been slight in number
of
Stations ........ 5,221, 4,714, 3,620.
Generators ...... 12,597. 12,173. 12,484,

The entrance and adoption into the in-
dustry of alternating current generators
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The central station industry doubles,
doubles and doubles again in magniture
with such ease and quietness that scarcely
anyone now appreciates the growth and its
influence not only on-industry but on our
very civilization. It is becoming the pre-
dominating material influence as the basis
of our civilization. The future sees no
end to the growth of the central station
industry. As respects territorial expan-

The River Station of the Buffalo General Electric Company
(A Descriptive Article of this great Station Appears on a later Page of this Volume)

(and their per cent in respect to other
types) and of steam and water turbines is
shown thus:

A. C. Generators. . 4,661, 199 2,221,773, 736,304.
Zato all types..... 91¢q, 81¢, 619,
team Turbines.. 3,054,456, 817,410, nominal

Water Turbines.. 2 471,081. 1, 349,087. 438,472.

The connected load on all central (and
railway) stations follows:

Arc Lamps...... 560,981, 635,815. 419,561.
Incandescents. ... 85,557,819, 45,991,836. 19,636,729.
Motors ....venen 435,473, 187,652, 111,113,
Motor H. P...... 4,130,619, 1,807,949, 473,693.
Meters .oveuenn. 3,617,189, 1,897,803. 639,290.

The latest figures above are for the in-
dustry five years ago. In the subsequent
six years to date the industry has grown
as never before and it is believed these
‘1912 figures have again been doubled.

sion, all urban homes and industries al-
ready have electric service. Many lines
already join groups of cities and towns.
Transmission lines are becoming continu-
ous. As more water powers are developed
the net work will grow. As more rail-
roads are electrified the service will be
spread immensely. Before many years
every city and town, all important rail-
roads and many farms will have electric
service available. Do not the railroads
and the farmers need it?

The great value of electric power for
steam railroads has been most convincingly
demonstrated on a large scale in recent
years. The principal problem is the one
of finance. For agricultural use there are
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numerous applications to lighten the bur-
den of the farmer. Invention and engi-
neering practice are adequate already and
it remains for our economic life to as-
similate and apply a greatly increased vol-
ume of applications. These may proceed
in an orderly and systematic way which
may be foreseen and predicted as to char-
acter and extent, but not in rapidity, the
latter depending on financial conditions.
We may look forward confidently to the
time a few decades hence when all fac-
tories, all steam railroads and many farm-
ers will use electric service and innumer-
able other uses for power, heating, etc.,
will multiply station output. The central
stations will then pump current into vast
transmission net works from a relatively
few stations of great size and economy,
and the present output will be multiplied
many fold. But what will the inventor do?
Certainly not remain idle. 'Who can fore-
tell the character of coming inventions?
Fantastic conceptions are necessary to fit
the case. Tesla may realize his dream of
transmitting unlimiting power through ter-
restrial distances without wires and a fit-
ting corollary would be to gather the
energy from celestial space.

No other industry so enormous has at-
tained such proportions in so few years.
It has absorbed the life energy of many
men. Dealing with so invisible an agency
has required great and peculiar qualifica-
tions of its developers. To appraise their
work adequately is impossible.

Edison is the father of the industry. He
conceived the central station idea and em-
bodied it in the Pioneer plant. He at-
tracted able assistants, among them Insull,
Kruesi, Andrews, Leonard, Lieb and
Edgar.

Thomson and Brush aided the later
rapid spread of the industry through the
arc stations of their systems which took
up the central station service.

Westinghouse first promoted the alter-
nating system and Stanley installed the
first alternating plant.

Tesla, by the polyphase current and the
rotating field, made the first commercial
alternating current motor, harmonized the
conflict of types of apparatus and removed
restrictions of distance in transmission.

Curtiss removed restrictions in size of

stations by inventing that type of turbine
with which the first all-turbine station was
equipped, the type since so largely used,
and Emmett has performed signal service
in its development.

Coffin stands supreme as contributing
more to create the magnitude of the whole
electrical industry than any one or many
men by his encouragement of invention
along useful lines, by his financial powers,
by his talent for organization, by his tire-
less energy, by his courage in introducing
and his abilities in selling new apparatus.

For many years in large cities the long
established Edison companies, now grown
to enormous proportions, have been de-
veloped and managed by able men, such as
Insull of Chicago, Lieb and Williams of
New York, Edgar of Boston, Dow of De-
troit, men who were pioneers in the indus-
try more than thirty years ago, men who
have worked with sound judgment, and
contributed immensely to the promotion of
the service. In later years the great hold-
ing companies that have spread the gospel
of electric service far and wide so effect-
ively have found their inspiration in such
men as Mitchell, Doherty and Byllesby.

Sargent is the engineer who has led the
way in the advance of central station de-
sign. Chicago is the location of the monu-
ments, greatest of his creations and of all
the world. Chicago knew no central sta-
tion when we once worked there together.

Finally, but foremost, is Samuel Insull
of Chicago. Starting as an aide to Edison
before the first station was built, he has
always been identified with the industry.
Cumulatively, in recent years, he has typi-
fied what is biggest and best. Builder of
the first all-turbine steam central station,
now leader in many electrical enterprises,
with rare vision and faith he is the bold
pilot to a stupendous future.

Why cannot these constructive labors
to conserve and enrich human life be ap-
preciated and honored more publicly than
the destructive efforts of many so-called
social reformers.

It has been my great privilege to serve
in this industry, to watch its birth and
growth and to know all the men above
mentioned (except two) and to know a
number of them intimately.

THEODORE STEBBINS.



THE STORY /7( ELECTRICITY 83
THE ORIGINA \RU

LES AND REGULATIONS ON
ELECTRIEAL FIRE HAZARD

The eftort to control the electrigal fire
hazard in the city of New York/by the
Fire Underwriters dates back to the be-
ginning of the commercial use of electricity
as a source of light and power. Rules and
regulations according to which electric
wiring and apparatus should be installed
were drafted by the Underwriters in con-
sultation with the electrical interests as
early as 1881. These rules have been
regularly and periodically revised since
that time in order to keep pace with pro-
gress in the art, and to meet developments
found to be necessary by experience in the
field.

It may be of some historical interest to
place in this permanent record a complete
copy of the Rules above referred to as
having been drafted in 1881, and which
were as follows:

NEW YOrk BoarRD FIRE UNDERWRITERS
(Boreel Building)
115 Broadway
Rooms Nos. 32 to 38
New York, October 19, 1881.

The New York Board of Fire Under-
writers at a meeting held this day, adopted
the following standard for Electric Light
Wires, Lamps, etc., subject to future addi-
tions.

1. Wires to have 50 per cent excess of
conductivity above the amount calculated
as necessary for the number of lights to be
supplied by the wire.

2. Wires to be thoroughly insulated and
doubly coated with some approved mate-
rial.

3. All wires to be securely fastened by
some approved non-conducting fastening

and to be placed at least 214 inches for
Incandescent lights, and 8 inches for Arc
lights, from each other, and 8 inches from
all other wires and from all metal or other
conducting substance, and to be placed in
a manner to be thoroughly and easily in-
spected by surveyors.

When it becomes necessary to carry
wires through partitions and floors, they
must be secured against contact with metal
or other conducting substance in a manner
approved by the Inspector of the Board.

4. All Arc lights must be protected by
glass globes enclosed at the bottom to ef-
fectually prevent sparks or particles of the
carbons from falling from the lamps, and
in show windows, mills and other places
where there are materials of an inflam-
mable nature, chimneys with spark arrest-
ors shall be placed at the top of the globe.
Open lights positively prohibited.

The conducting frame work of chande-
liers must be insulated and covered the
same as wires.

5. Where electricity is conducted into a
building (from sources other than the
building in which it is used) a shut off must
be placed at the point of entrance to each
building, and the supply turned off when
the lights are not in use.

Applications for permission to use elec-
tric lights must be accompanied with a
statement of the number and kind of
lamps to be used, the estimate of some
known electrician of the quantity of elec-
tricity required, and a sample of the wire
(at least three feet in length) to be used,
with a certificate of said electrician of the
carrying capacity of said wire. The appli-
cations should also state where the elec-
tricity is generated, whether the connection
will have metallic or ground circuit, and
as far as possible give full details of man-
ner in which it is proposed to equip the
building.

Applications should be sent to Wm. M.
Randell, Secretary of the Committee on
Police and Origin of Fires.

Wwm. W. HENsHAW, Secretary.

The National Electrical Code was
originally drawn in 1897 as the result of
the united efforts of the various Insurance,
Electrical, Architectural and Allied inter-
ests; and is published by the National
Board of Fire Underwriters and distrib-
uted free of cost to every one interested
in the subject. These rules almost with-
out exception form the basis of all State,
municipal, or other electrical inspection de-
partment requirements throughout the
United States and Canada, and are under
the direction of the Electrical Committee
of the National Fire Protection Asso-
ciation.
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THE STEAM BOILER AND ITS RELATION TO
THE ELECTRICAL INDUSTRY

The following article prepared on the
Babcock & Wilcox Co. is particularly
appropriate in this chapter on the Central
Station.

By far the most important branch of
the electrical industry is the generation of
current for light and power purposes, and
there is no industry so closely related to
this branch as that of steam production.
Electric generators are almost universally
driven by one form or another of steam
prime movers. It is true that within the
past few years water power has been used
to a greater extent as a source of energy
for the generation of current, but a fact
frequently overlooked is that, almost
without exception, water power plants are
supplemented by steam plants of equal
capacity to obviate the possibility of inter-
ruption of service. Further, the modern
steam plant is generating Ppower as
cheaply, if not more cheaply, than water
power plants under conditions most favor-
able to the latter.

In 1878 and 1879 Siemens and Jab-
lochkoff, in Paris, were demonstrating the
practical application of electric current to
lighting purposes, and in 1879 Brush and

Thomson were developing arc lighting sys-’

tems in this country.

Thomas A. Edison revolutionized elec-
tric lighting methods by the introduction
of the incandescent light and a compre-
hensive system of generation and distribu-
tion of electricity. His experiments pre-
ceding the introduction of his system were
conducted at Menlo Park, N. J., in 1878
and 1879, and it is of interest to note that
the source of his power was a boiler of
the water tube type rated at 75 horse-
power and manufactured by Babcock &
Wilcox, engineers.

Edison’s incandescent lamp was first
shown outside his laboratory in 1880, and
in the late fall of that year the laboratory,
workshops and many of the surrounding
private houses were lighted each night by
the new system.

In 1880 Edison equipped a building at
Menlo Park for the manufacture of in-
candescent lamps, and for a period of
some months the light and power was sup-
plied to this factory from the laboratory

by an overhead line. In the early part of
1881 the “lamp works” was equipped with
its own power plant, a Babcock & Wilcox
boiler of 75 rated horsepower being sup-
plied for steam generation. The “lamp
works” were moved complete to Harri-
son, New Jersey, in May 1882, and later
additional Babcock & Wilcox boilers were
installed in the new plant.

The first central station for incandescent
lighting established in the world was that
erected at §7 Holborn Viaduct, London,
in 1881 and 1882. A Babcock & Wilcox
boiler of 146 horsepower supplied the
steam for the Porter-Allen engine which
was direct connected to the No. 2 Edison
“Jumbo” generator. This unit was first
started January 12, 1882, and after the
addition of a second unit the Holborn Via-
duct was started in practical operation on
April 12th of the same year.

The Holborn Viaduct station was n
reality an exhibition central station plant,
primarily for the purpose of demonstrat-
ing abroad the practicability of the Edison
system. Having fulfilled the purpose for
which it was installed, it was dismantled
about 1884.

The first central station for the com-
mercial distribution of electricity for in-
candescent lighting was the historic Pearl
Street station of the Edison Electric
Iluminating Company of New York (now
the New York Edison Company), which
was placed in commercial operation Sep-
tember 14, 1882. In referring to this sta-
tion, “Fdisonia, a Brief History of the
Early Edison Electric Lighting System,”
compiled and published under the auspices
of the Committee on St. Louis Exposition
of the Association of Edison Electric
Illuminating Companies, says:

“This was the station which did the
remarkable work of demonstrating
not only the practicability, but also
the commercial success of the Edison
multiple arc system—that epoch-
making series of Mr. Edison’s inven-
tions from the steam dynamo to the
lamp, including the dynamos, regula-
tors, fceder and main system, under-
ground distributing system, safety
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fuses, cut-outs, switches, sockets,

meters and, last but not least, the

crowning achievement — the incan-

descent lamp.”

This station contained six dynamos of
the Edison “Jumbo” type, each with a
capacity of 1200 “A” or 16 candle-power

lamps of 110 volts, 0.75 amperes, or
100 kilowatts per unit.

approximately
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the day, on the basis of 11 square feet per
horsepower, or 216 horsepower each.
The drum heads were of cast iron, as were
the headers. The boilers were built for
a safe working pressure of 150 pounds
and the safety valves were set at 140
pounds, a figure considerably in excess of
the pressure ordinarily carried at that
time. The boilers were hand fired, and it

Figure 1. Photograph of the Model of the old Pearl Street Station Exhibited at the St. Louis Exposition

The dynamos were originally driven by
Porter-Allen engines, which were subse-
quently replaced by Armington & Sims
engines.

Steam was supplied by four Babcock &
Wilcox water tube boilers, thus establish-
ing at the very beginning of central sta-
tion practice the close relation between this
boiler and the electrical industry.

Each boiler consisted of 14 sections of
8 tubes 18 feet long, connected to two
36-inch drums and containing 2400 square
feet of heating surface. The boilers were
rated, in accordance with the practice of

is probable that the capacities developed
were little, if any, greater than their nor-
mal rating.
“Edisonia,” quoted above, refers to
these boilers in the following manner:
“As an evidence of the life of this
class of apparatus (Babcock & Wil-
cox boilers), it may be of interest to
note that from the time this station
was put into service September 4,
1882, until March 31, 1894, they
were in constant service at this sta-
tion under very severe conditions;
they were then removed and put into
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service at the s53rd Street station,

where they continued in regular serv-

ice until May 22, 1902, nearly twenty
years of practically continuous hard
service.” )

An idea of the general layout and size
of this, the first commercial central sta-
tion, may be obtained from Fig. 1, which
is reproduced from a photograph of a
model exhibited in 1904 at the St. Louis
Exposition.

Some idea of the truly remarkable
increase in power developed in central sta-
tions may be obtained from a comparison
of the Pearl Street station capacity and
that of the New York Edison stations as
they exist today. Against the total rated
output of the Pearl Street station of 600
kilowatts, the New York Edison Company
stations today have a total rated capacity
of 315,000 kilowatts. Against a total
rated capacity of 864 boiler horsepower
for the original stations, the present New
York Edison plants have a rated capacity
of 123,000 boiler horsepower, and all
of these boilers were manufactured by
the Babcock & Wilcox Company. It is
to be remembered, too, that while in the
original plant ratings above normal were
not sought or obtained, in the present
plants ratings of 250 to 350 per cent are
regularly obtained over peak load periods.

A more detailed comparison of the
boiler and prime mover equipment of the
first central station and a modern plant is
of interest, and for such comparison the
various stations of the Commonwealth
Edison Company of Chicago may be taken
as typical of present day practice.

The first of the units installed for the
Commonwealth Edison Company, erected
in 1902 and 1903, indicate the remarkable
advance in power plant equipment and
operation in the twenty years following
the Pearl Street station. At this time the
Commonwealth Edison Company installed
the first 5000 kilowatt turbine erected in
this country, and for this unit, which had
a maximum rated output of 6000 kilo-
watts, eight Babcock & Wilcox boilers
were supplied, each nominally rated at 500
horsepower, or a total of 4000 rated
horsepower.  These boilers were of
wrought steel construction, built for a
working pressure of 200 pounds, each
boiler being made up of 18 sections of 14

tubes 18 feet long and connected to two
42-inch drums. The increase in the size
of the turbine and boiler units, together
with the boiler capacity furnished per untt,
is shown in the following table and gives
ample proof of the truly remarkable
advance in central station practice:

Max. Rat- Number Rated
ing of Tur- of Rated H.P. Boiler H.P.
Date bine—Kw. Boilers Each Total per. Kw.

1903 6,000 8 500 4000 666
1905 12,000 8 500 4000 %383
1908 14,000 8 500 4000 .286
1910 20,000 10 568 5680 284
1912 20,000 4 1220 4880 244
1912 25,000 4 1220 4880 195
1915 30,000 g 1220 6100 203
1916 30,000 4 1351 5404 180
1916 35,000 5 1220 6100 174
4

1916 35,000 1351 5404 154

An idea of the change in boiler room
practice and appearance between 1882
and the present time may be seen from a
comparison of Fig. 2, a portion of the
boiler room of one of the Commonwealth
Edison Company’s plants, and the illustra-
tion of the Pearl Street station.

The first Commonwealth installation as
compared with the Pearl Street boilers and
successive Commonwealth installations
indicate not only a tendency toward
increased unit size but also the capacities
expected from a given amount of boiler
heating surface. In the Pear]l Street sta-
tion of 1882, 864 rated boiler horsepower
were furnished for a total rated output of
600 kilowatts, or 1.44 rated boiler horse-
power per kilowatt. In the 1903 installa-
tion at the Commonwealth Edison Com-
pany 4000 rated boiler horsepower were
supplied for a 6000 kilowatt generator
set, or .666 rated horsepower per kilowatt
output. The two latest installations of
35,000 kilowatt sets show .174 and .154
rated boiler horsepower supplied per kilo-
watt output for the five 1220 and the four
1350 boiler horsepower units respectively,
or, in the lattcr case, about one-ninth the
rated boiler capacity per kilowatt output
supplied for the Pearl] Street station.

The 1350 horsepower Babcock & Wil-
cox boilers represent the highest state of
development in large central station boiler
units. These boilers are made up of 42
sections of 15 tubes 20 feet long and con-
nected to a cross drum of the marine type,
60 inches in diameter. They are of
wrought steel construction throughout and
are built for a working pressure of 260
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pourids to conform to other units in the
plant. Other Babcock & Wilcox boilers
of this design for 350 pounds working
pressure have been built and are in suc-
cessful operation. FEach boiler, which is

steel cased, is equipped with an integral
Babcock & Wilcox superheater designed
to give 200 degrees of superheat at a rate
of evaporation of 110,000 pounds per

boilers, with its grates, exclusive of brick-
work, weighed approximately 51,400
pounds. One of the latest Commonwealth
Edison Company boilers, with its super-
heater, stokers and casing, exclusive of
brickwork, weighs 524,200 pounds.

As against the capacity of the Pearl
Street station, namely, 600 kilowatts and
864 boiler horsepower, the five Common-

Figure 2. A Section of the Modern Boiler Room in One of the Commonwealth Edison Company's
Chicago Plants as Compared with the old Pearl Street Station Shown on a Preceding Page

hour. It is interesting to compare this
steam output with that of the Pearl Street
boilers, each of which delivered approxi-
mately 6500 pounds of steam per hour.
Each of these boilers is fired by two Bab-
cock & Wilcox chain grate stokers, having
a total of 333 square feet of grate surface,
and the capacity given above is obtained
when burning a low grade of Illinois coal.
A comparison of the weight of one of
these units with that of one of the Pearl
Street boilers perhaps gives an idea of the
difference in size. Each of the Pearl Street

wealth plants, all located in the city of Chi-
cago, have a total rated boiler capacity of
126,000 horsepower and a total output of
440,000 kilowatts.

It is true that the Commonwealth plants
are among the largest central station
plants in the world. The practice of the
Commonwealth Edison Company, how-
ever, as to generators, prime movers and
boiler equipment and operation is typical
of the central station practice of the day,
and the boilers manufactured by the Bab-
cock & Wilcox Company are universally






CHAPTER V

ELECTRICAL ENGINEERING AS A PROFESSION

HE idea of human control of elec-

tricity seems to have existed, at

least in its negative form, in the
earliest days of recorded history. It does
not appear that the ancients had any con-
ception of the electric current except as it
forced itself on their recognition in its
most visible manifestation in the lightnings
which then, as now, awed humanity. Thus
circumscribed, the ancient view of it was
that this, at least, was a force that was
uncontrollable. The Book of Job (thought
by many scholars to be the most ancient
remnant of Hebrew literature) presents
Jehovah as including in a summary of
Job’s human limitations this query:
“Can’st thou send lightnings that they

may go,

And say unto thee, ‘Here we are?’ ”
Three thousand or more years later this
ancient inquiry received its first partially
afirmative answer from Benjamin Frank-
lin’s experiments in 1747-50. Other an-
swers have since come through other in-
vestigations: at first gropingly, but in more
recent years with increasing confidence
through the science and art of electrical
engineering.

Whether we contemplate electricity
from the viewpoint of the physicist, as a
form of matter, or from that of the elec-
trical engineer, as a form of energy, it is
the treatment of it from the latter stand-
point that has made it a rejuvenating and
reconstructive force in the world’s indus-
trial and social life and activity.

The term “‘electrical engineer” is of
very modern origin, although one now
representing, more than any other profes-
sional title, the progressive aspect of mod-
ern industry. In fact, until about the
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middle of the eighteenth century the tei.n
“Engineer” itself was a purely military
one applied to those who devised and con-
structed engines of war or executed works
intended for military purposes. It was in
1747 that the first technical school was
established as a drawing-school — the

Fcole des Ponts et Chaussee. It was re-
organized into a school for the training of
engineers for the Government service.

The Ecole Polytechnique, founded in
1794, primarily to fit men for the engineer
and artillery corps of the French Army,
set a high scientific standing for that serv-
ice, but also had a marked effect upon civil
practice because many of its graduates
made their way into private pursuits.

In the latter half of the eighteenth cen-
tury engineering of works of a non-military
character began to be recognized as a dis-
tinct profession and as the age of machin-
ery opened up those who became techni-
cally proficient in such matters began to be
called “mechanical engineers,” although
at first merely as a specialty of individual
civil engineers. The training of the civil
engineer, except in the two primarily mili-
tary French schools before named, was
not in college or technical school. It was
scarcely recognized as a separate profes-
sion, but was usually combined with that
of architect in England and America. Sir
Mark I. Brunel, who was trained in France

(¥icole des Ponts et Chausées) and served
in the French Navy, afterward practiced
as ‘“‘architect and civil engineer” in New
York, before going to fame and knight-
hood as a great engineer in England; and
his famous son, I. K. Brunel, designer of
the Great Britain, the first ocean screw
steamer ; the Great Eastern, long the larg-
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est vessel in the world, and many great
docks, bridges and railways, was also
French educated, though English born.
John Smeaton, who planned Eddystone
lighthouse, was a lawyer, who studied en-
gineering by travel and observation, and
founded in 1771, after he had made his
fame, the first engineers’ club in the world,
afterward and still known as the Institu-
tion of Civil Engineers. Of the great in-
ventors, Newcomer, who invented the first
practical steam engine, was a blacksmith;
James Watt, who so improved it as to
make steam attain world-wide acceptance
as a motive force, was a mathematical-
instrument maker; and George Stephen-
son was operative engineer when he con-
structed the locomotive which earned him
the title of ‘“father of railways.” He
seems to have been the first of the great
engineers to be speciﬁca]ly known as a
“mechanical engineer,” and was the
founder (1847) and first president of the
Institution of Mechanical Engineers.

The profession of Mechanical Engineer
acquired great prominence, its importance
increasing with each decade of the nine-
teenth century, which became distinctively
the Age of Machinery. Following the dis-
tinctive creation of Mechanical Engineer-
ing as a separate profession came another
form, which partook of the character of
both civil and mechanical engineering as
applied to mines, with much specialization
in mineralogy, metallurgy and in more re-
cent years of chemistry. The profession
of Mining Engineer gained recognition as
a special branch. So far as technical edu-
cation is concerned, it was first recognized
in Germany. The first institution in that
country having any of the characteristics
of a modern engineering school was the
‘School of Mines, founded at Freiburg in
order to develop engincers for working
the mines in the neighborhood.

The growth in importance of engineer-
ing branches has been fairly marked, or
rather followed, by the institution of tech-
nical schools. In the United States the
Rensselaer Polytechnic  Institute was
founded in 1824 by Stephen Van Rensel-
aer as a school of theoretical and applied
science, and it has been almost exclusively
devoted to the training of civil engineers.
The demand for scientific training in uni-
versities led to the foundation of the Shef-

field Scientific School at Yale in 1847, and
the Lawrence Scientific School at Harvard
in 1848. The Massachusetts Institute of
Technology was chartered in 1861, but
because of the Civil War did not organize
its first classes until 1865. The Worcester
Polytechnic Institute, opened to students
in 1867, made a notable departure by pro-
viding systematic instruction in workshop
practice as an essential part of the course
in mechanical engineering, a feature that
has been copied in practically all the tech-
nical schools of collegiate grade now giv-
ing instruction in mechanical and electrical
engineering in the United States. The
School of Mines of Columbia College
(now University) was organized in 1864,
and under its general jurisdiction have
been organized the several technical and
engineering schools of that institution.
The opening of the Stevens Institute of
Technology at Hoboken, N. J., in 1871
and the Sibley College of Mechanic Arts
of Cornell University in 1872 was the be-
ginning of the rapid development of
schools of technology all over the United
States, the earlier ones including Purdue
University, Lafayette, Ind.; Rose Poly-
technic Institute, Terre Haute, Ind.; the
Michigan School of Mines, Houghton,
Mich.; Case School of Applied Science,
Cleveland, Ohio; Armour Institute of
Technology, Chlcago, Il ; besides the en-
gineering departments of Lehlgh Univer-
sity, Ohio State University, Washington
University (St. Louis), and the Universi-
ties of Michigan, Wisconsin, Pennsyl-
vania, California, Illinois and other
States. In nearly all of these institutions
special schools or departments, or at least
special chairs, of electrical engineering are
a prominent feature, with full recognition
of the fact that Electrical Engineering con-
stitutes a distinct profession.

Great scientists had discovered many of -
the principles and phenomena of electrical
science long before the mechanical activi-
ties based upon them were formulated into
practice. 'The telegraph, the electric prin-
ciples of which were based upon a series
of discoveries, was made practical by
Morse and came into world-wide use,
spanning oceans, before the other mani-
festations of electric energy as applied to
the generation and distribution of light
and power had been made practically
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available, and before even the term “elec-
trical engmee1” had come into general
use. It appears that in 1868 W. N. Tiddy
established at 12 Prince’s Street, Hanover
Square, London, a ‘“School of Telegraphy
and Electrical Engineering.” It seems to
have been chiefly a telegraph school at
first, specializing in submarine telegraphy,
but by the year 1884 its courses also in-
cluded ‘‘electric lighting, including the
management of prime motors, arc and in-
candescent lamps, accumulators, etc., and
instruction in the various applications of
telephony that have been carried into prac-
tice.”

In “Edison: His Life and Inventions”
(Dyer & Martin, New York, 1910) the
advertisement is reproduced in facsimile
from the Telegrapher, of October I,
1869, of Pope, Edlson & Co., as “elec-
trlcal engineers.”” This was the first
“professional card,” if it may be so de-
scribed, ever issued in America or any-
where else, by a firm of practicing electri-
cal engineers. The members of the firm
were Thomas A. Edison and Franklin L.
Pope, a distinguished inventor, writer and
expert, who became president of the
American Institute of Electrical Engineers
in 1886. This enterprising young concern
was active and prosperous, while it lasted,
and before the partners drew away into
distinctive orbits; but its practice would
appear to have been limited to telegraphic
problems and inventions.

An article on “Instruction in Electrical
Engineering” in the Electrical World of
October 4, 1884, says: “We are glad to
see that the Stevens Institute, Cornell Uni-
versity and one or two other places are
paying to practice the attention it requires,
and from their classes many valuable ac-
cessions to the ranks of electrical engineers
are now to be expected.”

In a reminiscent paper read to the New
York Electrical Society on November 23,
1912, the late Horatio A. Foster tells how,
in October, 1884, having been connected
with a railroad contractor in Eastern
Pennsylvania “as paymaster, bookkeeper,
and incidentally engineer,” he received a
copy of the Springfield (Mass.) Repub-
lican in which was a short paragraph
headed “New Occupation for Young Men
—Electrical Engineer.” He goes on to
say that this was an entirely new occupa-

tion to him, and the first time he had seen
the combination “electrical engineer,” but
the article interested him, and he showed
it to his contractor-employer with the re-
mark that he would like to go into the pro-
fession it described. The contractor read
the article and told Mr. Foster that the
matter could be easily arranged, as his
partner had made a large investment in
the Daft Electric Motor Company and
would doubtless take pleasure in introduc-
ing him to the officials of that corporation.
Thus he entered the electrical profession,
his first jobs being winding field magnet
coils, assisting in armature winding, ma-
chine testing, assembling, etc. He said:
“There were no schools at that date fur-
nishing an electrical education. I was ad-
vised by Mr. Daft to purchase Kempe's
‘Telegraph Engineer,’ Gordon’s ‘Electricity
and Magnetism,’ and, much to the surprise
and pleasure of everyone, found a book,
Thompson’s ‘Elementary Lessons in Elec-
tricity,” which has continued to be, in its
numerous editions, an important text-
book.  This, together with work in the
office or in testing, and through talking
with such few electrical engineers as there
were at that time, comprised practically
all the education that one could then ac-
quire before going into the field.”

The American Institute of Electrical
Engineers was established in May, 1884,
and in 1885 the society had three hundred
members and associates, but at that time
the profession had not become fully spe-
cialized and of its members many, if not
most, were mechanical engineers who re-
garded electrical engineering as a branch
or specialty of their main profession. This
was the general view at that time, just as,
a quarter century before, mechanical engi-
neering had been looked upon as a branch
of the profession of civil engineer.

About 1882 Dr. Werner Siemens spoke,
at a meeting of the German Electrical So-
ciety, upon the desirability of founding, 1n
all the technical colleges, professorships
for electrical engineering. The sugges-
tion was taken up by the technical colleges
and professional schools of Germany so
eagerly that Dr. Siemens, speaking before
the same society a few years later, de-
clared that his suggestion had been mis-
understood as if he had advocated the
establishing of professorships for the pur-
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pose of educating a special class of engi-
neers, viz., electrical engineers. It was
Dr. Siemens’ idea that electrical engineer-
ing was not a separate profession but a
branch of that of the mechanical engineer.
The instruction in German universities, at
that time, seems to have been chiefly theo-
retical, but at Cornell, Yale, Harvard,
Stevens Institute and the Massachusetts
Institute of Technology the course was
very practical, being the course in me-
chanical engineering chiefly up to the third
year, with very thorough specialization in
electrical subjects during the fourth year.
But from 1890 on the electrical indus-
try expanded so rapidly that there was im-
perative call for men of the right training
and proper caliber to undertake the put-
ting into concrete shape and appropriate
application the new ideas that were con-
stantly widening the scope of usefulness of
electricity. The need was for closer spe-
cialization, and a large number of young
men, starting active careers in the last
decade of the nineteenth century, made
rapid progress to prominence because of
specialization in a particular branch of the
electrical industry. In the development of
the electrical profession the value of tech-
nical training has been amply demon-
strated. Electrical corporations have, not
without reason, shown marked preference
for electrical engineers who have gradu-
ated from a college or technical school.

Professor Francis B. Crocker, in an ar-
ticle in the Saturday Evening Post, June
22, 1901, tells how, having personally fol-
lowed the careers of several hundred men
in electricity, he had become convinced
that they had gone ahead more rapidly
than would have been possible in any
other line of human effort. He estimated
that nearly all of them make a good living
within a year or two after they graduate,
and achieve substantial success within
three or four years. He cited instances of
young men who reached prominent posi-
tions and won national reputation within
five years after their graduation from
Columbia University. One of these had
become the chief engineer of the Niagara
plant, the largest in the world; another
was professor of electrical engineering in
a prominent university, another had be-
come chief engineer of a well-known

manufacturing company in less than two
years after graduation.

One of the reasons for the rapid ad-
vancement of electrical engineers as seen
by Professor Crocker was the fact that the
industry was new and had expanded enor-
mously, forcing men ahead. Another was
that electricity is a peculiar subject. Per-
haps analysis of the endowment required
for eminence in the profession of electrical
engineering has never been better pre-
sented than in the following paragraph
from Professor Crocker’s article:-

“In its pursuit general intelligence or
knowledge is not sufficient for pronounced
success. A man possessing special taste
for it soon differentiates himself from the
others working alongside who may not be
endowed with the same advantages. Such
a man will forge ahead of his fellows at
a rate that is absolutely impossible in any
other calling in the world. The successful
engineer has more than mere ability. He
is gifted with special talent, like the suc-
cessful artist or musician. Electricity is,
to my mind, the only mechanical pursuit
that has ‘soul.” The successful electrician
is born. Many of the qualities that are his
are intangible, just as the fine musician’s
are. But there must also be tangible qual-
ities, certain fixed mental traits. He must
have great mental alertness; the ability to
think quickly, to grasp a given situation at
once. He must be of an analytical turn
of mind—that is, be able to reason from
cause to effect and vice versa. In electric-
ity one thing follows from another with
absolute certainty.”

It was stated as Professor Crocker’s be-
lief that the proper attitude of the electric
worker is that of willingness to accept in-
novation, and not of prejudice against it.
“It 1s the first duty of an electrical worker
to fall in with rapid advances and radical
departures. Therefore a necessary quali-
fication for the successful electrician is an
interest in things that are new because they
are new. Any one with a strong conserva-
tive tendency would be at a disadvantage
in the electrical field. This is probably the
reason why Americans have got along
faster than any other nation in the devel-
opment and use of electricity. An Amer-
ican prefers a thing that is new, whereas
a foreigner considers newness in itself an
objection. The man who is interested in
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ancient literature or in arch®ology cares
little for electricity. That is a fact I have
observed among my own friends.”

With the progress of the years, electri-
cal engineering has reached a point where
it does not have to argue about its profes-
sional standing. In consequence of its
many new phases it now represents count-
less activities which, first welcomed as con-
veniences, have so favorably impressed
themselves in their reactions upon life and
industry as to entitle them to be consid-
ered as necessities of our broadened civil-
ization. As a matter of fact the electrical
engineer has advanced to a position that
is paramount among the various branches
of modern engineering. The latest edition

of the Encyclopedia Britannica, after dis-

cussing the several subdivisions of the en-
gineering professions, enumerating mili-
tary, civil, mechanical, naval, samtary, gas
and chemical engineering, says: ‘“‘The last
great new branch is electrical engineering,
which touches on the older branches at so
many points that it has been sald that all
engineers must be electricians.”

Yet the profession is still a young one,
and some of those who are rated as vet-
erans in it are scarcely middle-aged.
Among the most prominent are men whose
courses of preliminary training showed
great diversity. Among them are not a
few who, having begun their business life
in other vocations, afterward entered the
electrical field because of the sudden
growth of electrical business and attractive
opportunities offered by it, while others
have come into it by the regular course of
training in college or professional school,
followed by experience in shop and field.
It used to be a matter of argument as to
whether the so-called ‘‘practical” man,
who graduated from the machine shop, or
the graduate of university or professional
school was the better prepared. In the
past, especially in the period from 1885
onward, some of the most successful elec-
trical engineers were indisputably of the
class of practical men with little or no
theoretical training. The conditions have
very greatly changed since the days they
became prominent. In the early days of
the electrical profession there was com-
paratively little of settled theory or pre-
determined data of results. Such data as
were used were mere approximations and

much of the work was mere guesswork.
But in the progress of electrical science
such development in exactness has been at-
tained that no excuse remains for rule-of-
thumb methods, and exact theory enters
into all work. Where an art is in a sta-
tionary condition a practical man may by
long familiarity become so familiar with
its apparatus and processes as to be quali-
fied for engineering practice. But in elec-
trical engineering the rapidity of growth
of the art surpasses all precedent. New
discoveries cause changes and elaboration
of electrical theory which lead to constant
change, modification and improvement in
the design, construction and operatlon of
electrical machinery.

Under these circumstances of constant
revision and expansion the man whose
knowledge is based only upon his practical
experience is at a disadvantage. Many
men who in the earlier years of the profes-
sion attained prominence in it have found
themselves wholly unable to keep up with
its rapid progress. Not that all those
whose entry upon the profession was with-
out theoretical training have been left be-
hind.  Professor John Perry, F.R.S,,
former president of the Institution of
Electrical Engineers of Great Britain,
speaking upon this identical subject, re-
ferred to a very important class of engi-
neers when he said, in his inaugural ad-
dress:

“Some of the best engineers I know are
so exceptional that one must class them as
geniuses. They have faculty and charac-
ter, and so they have become engineers
even under the most unfavorable circum-
stances. They have passed through ordi-
nary schools, and yet have developed com-
mon sense. They were pitchforked into
practical work, and their liking for the
work, as well as some curious kind of in-
stinct, led them to pick up all sorts of
knowledge which has become part of
their mental machinery. They continue to
pick up new kinds of knowledge when
these become necessary for their profes-
sional work.

“Unfortunately these men do not real-
ize how exceptional they are, and they
advise boys to go direct from schools into
works. They forget that the other 99 per
cent of men treated in the same way as
themselves can only become the hewers of
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wood and drawers of water to real engi-
neers. Treated in this way, average boys
are just like so many sheep; they learn
just what seems absolutely necessary and
no more; their acquaintance with the sci-
entific principles underlying their trade is
a hand-to-mouth knowledge which becomes
useless when their trade undergoes devel-
opment. Such men are soon left behind.”

There are among the men who entered
the electrical engineering profession from
the practical work in shops some who not
only rank evenly with their college-bred
confréres as professional engineers with
reference to their practice, but who are
also as familiar as any of them with the
underlying electrical science. But their
road to that goal has been much harder
than that of the man who has gone
through the-regular courses of technical
instruction and has taken up the practical
work after graduation. The mind trained
to scientific reasoning and theoretical study
finds it more easy to adapt its mental proc-
esses to the changes that come from new
discovery and deeper knowledge than does
one who has never had the benefit of such
training. With the great advance in the
science itself the course of study required
for adequate preparation has taken on a
wider range. Electrical engineering is
now the most scientific of all engineering
professions. The successful electrical en-
gineer must have a special training in
mathematics, physics, chemistry and me-
chanics, as well as a complete course of
studies in theoretical electricity and mag-
netism, and in thermodynamics. Daily
practical work with machinery operating
by the principles covered by and illustrat-
ing the phenomena incident to the theory
he is studying will impress it upon his mind
much more firmly than the definitions of
the text-book. One of the most important
factors in the making of the American elec-
trical engineer has been the plan of follow-
ing up his graduation with an apprentice
course in one of the large electrical manu-
facturing establishments, where the young
engineer’s knowledge is rounded out by
opportunity to operate and study larger
machines and a greater diversity of them
than can possibly be available at any of the
colleges, besides experience in the design-
ing departments where plans and details

are made for every kind of electrical ap-
paratus.

It has often been noted in relation to
college courses of every kind that the grad-
uate is likely to look upon his sheepskin
as a certificate that he knows all there is
to be known of the subjects covered in his
course. This is, of course, a very erro-
neous view on the part of every young
graduate who entertains it, but especially
so in the case of the newly diploma-
invested electrical engineer, and the entry
upon the apprentice course is especially
valuable as a means to set him right on
that subject. It is almost the unanimous
opinion of those who have written upon
this subject that the work of the appren-
tice course, while it may mean a smaller
income for the graduate for the year after
his graduation, means in almost every case
a much higher position at the end of five
years, and greater emoluments. The year
or so in the drafting room, testing depart-
ment and shops will also often give a lead
to the young engineer as to the specialty
he would like to follow.

If he is to become one of the greater
and more successful engineers he will spe-
cialize. For the range open to the work
of electrical engineers is wider than that
of any other mechanical profession. He
may not hope for a practice to cover it all.
It 1s the spirit of specialization that has
brought to pass the many and great devel-
opments of electrical science. It is the
specialist who is putting an electrical im-
press on all kinds of activities and opera-
tions. Edison and some of the other im-
mortals of the profession have covered a
diversified range, but those so distinguished
were all pioneer workers who wrought in
new fields that were practically virgin, and
whose researches led them to basic facts
and original inventions in large variety.
Now the progressive engineer, ambitious
for mastery, does not go so far afield, but
is fortified by the most wonderful accumu-
lation of workable data to guide his way
to new discovery. He usually confines his
professional endeavors within some well-
defined limits, for it is the specialist who
comes to the front in the electrical indus-
try. But, specialize as he may, no electri-
cal engineer can keep up with the march
of progress in electrical engineering unless
he continues, by constant study, to add to
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his store of education a scientific knowl-
edge of new principles and applications in
the electrical field. No electrical engineer
may boast that his technical education is
complete. Each year adds to the store of
vital truths and novel demonstrations in
electrical science. FEach year new indus-
tries find that their manufacturing equip-
ment may be improved or processes re-
formed' by electrical equipment. Electric-
ity is the world’s energy-of-all-work, the
ubiquitous Mercury transporting speech
or written word instantaneously in all di-
rections; distributor of light with profuse
bounty in darkened areas; picking up the
power of the cataract and delivering it, in
quantities as ordered, to turn the wheels
of transportation and of industry; run-
ning, lighting and warming trains and
ships; welding metals together with a
strength and firmness unapproached by any
other means; aiding the metallurgist by
extracting metals from their ores and by
electro-chemical separation from their al-
loys, isolation of aluminum from corun-
dum, and by processes of deposition of the
finer metals upon the surfaces of baser
metals (electroplating and electrotyping) ;
aiding chemistry in the manufacture of
various chemical products employed in the
arts, such as alkalis and chlorine from
common salt, chlorate of potash by elec-
trolysis, calcium chloride, carborundum,
phosphorous by electrolysis, artificial
graphite from coal, processes for the tan-
ning of hides, the ageing of wines, the eco-
nomical production of oxygen and many
more, coming under the head of electro-
chemistry; purifying milk by the process
of pasteurization, water by the action of
actinic rays generated and distributed
through mercury vapor, the neutralization
of sewage and many other good offices ex-
erted in behalf of hygiene and sanitation;
enlarging the equipment and increasing the
horrors of war by its terrible military effi-
ciency; acting as more efficient substitute
for sunlight in the processes of photogra-
phy and blue-printing; working in horti-
culture and floriculture in many ways, in-
cluding electric stimulus to the soil which
makes plants grow larger, better and
earlier; doing farm work by motors that
drive corn hoists, portable elevators for
hoisting and piling bales of hay, fodder,
etc., ensilage cutters, threshers; apparatus

to heat the incubators, light the house and
barn, milk the cows, run the churn, work
the pumps for house and farm, run
farm and greenhouse sprinkling systems,
lighten household labor by furnishing
power for washer and dryer, heat for the
ironer, power for sewing machine, ice-
cream freezer, fans, and all the various
modern machines for domestic use; fur-
nishes light, heat and power, for homes,
offices, warchouses, elevators, automobiles,
fans and innumerable other activities, in-
cluding motors for operating machines in
every industry; in medicine, a series of
electric applications which make electro-
therapeutics the foremost modern triumph
of medical achievement.

The things that electricity does are only
dimly mirrored in this enumeration, and
the manufacture of the machines and ap-
paratus, the operation of the processes, the
installation of electrically equipped plants,
the design, operation and management
of central stations for the generation and
distribution of the electric current; all of
this and more is included in the scope of
electrical engineering. It also presents in
an emphatic way the startling advance
wrought by electricity in a few decades.
By way of contrast, let us again ‘quote
from the statements of Professor John
Perry, F.R.S., who, in his inaugural ad-
dress to the British Institution of Electri-
cal Engineers in November, 1900, told
how in 1867, when he was an apprentice,
he was “chaffed in drawing-office and pat-
tern-shop for studying such a non-paying,
non-practical subject as electricity.” He
further stated that when he published his
first electrical paper in 1874 before the
Royal Society, and even some years after,
“the real students of electricity could be
counted on one’s fingers’ ends.”

This is doubtless a fair summary of
conditions in England, and, while a slightly
earlier start was made in the United
States, the contrast of fifty years is fully
as great because of the fact that this coun-
try has advanced even more than any
others by reason of its larger participation
in electrical discovery and invention and
the readier acceptance of electrical equip-
ment by the industries and people of the
United States.

Under each of the heads of present elec-
trical use it would be possible to tell a
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graphic story of accomplishment by scien-
tists and engineers. Much of it appears
in other chapters in this book and in indi-
vidual mention of the achievements of
some of the leaders in these electrical
activities, which have, however, been men-
tioned here chiefly to point to the oppor-
tunity and the need for even greater spe-
cialization. Not one of the numerous
branches, enumerated or otherwise, of
electrical practice has reached the stage of
completion. There is no electrical engi-
neer in any branch of the profession, how-
ever great and effective its present condi-
tion, who would claim for it the prestige
of a perfected art, nor even one in which
new discoveries and wider applications
may not be and are not expected.

Another feature in the electrical engi-
neering profession is the fact that manu-
facturing distribution and even the
planning and completion of electrical in-
stallations are, to a large extent, organ-
ized in strong corporate enterprises. This
is necessarily so because the interests
involved are colossal, diversified but
closely interrelated, and depend for their
highest success upon their operation under
a unified policy as interdependent parts of
a harmonious whole. In these great or-
ganizations there are numerous technical
and manufacturing departments, each
under the direction of superintendents
chosen for their expert knowledge, plus
certain qualities which are requisite for suc-
cess in other professions as well as this for
men charged with large managerial re-
sponsibilities. They include executive abil-
ity, business knowledge, an alert mind, re-
sourceful in sudden emergencies, ability to
handle men.  Above these department
heads are the general executive officers
who, with the directors, formulate the
policies of the corporation. In many in-
dustries these might be capitalists and
hard-headed business men who might
know little, if anything, of the technical or
practical end of the business. But the
electrical business is developed to such a
degree of exactness, and the value of elec-
trical apparatus and machinery so strongly
depends upon absolute accuracy, that it is
usually the case that the general as well
as department executives of the electrical
industries are for the greater part chosen

from men who have had an appropriate
technical training.

Electrical engineering may be said to
have begun with the invention of
Gramme’s dynamo in 1870. Investigation
of electrical phenomena had been carried
on extensively by scientific observers from
the beginning of the Seventeenth Century,
but mechanical applications, except those
connected with telegraphy, and certain ap-
plications of the galvanic battery, did not
make any general appearance until the last
half, and not to any important extent until
the last quarter, of the Nineteenth Cen-
tury. The principle of electro-magnetic
induction discovered independently by
Michael Faraday in England and Joseph
Henry in America in the period 1829-1831
led to the evolution of dynamo-electrical
machinery and the whole range of electric
machines and applications, the construction
and development of which brought into
play the energies and abilities of men who,
liaving prepared themselves, have intro-
duced an entirely new body of experts who
have evolved service of the highest value
and utility for the benefit of the world.
Gramme’s invention was slow in making
an impression on this side of the ocean.
There were only two electric light exhibits
at the Centennial Exhibition at Philadel-
phia in 1876. But with the invention of
the Brush arc system of lighting intro-
duced by Charles F. Brush in 1879, the de-
velopment of the Thomson-Houston sys-
tem about the same time, and the Edison
incandescent system soon following, a vo-
cation was made for engineers to supply a
demand that has increased progressively
from that time to the present.

Improvement in dynamo-electrical ma-
chinery also went on apace, and the devel-
opment of alternating current machinery
and installations greatly enlarged the use
of the electric light. The use of transmit-
ted electric power increased as it became
evident that it was more economical, more
dependable and more controllable than
any other. Electrical engineers began to
be trained in technical schools and came
out with a better preliminary equipment
for the profession than many of those pio-
neer engineers who, with far less educa-
tional advantages, had been prominent
aids and many of them among the leaders
in the foundation of the electrical indus-
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try. Many minds were working on the
problems of electricity, or rather the prac-
tical problems of electrical applications,
where only a few had been working be-
fore. At first the industrial application of
the electric motor was practically a mere
substitution for the steam engine. It had
its advantages, especially where the enter-
prise was large enough to support an iso-
lated plant, but not enough, in the view of
many owners of mills and factories, to in-
duce them to undertake the initial expense
of reorganizing the entire plant. But as,
in the improvement of dynamo-electric
machinery by the introduction of the indi-
vidual motor drive, electrical engineers
worked out not only a much more efficient
but also a more economical way of con-
ducting industries, the motor-driven plant
became more popular, and is now the
standard of industrial eficiency. Perhaps
this evolution may be best described by an
illustration contained in an address by Mr.
Samuel Insull at Camp Codperation in
1913:

“A mere substitution may increase effi-
ciency, may be an advantage, but if the
mere substitution of the electric motor in-
creased economy, then the reorganization
of that industry to adapt its operation to
the maximum economic efficiency of the
electric motor would naturally be still
more economical. I have seen this devel-
opment in the organization of the cotton
industry, from the steam engine to the
electric motor. There a prominent elec-
trical engineer had made it his life work
to study the problem and to solve it. 1
refer to Mr. S. B. Paine, the pioneer in
electrical operation of cotton mills. 1 re-
member in 1894 when the first electrical
power transmission in the cotton mills of
the South was introduced. The steam en-
gine, driving the old mill, was replaced by
one big synchronous motor, driving the
same mass of shafting and countershafting
and belting that was driven before. A new
mill on the same system that was being
opened did not have the big amount of

- shafting and belting, but had hundred
horse-power induction motors, each driv-
ing a single line of shafting. Now even
that has gone, and individual motors drive
individual machinery and so realize the
maximum economic efficiency of the elec-
tric power. You sece, with steam that is

impossible. You could not have a steam
engine or a gas engine for every loom, but
you can have an electric motor. And so,
you see, the mill industry has moved from
the New England States, and the steam
engine, driving shafting and belting, to the
Southern States, near the source of supply,
the field of abundant cheap water power,
to the individual motor drive. Here we
have, in the relatively short time of twenty
years, seen the reorganization of an indus-
try which is more complex than many
other industries, a rearrangement or reor-
ganization to suit a different kind of
power.”

The work done by this engineer in the
textile field is typical of that accomplished
by other electrical engineers, each accord-
ing to his abilities and opportunities, in
other avenues of human endeavor. Mr.
Insull in the quoted paragraph shows the
transforming effect of the electrical engi-
neer’s work in the cotton industry, but the
same effect of transformation, some in less
but some in even greater degree, is visible
in the work of the electrical engineer in
connection with most of the other in-
dustries.

Electric lighting progressed under the
inventive genius of Edison, Brush, Elihu
Thomson, Weston, Wood, Hochhausen,
and in the new era Nikola Tesla, Stanley,
Bradley, Steinmetz, Hewitt and others, but
besides these hundreds or thousands of
electrical engineers have helped from the
results of their informing experience or in-
ventive genius to bring to high efficiency
the lighting service of civilized places
large enough to support or near enough
to become auxiliary to a central plant.
But the work of expansion still goes on.
Even country roads in the better settled
sections are electric lighted, and yet, great
as the improvement in lighting is, there is
still quantitative work for the illuminating
engineer, in view of the fact that even in
the United States, which uses electricity in
larger measure than any other country,
only about thirty per cent of the popula-
tion has the benefit of electric light service.
Even as to the quality of light and meth-
ods of distribution the possibilities of im-
provement have not been closed, and the
field of opportunity in the lighting section
of the electrical engineering is still a wide
one.
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But the stimulus given to electrical engi-
neering in the last quarter of the Nine-
teenth Century was not circumscribed by
concentration upon electric lighting and
factory power. As improvements made
dynamo-electric machinery more practical
it became evident that applications to rail-
way operation would offer one of the
most valuable fields of its usefulness. Ex-
periments on electric railways antedated
the dynamo, and several successful experi-
ments in electric propulsion had been made
—successful in the sense that electric loco-
motives had been built which moved along
railroad tracks by energy derived from
chemical batteries. But the expense of
that mode of generation made their use in
actual railway service prohibitive, and the
commercially practical electric railway did
not appear until after the invention of the
dynamo. Improvements to adapt this in-
vention were sought by numerous inven-
tors, and the first demonstration of a
working electric railway of full size was
made at the Berlin International Exposi-
tion by Siemens and Halske. It was an
exhibition line, 1,000 feet long, and propul-
sion was effected by a dynamo constructed
by Werner Siemens, connected by double
reduction gearing to the axle of a car
capable of carrying twenty passengers.
Thomas A. Edison and Stephen D. Field,
in America, began their experiments in
1880, but a contention between them over
the priority of patents delayed real results
until 1883, when the interests of the two
were consolidated and an exhibition line
1,500 feet in length was installed at the
Exhibition of Railway Appliances at Chi-
cago, where an electric locomotive was
run, taking current from a third rail, with
joints bonded to improve its conductivity.
Later in the same year an overhead experi-
mental line was exhibited in Chicago by
C. J. Van Depoele, the inventor of the
trolley system, which, with great rapidity,
passed into extended use all over this and
other countries, and after the patents were
sold to the Thomson-Houston Electric
Company was, with the larger resources
of that company and its successor ' the
General Electric Company, developed
into one of the most important de-
partments of electrical industry. About
the same time that Mr. Van Depoele
was introducing the trolley system,

ILLeo Daft was building a third rail line
from Saratoga Springs to Mount Mec-
Gregor, N. Y.; and E. H. Bentley and
Walter Knight built a conduit line in
Cleveland, Ohio, and later one in New
York and one in Boston. But electric
traction received its most remarkable im-
petus from the contract made by the Union
Passenger Railway Company, of Rich-
mond, Virginia, with Frank J. Sprague to
equip its thirteen-mile system of street rail-
ways for electric traction. Capitalists as
well as inventive electrical engineers be-
came interested in electric railroad prob-
lems and electric railways underwent rapid
expansion and improvement until today all
other methods of railway traction for
intra-urban and interurban passenger
transportation have been eliminated in
favor of electrical methods. As these lines
and systems increase in number and mile-
age the field of opportunity for the electri-
cal engineer correspondingly enlarges. It
is not only in convenience to the traveling
public and the emolument of owners and
workers on the electric lines themselves
that the transformation wrought by elec-
tric railways can be gauged. Dr. Charles
P. Steinmetz has justly characterized the
larger social and industrial value of the
trolley system in an address from which
we quote as follows:

“We are not impressed when we see the
every-day trolley car passing by us; we do
not realize, because familiarity breeds
contempt, that this insignificant trolley car
is really bringing about, and has brought
about, a social revolution in modern life
difficult to realize, a revolution which the
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