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FOREWORD

Tris study of the economic development of the electric-
lamp industry is the second volume in a series of studies on the
economics of innovation, undertaken at the Massachusetts Insti-
tute of Technology

The creative role played by science and technology in modern
economic life is apparent to everyone. But we know relatively
little about the human factors which condition the introduction
of technological change into our environment. Are there barriers
to innovation inherent in the increasing concentration of power
in a few large concerns? Does the patent system, designed as an
incentive to invention, act more often as a brake on new develop-
ments? What has been the role of key personalities in creating
change? Are there lessons to be drawn from the past on how the
innovating process can be more effective, not only from the
standpoint of achieving a higher standard of material being but
from the point of view of smoother human relations? Certainly,
material progress at any price is not a satisfactory goal. On the
other hand, freedom for creative action in initiating and carrying
out new developments is a basic human drive for many individu-
als. I believe, personally, that a great society should strive toward
a goal which will glve to individuals and groups the maximum
opportunities for creative expression; yet this means to me that
the State must act to prevent the compulsive pressure of some
particular group from overriding others to the destruction of
human values.

But, although many of us could probably agree on the general
goals for which we should strive in an industrial society, we know
very little in detail about the operatlon of our industrial machine
in relation to these goals. This is understandable enough when we
realize that modern industry is only about 150 years old and that
in this country at least we have been so busily engaged during that
perlod in building business empires that there has been very little
time out for reflection.

The Great Depression and the Second World War have jolted
us out of our complacency. We are now ready to re-examine the
vii
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values of industrial life in a more critical vein. There is much to
admire and a good deal to criticize. Most American observers
would probably agree that the weaknesses in the process of eco-
nomic development can be corrected without any major reor-
ganization. On the other hand, if we are to progress to a standard
and a content of living as yet undreamed of in this country, the
nature of the structural defects must be critically examined.

Arthur Bright’s study of the electric-lamp industry represents
a contribution to this objective. It offers a detailed analysis of the
economic and technological evolution of electric lighting from
the first scientific demonstrations shortly after 1800 to the end
of World War II. Attention is focused upon the various forces
affecting the direction and timing of technical advances in the
lamp industry; and conclusions are drawn concerning the influ-
ence of the organization of the industry, the patent system, the
international cartel and antitrust enforcement on the develop-
ment of the industry.

Mr. Bright has given us an extremely thorough and penetrating
analysis of the data, based on intimate study. He has visited all
the major companies in the industry and digested a vast quantity
of historical evidence. The result is a basic descriptive analysis of
a major American industry which covers the period when Amer-
ica came of age industrially. This should prove an important
document for the formulation of public policy. It should also
contribute to one of our major scientific tasks—the formulation
of an organized and systematic theory of economic development
based on observation and experiment.

W. Rupert MACLAURIN

PREFACE

TremeNDoOUS strides have been made in the application of
technology to industry in the United States during the one hun-
dred and seventy years of its existence as an independent nation.
Most handicraft industries have been mechanized and placed on
a mass-production basis; hundreds of new industries have come
into existence; and even agriculture has been adopting more
scientific methods. Enormous increases in the amounts of goods
produced have accompanied the sweeping changes in methods
of production and distribution.

Except for short pauses, the rising trends of productivity and
output continued through the decade following World War L
The long and severe depression of the thirties raised serious doubts
as to whether a fundamental change had not occurred in these
trends. A theory of “secular stagnation” emerged, and even in the
midst of the production and employment peaks of World War
11, doubts persisted for the period of peace which lay ahead.

There are important unresolved questions regarding the furure
course of technological progress in American industry. Is the rate
of advancement likely to slow down, or are we rather on the
verge of a new era in which the application of science to industry
is going to be far more rapid and economically significant than
ever before? What are the principal environmental factors that
affect technological progress? How can the rate of development
and effectiveness of new industrial -designs and techniques be
stimulated? To provide partial answers to such questions it should
be helpful to explore the process of technological change as mani-
fested in particular American industries. By investigations of this
sort we can learn how progress has taken place in the past, and
what have been some of the limiting factors on the rate of change.

The present analysis of the electric-lamp industry is one in a
series of studies in the economics of technological change under-
taken by members of the Department of Economics and Social
Science at the Massachusetts Institute of Technology. These
studies are being carried out under the leadership of Professor

X
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W. Rupert Maclaurin through a grant from the Rockefeller
Foundartion.

Empirical evidence is needed to answer the many questions in-
volved in the economics of technological change. This work and
its companion intensive industry studies are designed to add a new
type of evidence to that which s already available through studies
of industry as a whole, groups of industries, and specific problems
such as the patent system. The emphasis throughout each study
has been upon the underlying factors which have influenced the
direction, extent, and timing of technological advances. Industrial
technology cannot move forward more rapidly than the scientific
knowledge which is fundamental to such advances, but the transi-
tion from basic research to practical applications in industry is
materially affected by the incentives for change and by the capaci-
ties of business organizations to make changes.

The present analysis of technological developments in the elec-
tric-lamp industry covers the entire historical sweep of events
from the earliest experiments in electric lighting to 1947. The
original development and introduction of commercial electric
lighting, both arc and incandescent, are treated in some detail.
The principal emphasis, however, is on improvements in electric
lamps and methods of production after electric lighting was first
introduced. Since it became evident during the course of the study
that the organization of the lamp industry and the operation of
the patent system have been of outstanding importance in relation
to technical progress in lighting, they have been given special at-
tention, both in the historical portions of the book and in the
conclusions.

Although the major developments in electric lighting are dis-
cussed more or less chronologically, T have tried to effect a com-
promise between a straightforward historical approach which
would reserve all conclusions to the end, and a topical approach
which would introduce the necessary data and evaluate the various
factors as it went along. Accordingly, T have divided the history of
electric lighting into four periods, each of which is discussed in
considerable detail. Interpretations and minor conclusions are
introduced into the historical presentation, and summaries collect
the principal facts and conclusions at the end of each of the later

groups of chapters. The final chapter brings together the data
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and conclusions of the earlier chapters and treats topically the
influence on innovation of industrial organization, the patent sys-
tem, cartelization, tariffs, anticrust legisladon, and other factors.

The conclusions of this study are primarily relevant to the
electric-lamp industry only. At the same time, certain inferences
may be drawn regarding other industries confronted by similar
conditions. Companion studies may eventually permit us to gen-
eralize convincingly for a large segment of American industry.

Although the primary purpose of this study is to analyze the fac-
tors which influence technological progress, I hope that the
story of the electric-lamp industry will also be of interest to the
general student of industrial development and to those concerned
with electric lighting itself. I do not know of any other analysis of
the lamp industry with so broad a scope or such a long historical
sweep.

Assistance and helpful criticism in the collection and presenta-
tion of material have been generously given by a great number
of individuals and organizations. Thanks must first of all be given
to the Rockefeller Foundation, which has provided the financial
support for the entire program and at the same time has given
us freedom to carry out the studies in the ways which seemed
most productive and useful. Professor W. Rupert Maclaurin,
who has been in charge of the program, has also directed the ef-
forts of those of us who have been responsible for studies of
particular industries with the utmost encouragement and gener-
osity. He has provided us with considerable latitude in the tech-
niques of collection and presentation of material to suit tbe
peculiarities of our own industries and working habis, while
ensuring that our attention was directed into the same broad lines
of research. 1 have been deeply indebted to Professor Maclaurin
for direction and for innumerable suggestions and criticisms
throughout the entire study, which has stretched over a period of
five years as a result of wartime delays.

Thanks are also due to many of my other former colleagues in
the Department of Economics and Social Science at the Massa-
chusetts Institute of Technology for fruitful discussions and sug-
gestions and for reading porcions or all of the manuscript. In
particular, the assistance of Daniel C. Vandermeulen, Warren C.
Scoville, and Robert L. Bishop has been most helpful.
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Members of the industry have been exceptionally cooperative
and helpful during the course of this analysis and have willingly
provided much essential information. Without their assistance
this study could not have been made. Although it is impossible
to mention all of them by name, I should like in particular to cite
the assistance of M. L. Sloan, T. W. Frech, the late Dr. W. L.
Enfield, Dr. Clifton G. Found, W. A. D. Evans, and T. D. Foster
of the General Electric Company; the late D. S. Youngholm, D.
W. Arwater, E. W. Beggs, S. G. Hibben, Dr. H. C. Rentschler,
Dr. J. W. Marden, D. S. Gustin, and J. W. Greenbowe of the
Westinghouse Electric Corporation; E. J. Poor, John Wool-
dredge, John S. Learoyd, O. H. Biggs, R. G. Slaver, Harris Rein-
hardt, and Lawrence Burns of Sylvania Electric Products, Inc.;
Louis Klein of the Incandescent Lamp Manufacturers Associa-
tion; Preston S. Millar of the Electrical Testing Laboratories, Inc.;
W. H. Simson of the Duro Test Corporation; James Cox of Duro
Test, formerly of Sylvania; Lester Anderson of the Wabash Cor-
poration; (Gustav Herzberg of the Jewel Incandescent Lamp
Company; Daniel R. Donovan of the Callite Tungsten Corpora-
tion; Charles S. Eisler of the Eisler Engineering Company; A. C.
Lescarboura, formerly of the Fluorescent Lighting Association;
and D. G. Trutner, formerly of Alfred Hofman & Company and
now of Duro Test. Professor Colin G. Fink of Columbia Uni-
versity and Waldemar Kaempffert, Science Editor of the New
York Times, have also given me valuable data during the course
of the study.

I have also recetved valuable suggestions and criticisms from
numerous individuals who have read all or portions of the manu-
script. They include, in addition to my former colleagues in the
Economics Department at the Massachusetts Institute of Tech-
nology, Professor Parry Moon, Professor John E. Burchard and
Professor Emeritus Dugald C. Jackson of M.I'T.; Professors W.
H. Nicholls, William F. Ogburn, E. H. Levi and Jacob Marschak
of the University of Chicago; Louis Klein of the Incandescent
Lamp Manufacturers Association; E. J. Poor of Sylvania; D. W.
Arwater and others of Westinghouse; Dr. L. A. Hawkins of the
 General Electric Research Laboratory; and M. J. Hamner and
others of the General Electric Lamp Department. Of course, the
assistance of these individuals in providing data or reading the
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manuscript does not in any way imply approval by any one of
them of the views or conclusions expressed in this study, which

arc my own. The sole responsibility for any errors which may
remain is likewise mine.

I wish to thank Miss Beatrice A. Rogers for her splendid co-
operation and assistance in seeing the manuscript through re-

eated drafts and in innumerable other matters during the course
of the study. Finally, T owe much to the encouragement and pa-
tience of my wife during the years occupied by this study and to
her editorial assistance.

Acknowledgement is made of the courtesy of the University of
Chicago Press in granting permission to use in this study material
which originally appeared in an article, “Economic Factors In-
fluencing the Development and Introductlon of the Fluorescent
Lamp,” written by the author and Professor W. Rupert Mac-
laurin and published in the Journal of Political Economty in
October, 1943. I also wish to acknowledge permission by the
Electrochemical Society, Inc., to use data from my paper, “Some
Broad Economic Imphcatlons of the Introduction of Hot-Cath-
ode Fluorescent Lighting,” which was presented at the meeting
of the Electronics Division in Philadelphia on October 17, 1945,
and appears in Volume 87 of the society’s transactions.

A A B, Jr
Haw~over, NEw HampsHIRE
August 4, 1947
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Chapter I: THE ECONOMIC POSITION
OF ELECTRIC LIGHTING AND THE
ELECTRIC-LAMP INDUSTRY

Evectric lighting has become a “necessity” in all the lead-
ing industrial nations of the world. The production of goods and
services for electric lighting in the United States totaled about
$1,200,000,000 in 1939. The productive efforts of more than
500,000 mdividuals and a total investment of around $5,000,000,-
000 in plant, equipment, and working capital were required. All
other types of ardficial illumination in this country . have been
relegated to minor or special applications.

1. The Growth of Electric Lighting

The conquest of darkness by means of artificial illumination
has been a problem for inventive imagination ever since man
learned to make fire. Progress was slow until the nineteenth cen-
tury, however, when the development of illuminating gas, kero-
sene oil, and other new materials introduced flame sources of
greatly increased efficiency. Yet with even the best flame sources
most of the potential energy was converted into heat, and only a
very tiny percentage was given off as visible light.

Although the electric-arc lamp and the incandescent electric
lamp met with some passive public resistance and with active
opposition by the gas interests when introduced commercially,
their advantages were so great that within a few years they were
well established in all leading industrial nations. After a few
decades of practical experience, the incandescent lamp moved
ahead of arc lighting in efficiency and became the standard for

1 The expansion of the war years resulted in a rise in the value of electric
lighting to $1,750,000,000 in 1944 and 1945. The immedijate postwar years have
produced further increases. Employment and investment were also greater. Since
1939 is the last peacetime year for which fairly complete data are available, that
year will be used in most instances throughout this chapter for the evaluation of
the economic importance of electric lighting.
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4 The Electric-Lamp Industry

almost all applications. Now a newer form of electric lighting, the
vapor lamp, is rising as a potential replacement for much of incan-
descent lighting.

TasLE I: THE PRODUCTION OF LARGE INCANDESCENT LAMPS IN
THE UNITED STATES

1879-1945
Approximate Per Capita
Lumen-Hours Lumen-H ours
Represented by | Per Capita Represented
Production Production | by Production
Production of of Large of Large of Large
Large Incandescent Incandescent | Incandescent Incandescent
Year Lamps Lamps» Lampsb - Lampsd
1879 NEGLIGIBLE R ce
1891 7,500,000¢ 315,000 1 4,900
1899 25,320,198 1,520,000 3 20,400
1909 66,776,9974 7,875,000 7 87,150
1919 224,713,466¢ 96,000,000 2.2 920,000
1929 354,542,107 282,000,000 2.9 2,330,000
1939 516,661,048 470,000,000 4.0 3,590,000
1945 792,620,000 760,000,000 5.7 5,430,000

2 000,000’s omitted. Estimated in part from data of the National Electric Light
Association, Report of the Lamp Commmittee, New York, 1930. A lumen is the
amount of light given off through a unit solid angle (steradian) from a uniform
point light source of one candle.

b Based on census population data.

< Census data on lamp productirn were not coliected in 1889. This figure for
1891 was estimated by J. E. Randall in 4 Practical Treatise on the Incandescent
Lamp, Lynn, 1891.

4 A spiall number of large lamps of special types are not included in this figure.

Sources for lamp production data: Census Office, U.S. Dept. of the Interior,
Census of Manufactures, Washington, 1879-1899; Bureau of the Census, U.S.
Dept. of Commerce, Census of Manufactures, Washington, 1909-1939; and Bureau
of the Census, U.S. Dept. of Commerce, Facts for Industry: Electric Lamps, 1945,
‘Washington, Mar. 29, 1946.

The demand for improved lighting has been a necessary con-
comitant of increased urbanization, industrialization, and educa-
tion. More activities have come to require artificial illumination,
and changed seeing tasks have called for higher levels of 1llumina-
tion. Moreover, there has developed a demand for greater quanti-
ties of light for the same tasks. Where once 5 or 10 foot-candles
were deemed adequate, from 50 to 75 foot-candles are not now
considered excessive.

e
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Table I shows the expansion since 1879 in the production of
large incandescent lamps,? which for sixty-seven years have pro-
vided most general-purpose electric lighting. The increase in
lamp production has been far more rapid than population growth,

TasLe II: STATISTICAL CHARACTERIZATION OF THE ELECTRIC—
LAMP INDUSTRY IN THE UNITED STATES

1939

Number of establishments 55
Total employment 11,587
Salaried individuals 1,965
Wage earners 9,622
Total salaries and wages $15,309,066
Salaries 4,620,047
Wages 10,689,019

Cost of materials, supplies, containers, fuel, purchased
electric energy, and contract work 28,571,141
Value of products _ 84,827,985
Large tungsten incandescent lamps 58,378,740
Other electric lamps 20,295,340
Other products 6,153,905
Value added by manufacture 56,256,844
Expenditures for plant and equipment (this year) 2,646,550

Source: Bureau of the Census, U.S. Dept. of Commerce, Sixteenth Census of
the United States, Manufactures, 1939, Washington, 1942, Vol. TI, Pt. 2, pp. 386-
387.

and the light output of these lamps has increased even more
markedly as a result of greater efficiency, higher average wattage,
and longer life. It is evident, however, that market saturation
is far in the future. Continued expansion will in all probability
raise lamp and lumen-hour output to levels that dwarf the 1939
and 1945 figures.

2. The Economic Value of Electric Lighting

Statistics for the American electric-lamp industry provide a pre-
liminary measure of the economic importance of electric lighting.
In 1939, as shown in Table II, there were fifty-five separate

ZLarge incandescent lamps include the ordinary electric-light bulbs for resi-
dential, commercial, and industrial use but exclude miniature lamps such as those
for motor vehicles, flashlights, and Christmas trees.




6 The Electric-Lamp Industry

lamp-manufacturing establishments * providing gainful employ-
ment for 11,587 persons, who received salaries and wages totaling
$15,309,066. The products of the industry, of which all but about
$6,000,000 consisted of various kinds of electric lamps, were
valued at $84,827,985.4 The value of large tungsten-filament
incandescent lamps, which comprised the most important part
of the output, was $58,378,740. The value contributions of whole-
salers, retailers, and transportation organizations should be added
to the value of lamps produced. These contributions amounted in
1939 to about $70,000,000 for large and miniature lamps com-
bined,? and furnished additional employment and investment op-
portunities.

To reckon the economic importance of electric lighting only
in terms of lamp production and distribution, however, would be
to underestimate seriously its total influence. A 100-watt lamp, re-
tailing for 15 cents, has an expected life of 750 hours. During that
life it consumes about 75 kilowatt-hours of electric energy, which
cost from $0.75 to $3.75, depending on the consumer’s geograph-
ical location and his rate classification. The costs of purchasing
and installing lamp fixtures and the necessary wiring constitute
another important addition to the value of the lamp alone, even
on a per-lamp basis.

By far the most expensive commodity consumed in lighting

is electric energy. In 1939 current used for electric lighting

amounted to about 31,000,000,000 kilowatt-hours with a value of
nearly $690,000,000.° The electric-lighting portion of the power
industry in 1939 afforded direct employment to about 86,000

3 The 55 establishments were operated by about 45 ‘companies. In 1939 General
Electric operated 9 lamp assembly plants, and 2 other large producers operated
2 lamp plants cach.

4 Electric lamps made as secondary products in other industries were valued in
1939 at only $629,564, less than 1 per cent of the value of lamps produced within
the industry. Most of these lamps were of miniature types.

5 The retail value of electric lamps sold in this country in 1939 was $149,000,000,
of which $108,000,000 consisted of large lamps (Electrical Merchandising, Jan.,
1942, pp. 6-7).

61t is estimated that about 30 per cent of the total sale of electric energy to
ultimate consumers in 1939 was for electric lighting. Total power sales in that
year were 105,768,000,000 kilowatt-hours worch $2,290,000,000. In addition to the
clectric energy sold by the utilities, power is gencrated by thousands of estab-
lishments exclusively for their own use. The 30 per cent figure makes allowance
for the portion used in lighting by the private concerns.
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workers and paid them approximately §148,000,000 in salaries
and wages (see Table II). Of that year’s total of nearly $13,000,-
000,000 in public-utility investment, almost $4,000,000,000 was
utilized in the provision of electric energy for lighting.”

In addition to electric lamps and energy, the value of electric-
lighting fixtures and lamp shades produced in 1939 was over
$120,000,000. These activities gave employment to more than
26,000 workers. About 12,700 persons were also employed by
electrical contractors for the installation and alteration of electric-
lighting systems valued at $66,800,000.% Miscellaneous other
lighting products and activities added approximately $250,000,-
000 in value and 37,000 more jobs in 1939.° Table III summarizes
these and other figures, showing the economic contribution of
electric lighting. The last column of the table gives figures for
the total employment provided by electric lighting; they take
mto consideration the employment in prior stages of manufac-
ture and distribution as well as in the activities directly con-
cerned.'® The investment required for all activities other than the
generation and transmission of electric energy for lighting ~dded
perhaps $1,000,000,000, to the $4,000,000,000 utility investment
in highting.

3. The Incandescent Lamp as the Heart of Electric Lighting

The manufacture of electric lamps contributes less than 10 per
cent of the total value of electric lighting in this country and an
even smaller percentage of its direct employment and investment;
yet the lamp is obviously the foundation of the entire lighting
industry. Since it has such a strategic position in reference to elec-
tric lighting as a whole and, as will be pointed out shortly, to the

7A wartime peak of 64,400,000,000 kilowatt-hours valued at $1,050,000,000
was reached for electric lighting in 1944.

) S_In addition to installations and alterations by contractors, a large volume of
similar work is performed by industrial concerns for themselves.

9 The miscellaneous category includes such items as flashlight batteries and
cases, automotive lighting equipment other than lamps, installations by other
than contractors, and the value added by distribution for all manufactured light-
ing products.

10°The production of parts, supplying of power, construction of buildings,
mapufacture of machinery, etc., are represented in the value of lighting through
their inclusion in the costs of the industries which participate directly.
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8 The Electric-Lamp Industry

entire groups of electrical industries, the electric—_lamp indpstry 18
the principal subject for the later chapters of this analysis. ‘

Although there have been many different commercial electric-
light sources, including the arc lamp, a great range of incan-
descent sources, and a growing number of vapor types, up to the
present time the filament lamp has been the most important of
all. It was technically and commercially preceded by the arc
lamp; but within a relatively few years the incandescent-lighting
industry caught up with and passed arc lighting, absorbed it, and
eventually squeezed it out almost completely. The later develop-
ments of vapor sources have been sponsored in large part by the
incandescent-lamp manufacturers. In actuality, then, there has
been one central lamp industry, and various small branches have
been absorbed by it or have branched off from it. The incan-
descent lamp itself has not been a static thing since its commercial
introduction, of course. It has evolved from the old Edisonian
carbon-filament vacuum lamp through a number of intermediate
steps to the modern coiled-coil gas-filled tungsten-filament lamp.

A further distinction should be made among the types of in-
candescent lamps. Large lamps are used for general lighting pur-
poses, and they constitute by far the largest portion of incandes-
cent-lamp production. Miniature lamps, used for motor vehicles,
flashlights, Christmas trees, etc., are also made in large numbers.
Their lower unit value results in a much smaller total value. Tech-
nologically, the miniature lamps have followed the large lamps to
a great extent. Table IV shows the relative importance of the vari-
ous types of electric Jamps produced in 1939. Since that date, the
expansion of fluorescent-lamp production has raised the value of
vapor lamps produced to a much more significant total.

4. The Stimulus of the Incandescent Lamp to the Electrical In-
dustries as a Whole

Besides holding a central position in electric lighting, the large
incandescent lamp has had a profound effect on both technical
and commercial developments in the entire group of electrical
industries. Prior to the development and introduction of a prac-
tical incandescent lamp in 1880, the only important applications
of electric energy were in the telephone and telegraph, in electro-

TasLe III: ESTIMATED ECONOMIC CONTRIBUTION OF ACTIVITIES ASSOCIATED WITH ELECTRIC LIGHTING IN THE

UNITED STATES

1939

industry)
Production of electric-lighting fix-

Production of electric lamps of all

industry)
Production of electric-lamp shades

Generation, transmission, and dis-

Electrical-contracting work in con-

dustry)d
All other related activities

Total (rounded figures)
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g is not the whole of

lighting fixtures
al g work performed on lighting.
sed principally on data from Bureau of the Census, U.S. Dept.

e Because a portion (estimated at roughly 50 per cent) of the materials

Sources: Ba
of Commerce, Census of Manufactures,

and shades, the value contributed to electric lightin
dustries, 1937, Washington.

used in electrical contracting consists of
the value of electrical contractin

cutives of corporations and their salaries, but not firm
prietors of unincorporated businesses or their withdrawals,

b Total value of activity less cost of materials, supplies, purchased elec-
¢ See Appendix A for a discussion of the methods used in making these

2 Includes exe
estimates.

members or pro
tric power, contract work, etc.

, 1939 and Census of Electrical In-

@ With the increase in fluorescent lighting after 1939, the lighting part of

electrical contracting rose to about 50 per cent by 1943,




10 The Electric-Lamp Industry

plating, and in arc lighting. These industries were all handicapped
by the inefficiency of existing electric-generating devices and by
the absence of an effective system of power distribution. One of
the greatest contributions of the incandescent lamp was its stimu-
lation of central-station generation and distribution of electric

TasLe I'V: PRODUCTION OF ELECTRIC LAMPS IN THE UNITED STATES,

BY TYPES
1939
Product No. of Lamps Total Value Unit Value
Incandescent-filament
lamps:
Large tungsten 516,661,048 | $58,379,740 | $0.113
Miniature tungsten:
Motor-vehicle 136,553,456 7,240,976 .053
Christmas tree, flash-
light, etc. a 7,105,175 @
Carbon 1,639,015 392,638 .240
Total incandescent 8 $73,118,529 2
Vapor and photoflash
lamps 2 5,359,164 e
Photoflood lamps 1,885,793 | - 340,440 .181
QOther lamps 2 485,511 3
Total, all types a $79,303,644 2

2 Not reported.
Source: Bureau of the Census, U.S. Dept. of Commerce, Sixteenth Census of

the United States, Manufactures, 1939, Washington, Vol. 1i, Pt. 2, p. 387.

energy. Most of the earliest central stations were built to provide
incandescent electric lighting. Once installed and operating, they
encouraged the growth of electric traction, the use of electric
motors for power, and the entire range of domestic and industrial
electrical appliances of various kirids.

The rise of incandescent lighting attracted public and scien-
tific interest to electricity more than any other application and
served as the spark plug for the early development of allied elec-

Introduction i1

trical industries. The rate of growth and the general expansionary
influence of these industries were so great that they have been
thought fundamental in the general upswing after about 1895 of
a long wave of economic prosperity that lasted until World War
L. Table V presents a summary of the growth in value over the
years of most of the principal activities associated with the elec-
trical industries.

A particularly close relationship can be traced between the
incandescent lamp and later developments such as radio. From a
technical point of view, the radio tube is an offspring of the in-
caqdescent lamp. The famous “Edison effect,” which forms the
basis for ;the radio tube, was first noted during experimentation
upon the incandescent lamp. Many techniques of tube design and
manufacture were first developed in connection with the incan-
descent lamp. Other more complicated devices, such as X-ray
and cathode-ray tubes and all other electronic devices, including
radar, also stem in part from this chain of development.7

5. Plan of Organization

Gas light.ing was the first “modern” light source. It was followed
by electric arc lighting, which reached a commercial stage around
1877.'Technical interest in incandescent lighting reached a high
level in that year. A group of independent inventors, rather than
estabhshed companies, worked to develop the new lighting de-
vice. Although a great number of previous and con?empgrary
workers _made many important contributions to the development
of practical incandescent lighting, Thomas A. Edison achieved
the first real success. The background and nature of this develop-
ment are treated in Chapters II and IIL
_ Edison was the first to begin the manufacture of satisfactory
incandescent lamps, but a rapid influx of competitors led to much
early confusion in the industry. Technical, legal, and financial
problems were numerous and complicated. The incandescent
11 The existence of long cycles of eco 1 1vi
EE{:(s)ﬂz?n iicti?&n?’is_t N. Dg. I{ondratieﬂ? I;?(I;:gdaclt;‘_glt)t._}’ szzs }i:lils-St“Er()(;pgrOSsg/at\)/}ésﬂilg
7 in the Review of Economic Statistics, Vol. XVII, pp. 105-115

(Nov., 1935); and J. A. Schumpeter, Busi i
193, Vor 1, oo S64-150 peter, Business Cycles, McGraw-Hill, New York,

;
i
&
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;
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lamp scon became just one among many products in the rapidly
growing electrical-goods industry. Forces affecting the entre
industry brought about widespread corporate consolidations,
until by 1896 there were only two important full-line manufac-
turers of non-communication electrical equipment in the United
States—the General Electric Company, successor to the Edison
interests, and the Westinghouse Electric & Manufacturing Com-
pany. Having concentrated on the lighting field and having won
important legal victories in connection with its patents, the Gen-
eral Electric Company emerged as dominant in that aspect of its
business. The early commercial evolution of the electric-lamp
industry and the technological developments which accompanied
it are the subjects of Chapters IV and V.

A general patenf—licensing arrangement between General Elec-
tric and Westinghouse in 1896 and subsequent specific licenses
established a pattern in the lamp industry which was substantially
maintained until 1945. General Flectric was the senior member

of a partnership between these two firms in the lamp business.

that retained its supremacy for fifty years. The technological
changes and commercial developments since 1896 are treated in
Chapters VI-XV. Part IIl (Chapters VI-VIII) includes a discus-
sion of the development of the metallic filaments and the other
improvements in electric lighting which took place during the
eventful years from 1897 to 1912. The patent-licensing and quota
system, which aided General Electric in retaining its superiority
in the incandescent-lamp business to the present time, was based
after 1912 principally on patents covering the tungsten-filament
lamp. The fundamental Just and Hanaman patent was issued in
1912. The history of incandescent lighting from 1912 to 1947 is
treated in Part IV (Chaprers IX-XV), which also covers the
same time span for gaseous-discharge lighting devices. Tt has
seemed preferable to divide Part IV in this fashion racher than
by time intervals, in order that the sweep of events in the develop-
ment of each type of modern electric lighting may not be inter-
rupted.

Chapter X VI presents some general conclusions regarding the
direction and rate of technological progress in the electric-lam
industry, the various factors which have influenced it, and some

TABLE V: THE VALUE OF ACTIVITIES OF MAJOR ELECTRICITY-PRODUCING AND ELECTRICITY-USING INDUSTRIES IN

THE UNITED STATES

1879—1939

Production of electrical apparatus

and supplies of all kinds
Operation of telegraph systems

Operation of telephone systems
Operation of electric light and

power systems
Electroplating work done for others

Electrotyping and stereotyping carried on

outside printing establishments £
Operation of electric railways, subways

Production of electric-lighting fixtures &

and trolley-busses
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Operation of radio broadcasting stations

Totals (to closest million)

have not been re-

gures

yping portion of this figure is applicable to
but separate fi

the electrical industries,

£ Only the electrot
ported.

2 Categories included cover only the major uses of electricity.

Many minor additions would be required to make the list com-
plete. Values given refer in most instances to the total value of

g fixtures, of which an in-

ric lighting fixtures.

portion have been elect

& Figures given are for all lightin

creasing proj

to total revenues of establishments. In a few cases operating in-

goods or services produced by establishments in the industry or
come is used.

years 1940,
Various publications of the Bureau of the

Census, U.S. Dept. of Commerce, Washington, 1879-1941,

h Data not reported.
iFigure refers to the
Principal sources:

b Figure refers to the year 1902,
¢ Figure refers to the year 1917,
4 Figure refers to the year 1927,
e Figure refers to the year 1937,
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suggested modifications in the technological environment of the
industry which would stimulate further progress and lead to
greater consumer benefits.*?

12Readers primarily interested in the commercial and economic development
of the lamp industry will find most of the non-technical history in Chapters IV,

VI, IX-XIT, and X V. The portions devoted largely to technological developments
include Chapters H-11I, V, VII-VIIL, and XII-XIV.

PART 11

GENESIS OF THE LAMP INDUSTRY




Chapter 11: THE RISE OF GAS LIGHTING
AND ELECTRIC-ARC LIGHTING
TO 1880

In 1880 illuminating gas, candles, and kerosene and other
types of oil lamps were the most widely used artificial light
sources in the United States. Only a beginning had been made in
lighting with arc lamps, and the first incandescent lamp satisfac-
tory for commercial use had just been developed. Before con-
sidering the early evolution and interrelations of gas, arc, and
incandescent lighting,! however, it is desirable to discuss briefly
the relationships between science and industry during the nine-
teenth century. It was the great spurt in science at that time which
made electric lighting possible.

1. The Relationship of Science to Industry

The line of demarcation between scientists and practical inventors
was even more pronounced during the nineteenth century than
it is today. Scientific discoveries were made and announced by
the professors or fellows of the great universities or organizations
such as the French Academy of Sciences and the British Royal
Institution. The study of physics and chemistry and the other
sciences was an end in itself, and most of the scentists were not
concerned with the application of their discoveries.

It was primarily in France, Germany, England, and to a lesser
extent in Italy, that science throve during the nineteenth century.?
After 1850 the increasing intercourse among nations destroyed
many of the individual differences among the leading European
countries and resulted in greater equalization of their methods

1For a brief history of oil, rush, candle, and other early forms of lighting see,
for example, Leon Gaster and J. S. Dow, Modern Iluminants and Hluwminating
Engineering, Pitman, London, 2nd ed., 1919, pp. 1-30.

28ee John Theodore Merz, A History of European Thought in the Nine-
teenth Century, Vol. I, Blackwood, London, 3rd ed., 1907.

17
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and more even progress in building up all branches of science.
Other nations can point only to the brilliant work of a small num-
ber of individuals, as Joseph Henry, J. Willard Gibbs, and a very
few others in the United States. The scientific spirit did not bloom
fully in America until the twentieth century, and there was rela-
tivevly little governmental or public support for science. Most of
our scientific knowledge was imported from Europe. Any Amer-
ican who wanted to obtain an extensive scientific education had
to go to Europe, and particularly to Germany and France.

The situation with respect to the use of scientific knowledge
in industry was somewhat different. Before the nineteenth cen-
tury industry had moved more or less independently of the state
of science or had even set the pace for science to follow and the
problems for science to solve.? The great discoveries of the early
nineteenth century opened up many important new fields for
industry to exploit, and science quickly pushed far ahead of its
applications. The scientific advances during the first half of the
century were exploited during the next fifty years. After 1850
the interplay between invention and science became much greater.
The time lag between fundamental advances in knowledge and
their practical use gradually became shorter.

Important applications of science to industry were not made
in each country in proportion to the fundamental advances made
within its borders. England and France were the industrial lead-
ers of the world, to be sure, but Germany in the 1870’s had not
yet started the rise which carried it to world prominence. The uni-
fication of Germany and the growth of the pan-Germanic spirit
had important effects on German industry. Significant inventions
were coming in small numbers out of the other western European
nations, and America was just beginning its spectacular rise to
world industrial leadership. The inventors of the United States
lacked scientific and even engineering education, for the most
part, yet they offset their educational deficiencies with practical
experience, ingenuity, and experimental skill. They achieved their
results more by intuitive insight than by theoretical knowledge,
and they were less hampered by tradition.

While the early nineteenth-century advances in scientific

3 Sir William C. Dampier (formerly Whetham), 4 Shorter History of Science,
Cambridge University Press, Cambridge, 1944, p. 92.
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knowledge had little effect on the feasibility of gas illumination,
they were fundamental to successful electric-arc lighting and
incandescent lighting. Indeed, all practical modern uses of elec-
tricity depend on the principles discovered by Volta, Davy,
Oersted, Ampere, Faraday, Henry, Arago, Ohm, Weber, Gauss,
Joule, von Helmholtz, Maxwell, and the other great scientists of
that time. Of particular importance to commercial electric light-
ing were the discovery of the voltaic cell, electrically induced
incandescence, the electric are, the properties of electromagnet-
ism, and electromagnetic induction.*

2. HNluminating Gas

[luminating gas was the first in the series of “modern” centrally-
supplied light sources which broke away from the candle and
oil-lamp tradition. The early experimentation in this field was
conducted primarily in Great Britain, France, and Germany
shortly before 1800 and was based upon original discoveries made
more than a hundred years previously.® William Murdoch and
Philippe Le Bon were among the most important contributors to
the development of illuminating gas. These men generated gas
by the distillation of coal or wood and fed it through pipes to
crude burners formed by flattening the ends of small tubes or by
Rerforating metal caps with small holes. Early burners gave five
times as much light as candles for the same cost. A few scattered
applications of manufactured gas for illumination were made in
England and France around 1800,° and in 1812 a company was
chartered in London to light the streets with gas.

e Within a few years after commercial gas lighting had been
inaugurated in Europe, it was introduced into the United States.
The first active company in this country was formed in Baltimore
in 1816, and it was followed by companies in New York, Boston,
and other large cities within a few years. The early history of
those companies was marked by many failures, caused in part by

4 These specific scientific contributions will be considered in greater detail in
the pages that follow.

5 The first recorded discovery of coal gas was made in Great Britain by Dr.
John Clayton, a minister, around 1660,

¢ Natural gas had been employed for lighting by the Chinese as carly as a.p. 900
(Jerome J. Morgan, Manufactured Gas, New York, 1926, Vol. I, p-1).
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financial and technical difficulties and also in part by wi.despr_ead
public opposition to the “health-menacing” new type_of illumina-
tion. Gas lighting was also opposed by the dealers in oil and tallow
lamps and candles, who feared its competition. . .
Once in use, gas lighting underwent rapid changes in technique
which enabled it to secure widespread acceptance and broaden
out from street and industrial illumination to residential use.
Purer, enriched gases made less smoke and s00t and gave more
efficient light. More economical gas generation and.d1§tr1but1on
reduced costs. New types of burners also resulted in improved

Tasre VI: THE MANUFACTURED-GAS INDUSTRY IN THE UNITED

STATES
1850-1870
1850 1860 1870
Number of establishments 30 221 390
Capital $6,674,000 $28,848,726 $71,773,694
Wage carners, average no. 952 5,730 8,723
Total wages $ 390,684 $ 2,321,536 § 6,546,734
Cost of materials used 503,074 3,667,630 10,869,373
Value of products 1,921,746 12,016,353 32,048,851

Source: U.S. Census Office, Dept. of the Interior, Twelfth Census of the United
States, 1900, Washington, 1902, Vol. X, p. 705. Darta for the industry were not
collected during the 1880 census.

performance. The fishtail burner, in which two jet; of gas came
together to spread out into a thin flat flame, was }ntroduc.ed in
1820 and had many residential and other applications until the
invention of the incandescent mantle. Oher improvements were
made, such as the Argand burner * for large space lighting, the
batwing burner for outdoor lighting and other purposes, and,
much later, the regenerative burner, in which the gas and air were
preheated before combustion. . . '
Commercially, the illuminating-gas industry in the United
States entered its period of important development after 1850.
The data of Table VI show how rapidly its activities expandc?d,
once gas had been generally accepted. Its $71,770,000 capital in-
7The Argand gas burner was adapted from the Argand oil lamp, which had

been invented during the eighteenth century by the Swiss from whom it derives
its name.
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vestment of 1870 had about doubled by the time incandescent
electric lighting became a competitor in 1880. Gas lighting was
experiencing its most rapid expansion at the very time of the de-
velopment of the electric-light sources.

Despite its initial advantages over competing light sources and
subsequent improvements in efficiency and economy, gas lighting
in the United States was continually confronted with serious
competition from older types of lighting. The use of kerosene
following the discovery of oil in Pennsylvania in 1859 resulted
in improvements in both the design and the fuel of oil lamps. The
cheapness and simplicity of lighting with kerosene made it de-
sirable for many applications. The competition for illuminating
gas provided by petroleum was offset, however, by the hydro-
carbons conveniently derived from it to enrich the gas and raise
its efficiency.

The gas interests were not research-minded in the modern
sense. The companies, which varied in size approximately as the
cities which they serviced, devoted most of their engineering
attention to methods of generating and distributing their product.
Such investigations in the fundamental nature of gas lighting as
were conducted concerned primarily changes in the composition
of the gas, in gas pressures, and in burner design.

The improvements in artificial illumination with flame sources
from 1800 to 1880 were noteworthy, but none of the illuminants
was wholly satisfactory for general purposes. The amount of light
given off by each one was small; the light flickered; the products
of combustion were undesirable, and the danger of fire was great.
In gas lighting, there were the added dangers of asphyxiation and
explosion. Moreover, efficiencies were still very low in terms of
theoretical maxima, and there was room for a further substantial
reduction in lighting costs. Under such circumstances it is evident
that the potential marker for improved light sources was very

large.

3. Electric-Arc Lighting

EARLY ARC LAMPS

Electric-arc lighting attempted to ;'neet the need for a better illu-
minant. Lhe principle underlying the electric arc is relatively
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simple. Under favorable conditions, an electric current can pass
through gases and vapors as well as through metallic and other
solid or liquid conductors. When the current does pass through
a gaseous medium, light is produced by the electric arc itself and
by the incandescence of the heated ends of the interrupted con-
ductors. Commercial application of the phenomenon required
(1) the discovery of electrode materials which would have long
lives and produce large quantities of light, (2) the construction
of devices which would automatically maintain the proper dis-
tance between the electrodes, and (3) the discovery and exploita-
tion of natural laws which would permit electric currents to be
produced cheaply.

The phenomenon of the continuous electric arc was first dis-
covered by Haumphry Davy in 1802. He employed a pair of wood
charcoal electrodes and drew the electric current from a voltaic
cell, which was the first chemical battery known to the world.
It had been invented only two years previously by Alessandro
Volta, professor of natural philosophy at the University of Pavia
in Italy.® At the time of his first electric-arc experiments, Davy
was an assistant lecturer at the Royal Institution in London. He
made a series of demonstrations of the arc, including one before
the members of the Institution in 1810. Davy’s soft rods of porous
charcoal were rapidly consumed, however, and his source of
current was expensive. These defects discouraged private in-
ventors from adapting his scientific discovery to a practical pur-
pose, and for thirty-four years no further progress was made in
arc lighting.

The invention of the Daniell battery in 1836, the Grove battery
in 1839, the Bunsen battery in 1842, and several other varieties
within a few years raised hopes that economical sources of current
had been found. There was a sudden rush of attention to the
eleccric arc. The inventors included manufacturers, doctors,
craftsmen, engineers, university professors, and representatives
of various other professions. Their goals were clear-cut—the con-
struction of automatic electrode regulators and the determina-

8 The voltaic cell was the first source of continuous electric current available

to experimenters, although static electricity had been known for many hundreds
of years before 1800.
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tion of optimum electrode composition. While the relative' success
of the individual inventors varied considerably, commercial elec-
tric lighting would probably have resulted within a few years,
had the new battery sources of electric energy bee'n sufficiently
inexpensive. Unfortunately, the limitations were spll very great.
French and English inventors were the most active m'the arc-
lamp developments from 1844 to 1859, as is indicated in TabI.e
VII, although American, German, Russian, and other experi-
menters made many later contributions.

Léon Foucault effectively pointed the way to the proper com-
position of the electrodes in 1844 by using hard retort carbon in
place of Davy’s soft charcoal. The retort carbon was bette.r‘, even
though it was not pure or homogeneous. Most other experiment-
ers after 1844 used retort carbon or mixtures of powdered carbqn
with various other substances. Significant progress was made in
1876 by the Frenchinventor, F. P. E. Carré, who mixed powde'red
coke or lampblack with syrup or tar and molded the mass into
rods. Great ingenuity was used in developing automatic regu-
lators, which were of many types but usually emplpyed clock-
work with electromagnetic adjusters. The most practicable lamps
developed during that period were those of Serrin and Dubosq,
which were used in most of the scattered installations from 1858
to the early 1870’s. _

' Despite the measure of success attained by the practical experi-
menters, the early arc lamps were costly, complicated, and cum-
bersome. The limijtations of energy sources were so great that
most workers had abandoned the field of arc lighting by 1860.
For a dozen years no improvements on existing lamps were pat-

ented. Voltaic batteries, even with the improvements of Daniell,
Grove, and the others, were not sufficiently economical to permit
widespread use of electric-arc lighting.

IMPROVED SOURCES OF ELECTRIC ENERGY
The development of better sources of electric energy cgntﬁnued,
however, based upon the discovery of electromagnetlc' induc-
tion.” This significant advance was made independently in 1831

9 An electric current is generated in a wire when it is moved in a strong mag-
netic field in such a way that the wire cuts across the lines of force.

TasLe VII: EARLY HISTORICAL EVOLUTION OF THE ARC LAMP

1844-1859 2

Nation-

Type of Regulator

Type of Electrode

ality

Experimenter

Date

Hand regulator
Clockwork

French Rods of retort carbon

English

1844 IL.éon Foucault

Discs of carbon

Cones,

1845 Thomas Wright b

1846 W.E. Suaite

gnetic device with clock

work, (2) spring regulator
Solenoid and counterwei

(1) Solenoid ma
work

rings, or plates of carbon (mixture

of pulverized coke and sugar)

English

ght with clock

pul-

Rods or discs of carbon (mixture of

verized coke and sugar)

Rods of carbon

English

1848 W. E. Staite

g_.

Electromagnets or solenoids or fixed ma

nets or other device

English

1848 F. Allman

Solenoid magnetic device

Rods of carbon mixed with magnesia
Clockwork

French

1848 Archereau

Discs of retort carbon, or mixture of re-

French

1848 A. E. Le Molt

tort carbon, wood charcoal or coke, and

tar

pulverized  Solenoid, counterweight and clockwork

Rods of carbon (mixture of

coke and sugar)
Rods of carbon

glish

1849 W.E. Staite and W. FEn
Petrie

Electromagnetic device with clockwork ¢

French

L. Foucault
1849 C. T. Pearce

1849

Pencils of carbon or disc and bar of
carbon

English

Electromagnetic device with clockwork

netic device and gravity with

g

Electroma
clockwork

Rods of carbon

English

1852 M. J. Roberts

Electromagnetic device and gravity

powdered coke, char-

gas pitch, coal dust, and china clay)

Rods of carbon (

coal,

glish

Watson
1853 Christopher Binks

1852 T.Slaterand J.J.W. En

gravity, or float

Mechanical devices and

, rods, or wheels of carbon, carbon
device

Discs

English

coating on metal, or mercury




Type of Regulator

Type of Electrode

Nation-
ality

Experimenter

Date

Float device with solenoid

Rods or plates of carbon soaked in oil

Rods of carbon

English

1853 W. E. Staite

Electromagnet with springs and clock-

work

de Fontaine Moreau

1853 P. Armand Le Comte French
1855 Henry Chapman

Electromagnet and gravity

_float device with elec-

Magnetic mercury:

tromagnets

Stream of mercury and pool of mercury None required except to control flow

Rods of purified retort carbon

English Rods of carbon
French

& Rudolph Thiers

1856 Joseph Lacassagne
1856 J. T. Way

or two streams of mercury

or steel point,

English
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Float device

Rods of carbon

American
English

1858 E. C. Shepard

1859 W. Clark

Electromagnetic device with clockwork

and gravity

Rods of carbon

Inventions: Abridge-

3

d. The Electric Light, 1884, Com-
Patents for

3

glave and Boular

missioner of Patents (British)

Sources: Al

ve list of all who experi-
it includes most of the

h this is not an exhausti

2 Althoug
mented on arc

im

lamps during these years,

portant develop:

etism,

Part II, 1874

Part 1, 1859,
Vol. I, 1882; Fontaine, Elec-

ating to Electricity and Magn

lications,

Electric Hlumination,
1878; and others,

ments of Specifications Rel
Their Generation and App

Dredge (ed.),
tric Lighting,

by J. Dubosq.

atent (British) granted on an arc lamp.
d by Lontin,

ments

¢ Improved in 1858

b Received first p
d Later improve

Genesis of the Lamp Industry 27

by two eminent scientists, English and American. Michael Fara-
day was Davy’s successor at the Royal Institution, and Joseph
Henry was at the time a professor of mathematics and physics
at the Albany Academy. Although Henry preceded Faraday by
a short time in his discovery, the English scientist was the first
to publish his results and made greater later contributions; the
credit for the advance is commonly divided between the two
men.’” Each man built his work upon three recent discoveries in
electromagnetism. H. C. Oersted of Copenhagen had discovered
in 1820 thata n_lagnetic field is created about a wire when current
flows through it; A. M. Ampére of Paris had discovered a year
or SO la_ter that current flowing through a coil of wire gives it
magnetic properties; and in 1825 William Sturgeon had made the
first electromagnet by placing a bar of iron in the coil.™ It was a
momentous step to reverse the
process and create electricity
from magnetism.'?

The principle of electromag-
netic induction was rapidly
adopted by the practical inven-
tors who were trying to improve
the sources of electric currents.
As early as 1832 the Frenchman
Hippolyte Pixii made a “magneto-
electric machine,” in which a per-
manent horseshoe magnet re-
volved before two wire bobbins

10 See Bernard Jaffe, Men of Science in

America, Simon & Schuster, New York,
1944, pp. 188-192.
) 11 The electromagnet was considerably
lmpFoved later by Henty, by the Britsh
engineer, J. P. Joule, and by others. See
J. A. Fleming, Fifty Years of Electricity,
Hiffe, London, 1921, pp. 1-6.

12 Faraday went further than Henry
ar.ld built a small machine to demonstrate
his .discovery. It consisted of a copper disc
which rotated between the poles of a per-
manent magnet. Current was drawn by a

copper brush from the edge of the disc
as it rotated.

Fontaine

F1G. 2. Pixii Dynamo, 1832
First experimental dynamo based
upon the Faraday-Henry discov-

ery of electromagnetic induc-
tion.
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mounted on a soft iron core. A
great number of other generat-
ing machines were built by in-
ventors in many countries during
the following years.*
Three major advances up to
1873 made possible great in-
creases in electrical output and
efficiency. The first two were the
replacement of the original per-
manent magnet by an electro-
magnet and the use of the “self-
excited field.” Charles Wheat-
stone’s dynamo of 1845 was the
first to employ an electromag-
: netic field, and the idea was soon
Urguhart adopted by almost all other ex-
Fie. 3. Large Gramme Dynamo,  perimenters. Around 1867 S.
2
1870°s . Alfred Varley, Charles Wheat-
Com“éerglal mOdekll_ k?f rmig— stone, and Werner and Carl
wound dynamo which greatly — yrrijheln, Siemens almost simul-
increased the efficiency of elec- d usi
tric power prOduCtiOH. taneOUSly SuggeSte USIHg some
of the output of the dynamo to
energize the electromagnetic feld. A few earlier workers had had
the same idea, but no actual change in practice resulted until after
1867.** The third important advance in dynamo design was the
improvement in armature winding. During the early seventies the
Belgian electrician Z. T. Gramme developed a series of dynamos,

13 Among the most noteworthy devices built before 1870 were those of Saxton
(1833), Clarke (1836), Stohrer (1836), Nollet (1850), Page (1850), Holmes
(1853), C. W. Siemens (1856), Pacinotti (1860), Wilde (1861-1866) and Varley
(1866). See Hippolyte Fontaine, Electric Lighting (trans. by Paget Higgs),
Spon, London, 1878, John W. Urquhart, Electric Light, Lockwood, Crosby,
London, 1890; Em. Alglave and J. Boulard, The Electric Light (trans. by T. O.
Sloane), Appleton, New York, 1884; and James Dredge, ed., Electric Hlumina-
tion, Vol. 1, Offices of “Engineering,” London, 1882.

14 The first recorded mention of self-excitation was in 1848 by Brett. Other
references were made by Sinsteden in 1851, by Soren Hjorth (Danish) in 1855,
and by the American, Moses G. Farmer, in 1865. See Dredge, op. cit, Vol I,
pp. 115-120, 140-141; Adam G. Whyte, The Electrical Industry, Methuen, Lon-

don, 1904, pp. 4-9; and Henry Schroeder, History of Electric Light, Smithsonian
Institution, Washington, 1923, pp. 24-25, 27.
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using a new, highly efficient ring winding.'® A similar but simpler
drum winding was developed in 1873 by von Hefner-Alteneck
and used by the Siemens brothers in their dynamos.

The more efficient and more uniform currents obtainable after
1870 restored interest in arc lighting, with renewed vigor. In view
of the previous history of experimental lamps, it was natural for
commercial electric lighting to follow almost immediately the
development of a satisfactory source of electric energy.

COMMERCIALIZATION OF THE ARC LAMP

Within a short time dozens of new varieties of arc lamps were
developed by experimenters in all industrialized countries of
Europe and the United States. One particularly important in-
novation was the “electric candle” of Paul Jablochkoff, a Russian
army officer, in which parallel electrodes separated by a non-
conducting volatile substance made unnecessary the use of com-
plicated regulators in the lamp. The first use of this startling new
device in France and in England in 1877 and 1878 aroused tre-
mendous interest and assisted materially in establishing arc light-
ng as a new commercial type of artificial illumination. Other
inventors later produced electric candles of various sorts in an
attempt to overcome the numerous defects of the Jablochkoff
candle, which wasted a great deal of light upward; could not be
relighted after being extinguished, was noisy, required alternating
current, and gave a fluctuating light output. The expensive elec-
tric candle was soon displaced in most installations by more
economical though more complicated arc lamps of the traditional
type.'®
. ‘The first practical application of the arc lamp was in lighthouse
1l!u_mination, even though it had been used for temporary exhi-
bition ':md experimental lighting in France, England and other
countries on a few occasions early in its history. Installations in
England in 1858 and 1862 and in France in 1863 were the first of
15 The ring—wmmd armature was essentially an iron ring with insulated wire
wound upon it all around the circle. It was first devised by Antonio Pacinotti in
18?2 but was not used commercially until after Gramme’s rediscovery.
Besides the Serrin and Dubosq lamps used in the earliest European installa-

tions, a number of other types were used commercially in Europe. Among the

outstanding ones were those developed by Archereau, Gaiffe Hefner-
Alteneck, Lontin, Carré, and Rapieﬂ.p Y T von Heiner
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stallation for general lighting pur-
poses evidently occurred in 1873
in the Gramme workshop at Paris,
where electrical apparatus was
produced.”® By 1877, when the
practicability of arc lighting had
been conclusively demonstrated,
its period of real commercial ex-
pansion in Europe was under way.
It gradually came into widespread
use in Europe in street and other
outdoor lighting and in illuminat-
ing some large interiors such as
factories, as well as in various spe-
cial applications. -
American inventors had shared
very little in the development of
the arc lamp and relatively little in
Fic. 4. Brush Arc Lamp the development of the dynamo
Series-wired arc lamp with auto- up to 1877, in large part because
matic shunt to minimize system  few Americans had participated
failure. ignificantly in the fundamental
significantly in the fundamenta
electrical discoveries of the early nineteenth century. By that year
successful work abroad had encouraged many individuals to un-
dertake experimentation, however, and soon American technical
and commercial progress in arc lighting equaled or surpassed that
of Europe. The work of Brush, Thomson and Houston, Wallace,
Farmer, Weston, Wood, Maxim, and Van Depoele was particu-
larly noteworthy in the expansion of arc lighting in the United
States. Fach inventor normally designed a new dynamo as well as
a lamp, and the variety of equipment available grew rapidly.
The great simplicity and reliability of the arc lamp and dynamo
system of Charles F. Brush made it of particular importance, both
in this country and in Europe. Brush, a graduate of the University

l } this sort.” The first permanent in-
= =

17T. Commerford Martin, “Central Electric Light and Power Stations,”
Electrical Industries, 1902, Bureau of the Census, U.S. Dept. of Commerce and
Labor, Washington, 1906, pp. 87-89.

18 Fontaine, op. cit., p. 105.
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of Michigan, built his first dynamo while engaged in the iron
business in 1876. After 1877 he devoted his entire attention to
electrical invention. In that year he contracted with the Tele-
graph Supply Company of Cleveland to give it exclusive rights
to produce and sell equipment patented by him in exchange for
a royalty. The first Brush arc lamp was made in 1877, and within
a short time he had produced a series-wired arc-lighting system
with an automatic shunt about each lamp. If a single lamp went
out, the rest were unaffected. This device was a very real contri-
bution to arc lighting, which had been plagued by the lack of
independence of series-wired lamps. Among the other important
Brush arc-lighting inventions were an improved regulator, cop-
per—plate.d carbons, multiple-carbon arc lamps for all-night burn-
ing, a series-shunt winding for dynamos, and an improved storage
battery.

The inventions of Elihu Thomson and Edwin J. Houston were
also noteworthy. They were teachers at the BO}}S’ Central High
School of Philadelphia; they became interested in arc lighting in
1878 Wl_len some Brush lamps were installed in a Phﬂadelphia
store window. Thomson and Houston designed an improved
dynamq and arc lamp of their own and made a few small installa-
tions with the aid of a local backer. In 1880 Thomson accepted
the offer of a group of individuals in New Britain, Connecticut,
to finance the manufacture of arc lamps, dynamos, and other ap-
paratus under Thomson and Houston patents. Thomson moved

‘to New Britain, and Houston remained at his teaching. Beside

his inventions in arc-lamp and dynamo design, Thomson later
made notable contributions in electric welding, transformers,
motors, meters, and many other fields.

Mo'st of _the American arc-lamp experimenters were youn
men, in their twenties or early thirties. This was true for all the
_electncal mdustries in the United States from 1875 to 1890, for
1t was a new and rapidly expanding field and drew its engineering
personnel primarily from among the technically minded young
men Wh'O had no previous ties—or only weak ones—with other
occupations or industries. Although some of the inventors work-
ing before 1880 were university-trained, the majority were not.
All, however, were enthusiastic about the possibilities of the prac-
tical application of electricity.
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The only well established applications of electricity in 1875
were telegraphy and electroplating. Telegraphy in the United
States had had its practical beginnings in 1844 with a message sent
from Washington to Baltimore by Samuel F. B. Morse," and it
had expanded rapidly thereafter. Flectroplating was still older,
for it had been introduced when chemical batteries were the onlv
source of electric current. Electrical-goods manufacturers largely
confined their attention to the construction of the necessary ap-
paratus for those two uses. The improvement in dynamos was a
great stimulus to electroplating, as it was to all the other applica-
tions of electricity.

The telephone passed to a commercial stage in the United
States in 1877, shortly in advance of its European introduction.
Alexander Graham Bell was the single most important inventor
of the telephone, although others, including Thomas A. Edison,
made noteworthy contributions. Rapid commercial success by
1879 raised the telephone to a position in the electrical industries
second only to the telegraph. In that year electric lighting, electric
traction, and other uses of electric motors were still in experi-
mental or very early commercial stages. Table VIII gives a sta-
tistical characterization of the size and operations of the American
electrical industries in 1879.

Since electric lighting was based on quite different principles
and was still in an experimental stage, the gas companies paid the
new light source little or no attention. Their indifference lasted
until about 1880, when the potentialities of commercial electric
lighting began to be apparent.

In the United States each arc-lamp inventor typically aroused
the interest of local capitalists and formed a company to manu-
facture the necessary apparatus and make installations. These
manufacturing companies then encouraged the formation of local
electric-light companies, which they licensed under their patents
and supplied with equipment. The first central electric-generating
station in America was installed in 1879 by the Brush-licensed

California Electric Light Company of San Francisco.® Arc light-
ing was making commercial as well as technical progress in this

19 The first European successes came a few years earlier.
20 Martin, op. ciz., p. 90.
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country by the time incandescent electric lighting appeared on
the scene 1n 1880.

The arc lamp gave more light for a given cost than any of the
other illuminants in use when it appeared. However, it was only
partially successful in meeting the need for better lighting. It gave
off light of great strength and brilliance, effectively lighting large
areas, but it could not be used with satisfaction in the confined
space of a private home. Even the smaller sizes were very brilliant
and dazzling.?* Other characteristics—the high system voltages
required, the large amounts of current needed, the wiring in series
which made it difficult to turn individual lamps on or off without
affecting the rest of the system, the peculiar color of the light,
and the necessity for frequent adjustment—made it unsatisfactory
for ordinary indoor lighting. Despite its disadvantages, arc light-
ing was strongly pushed by its promoters and found ready accept-
ance in street lighting and many other outdoor applications.

The problem of obtaining a satisfactory general-purpose il-
luminant had not been solved, however, and it was redefined in
terms of “subdividing the electric light.” What was required was
a smaller light of equal or greater efficiency, which could be
rurned on or off without affecting the other lamps in its circuit
and which could be used safely and easily in private houses.*

The incentives for the development of a new and more generally

satisfactory light source were great for both inventors and capital-
ists. The possible financial reward for a successul lamp was enor-
mous. Moreover, the prospective glory of being the victorious
inventor was in itself an ample reward for some.

21 Arc lamps were usually furnished in sizes of 500, 800, 1,200, 2,000, or 3,000
candlepower. Still larger sizes were supplied for special uses.

22 Strictly speaking, “subdivision of the electric light” required a subdivision
of the current from a generator among a number of small arc lamps which could
be controlled individually and which rerained the characteristics and economy
of the original lamp. (The earliest dynamos were able to operate only a single
arc lamp.) Since arc lighting in parallel had not yet been worked out, and since
the efficiency of the arc lamp diminished materially with a decrease in its size,
many practical inventors turned to incandescent lighting as offering a greater
chance of success. At a later date arc lighting in multiple became feasible,
though very small individual arc lamps were never successfully developed.

Chapter IlIlI: THE DEVELOPMENT OF

INCANDESCENT ELECTRIC LIGHTING
TO 1880

. THE passage of sixty-seven years since the first commercial
mpandescent lighting has almost obliterated from the American
mind the memory of the work of all inventors other than Edison.
There had been a long line of experimenters prior to 1877, how-
ever, anfi many of them had aided in limiting the number of vari-
abl«;s with which their successors had to deal. Several inventors
bGS}dfas Edison deserves a share of the credit in the great burst of
activity from 1877 to 1880, which finally brought forth a market-

able incandescent lamp. Pope writes in his history of the incan-
descent lamp:

The outcome of a race of diligence between two independent but
eq_ually meritorious inventors, is perhaps as often as otherwise deter-
mined by chance or accident. In this respect, it may not inaptly be
com.pared to the result of a horse race in which the fortunate wi}riner
carries off, not only all the honors, but the purse as well, although his
nose may have passed under the wire barely an inch in advance of
some of his aless deserving competitors. . . . The critical student of
gﬁfau-s perceives that, however wonderful or however unexpected an
mmvention may appear, it is seldom that it is not found to be a neces-
sary sequence of a long series of other discoveries and inventions
which have preceded it. . . . But it has always been the way of the
\yorld to consider every such invention . . . as the work of sgme ar-
ticular individual, who . . . is regarded as its sole originator and cpon—

t:.lv:? and upon him fame, honor and wealth are lavished without
stint.

P% consideration of the technical background and the economic
environment of the incandescent lamp indicates that by 1877 the
time was ripe for the development of this type of electric lighting.

1 Franidin L. . . .
N rlzg; ;,1;.];ii.Pope, Ewvolution of the Electric Incandescent Lamp, Elizabeth,
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1

Fia. 5. De La Rue Lamp, 1820
First recorded incandescent lamp, using platinum illuminant.

Intense activity followed, and the first successful commercial in-
stallations were made three years later.

1. The Technical Background of Incandescent Lighting in 1877

One of the first demonstrations of electrically induced incan-
descence was made in 1802 by Humphry Davy while he was a
lecturer at the Royal Institution.” As in the case of the electric arc,
Davy did not make a lamp using the principle of incandescence
which he had discovered. He merely passed an electric current
through a platinum wire or through a slender carbon rod and
observed that they glowed until consumed by oxidation. Many
decades elapsed before practical
] use was made of this principle.
W The arc lamp and the incandescent
lamp thus had their roots in the
scientific experiments of the same
man in the same year and de-
ended fundamentally upon the
voltaic cell, which was the first re-
liable source of a continuous elec-
tric current.
As with the arc lamp, there was
a sudden burst of experimentation
with lighting by incandescence
following the development of the

2 Jean Escard claims in Les Lampes Elec-
6. 6. 1 L 1841 triqgues (Dunod & Pinet, Paris, 1912, p.
e De Mo eyns Lamp 267) that the original discovery of elec-

FiTSt patented incandescent lan'lp, trical incandescence was made 1n 1801 by
using powdered charcoal falling  Thénard. No further details are offered,
from glass tube through inter- and the claim is not substantiated by other

rupted coils of platinum wire. sources.
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Daniell, Grove, Bunsen, and other
patteriesaround 1840. Aneven ear-
lier incandescent lamp has been
credited to the English experi-
menter De la Rue, who in 1809 is
said to have enclosed a coil of plat-
inum wire in glass tubing from
which part of the air had been ex-
hausted to prevent too rapid oxi-
dation of the platinum.® The Bel-
gian.i Jobard, repeated Davy’s
experiment with carbon in an ex-
hausted glass container in 1838,
and seven years later he tried plat-
iniridium. Frederick De Moleyns,
an Englishman, was granted the
first patent on an incandescent
lamp by the British government in
1841. His lamp consisted of a
sPherical glass globe, exhausted of g 7. Unauthenticated Gobel
air, containing two coils of plati-  Lamp, 1854

num wire connected by powdered  Litigation over the basic Edison
charcoal, which became incandes-  incandescent-lamp patent pro-
cent as current was passed through duced claims of priority by
the wires. The British government Heinrich Gobel. Only weak evi-
granted another patentin 1845 on dence supported che claims.

the invention of J. W. Starr, a young American from Cincinnati
who made an incandescent lamp composed of a carbon rod in 2;
vacuum above a column of mercury. This represented the first
patent on a lamp using a solid carbon conductor, although it was
not much like the attenuated high-resistance carbon ﬁlgment of
Edlson’s final lamp. The Gobel lamp of 1854 was said to have con-
tained a fine carbon thread glowing in a vacuum.*

3 Association. of Edison Hluminating C i
. g Companies, Development of the In-

candescent Electric Lamp Up to 1879 (Appendix B f
Commit.tee),.NeW York, 1929, p. 4. - ppendi rom Reporc of the Lamp

4'Whlle this desugp .purportedly anticipated the later commercial lamp in some
respects, its authentlcn_y hasA remained doubtful. Gébel took out no patents and
pul?hshcd no papers; his claims were not made public unti] the time of the liti-
gation over the Fdison patent.




38 The Electric-Lamp Industry

Incandescent lamps ® of varied
nature were made by many other
experimenters up to 1860, as is in-
dicated in Table IX. The early
lamps generally contained plati-
num, iridium, or carbon conduc-
tors. Of all the metals which could
be made into wires or thin strips at
that time, platinum and iridium
were the best for incandescent
lighting because of their relatively
high melting points.® Carbon was
widely used because its melting
— point is higher than that of any
metal, and because it has a high—
but not too high—resistance to
electric current. Its great disad-
vantage was 1ts tendency to vapor-
Vacuum lamp with graphite il-  ize or combine with atmospheric
luminant in a pear-shaped glass gases. The many better illuminants
bulb. were not known, not available in

the proper form, or not thought of at that time.

The early incandescent lamps “burned” in air, In a vacuum, or
in atmospheres of nitrogen or some other gas, with or without
protective globes and with all manner of special devices. The in-
candescent materials in Jamps with atmospheres of air generally
burned for only a short time before they were consumed by oxi-
dation, particularly if the conductor was made of carbon. To se-

F16. 8. Roberts Lamp, 1852

5 The incandescent-arc lamp also received some attention during this period.
It was an intermediate type between the arc lamp and the incandescent lamp
proper. In this device an electric current was passed through a rod of carbon 9f
small diameter pressing against a disc or block of carbon and usually burning in
the open air. The end of the carbon rod became incandescent. It was more
efficient than the enclosed incandescent lamp at that time, but it had other de-
fects which made it impractical. Greener and Staite, working around 1846, seem
to have been the first to develop such a lamp, and many later workers were
interested in this line of development. The experiments reached their peak in
the work of Reynier and Werdermann in 1878. They had little commercial
significance. See Dredge, op. cit., Vol. I, pp. 542-571.

6 Other things being equal, the higher the temperature, the greater the incan-

descence.

TABLE IX: HISTORICAL EVOLUTION OF THE INCANDESCENT LAMP

1809-1878 2

Container

Atmosphere

Hluminan:

b
3
by
s
N
)
N
N
B
IS
o
b
=2
&Y
D
Y
S

Nationality

Glass tubing with brass caps

Glass
Inverted tumbler in dish of

Partial vacuum

English Coiled platinum wire

1809 De la Rue
1838 Jobard

Vacuum
Air

Carbon rod

Belgian
English

Coiled platinum wire

1840 W. R. Grove

warter

Powdered charcoal between two Vacuum

English

1841 F. De Moleyns P

Stoppered spherical glass globe

coils of platinum wire

ppered glass tube above

(1) Stoppered glass globe

(1) Air
(2) Vacuum (2) Sto

p

(1) Platinum stri
(2) Graphite rod

American

1845 J. W. Starr ¢

mercury column

7

Stoppered glass globe

Arched platnum and iridium Air
rod

English

1848 'W. E. Staite

None

Air

Iridium or iridium alloy rod

English

1849 'W. Petrie

Stoppered glass globe

Vacuum

pressing
cone

Charcoal cylinder

American

1850 E. C. Shepard

against charcoal

Stoppered glass bulb

Vacuum

English Graphite rod

1852 M. ]. Roberts

1854 H. Gobel (?)
1856 C. de Changy

Sealed glass bulb
(1) Glass tube

Vacuum

Carbon thread

German

French

(2) Sealed glass bulb

(2) Vacuum
Vacuum

(1) Air

) Carbon rods
Coiled platinum wire

(1) Coiled platinum wire
2

(

Signal lamp with reflector

American

1858 Gardiner and

Blossom d
1859 M. G. Farmer

None

Air

Platinum strip

American




, The

1881; Dredge

, 1882, Fontaine, Eleciric

Container
78; Commissioner of Patents (British), Patents for

The History of the In-

lluminating Companies,

zed paper strips.

Bottle or bell jar on brass plate
(1) Sealed glass globe

(2) Stoppered glass globe
Stoppered glass globe

, Electric Lighting,

(ed.), Electric Hlumination, Vol. 1

Lighting, 18

Sealed glass bulb
Sealed glass tube
Sealed glass tube
Sealed glass tube

Arimosphere

Abridgements of Specifications Relating to Elec-

tricity and Magnetism, Their Generation and Applications, Pt.

(1) Vacuum
(2) Nitrogen

Vacuum
Nitrogen
Vacuum
Vacuum
Vacuum

e Made first lamp using carboni

Sources: Association of Edison [
Development of the Incandescent Electric Lamp Up to 1879,

I, 1859, Pt. 11, 1874, Pts. I-II (n.s.), 1880; and others.

1929; J. W. Howell and H. Schroeder,

candescent Lamp, 1927; Sawyer

Inventions:

Hluminant

Carbonized strips and spirals of Vacuum
paper and cardboard

(2) V-shaped graphite block

(1) Carbon rod
Graphite rods
Graphite rods
Graphite rods
Carbon pencils

Carbon strip
d on an incandescent

’s technical development

but their work after 1877 be-

9

English
American
Russian
Russian
Russian
Russian
French

Nationality
d first patent (British) granted on a carbon incan-

s to the second phase of the lamp
descent lamp.

a This list includes the principal incandescent lamps made
g !
and must be considered separately.

during the precommercial period. Most of the later workers had
b Received first patent (British) granted on an incandescent

lamp.
dReceived first American patent grante

gun their experiments by 1878
lamp.

cReceive

1872 A. M. Lodyguine

Date Experimenter
1860 J. W. Swane
1865 Isaac Adams
1875 S. A. Kosloff
1875 S. W. Konn
1876 Bouliguine
1878 H. Fontaine

be
lon

Genesis of the Lamp Industry 41

cure longer life, experimenters usually attempted to obtain 2
vacuum in the globe or bulb and reduce the rate of chemical re-
action. A few lamps contained nitrogen or a similar gas which
would not combine chemically with the filament. Both schemes
aided in lengthening lamp life and in improving lamp perform-
ance, particularly the vacuum method. Nevertheless, lamp design
and the techniques of assembly were not yet sufficiently developed
to produce lamps suitable for commercial use.

The limited practicability with existing energy sources led to al-
most universal abandonment of incandescent lighting by 1860,
and this was true for arc lighting. Although a cheaper source of
electric energy might have enabled some of the early lamps to
operate moderately well with only small modifications, there were
other difficulties. The forms of the carbon and metallic materials
then in use as dluminants were not adequate for commercial use,
and the existing mechanical pumps could not produce a vacuum
sufficiently complete to give long lamp life.

The year 1870 marked an important turning-point in the strug-
gle for an adequate source of electric energy. By the time the
“subdivision of the electric light” was attacked in earnest in the
United States and in England, inventors could assume an econom-
ical power source. Although the dynamo had to be adapted to
their particular needs and there was considerable room for its
improvement, they were able to devote a much larger share of

- . 4 . -D
their attention to the lamp 1tself than would otherwise have been

possible.

The air-exhaust problem was practicably solved with the inven-
tion in 1865 of a superior mercury vacuum pump by Herman
Sprengel, a German chemist in England, and with the perfection
of methods for using this pump to exhaust glass bulbs in 1875 by
the British scientist Sir William Crookes, during his experiments
with the radiometer. After 1875 the problem of lighting by in-
car}descence was again considered seriously. The work of Lody-
guine, Kosloff, Konn, and their European contemporaries marked
the resumption of interest in an important problem. Since an ade-
quate source of energy and an adequate vacuum pump were avail-
able, the most satisfactory composition and form of the illuminant
were the only important unknowns blocking commercial incan-
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descent lighting. From that time on, the ultimate success of in-
candescent lighting seems to have been assured, although a great
deal of arduous experimental work remained to be done.

Thomas A. Edison was the first inventor to discover a subs.tam:e
in a form which could satisfactorily be used in a commercial in-
candescent lamp.” He was, therefore, the person who successfully
solved the last major unknown in a long series of unknown vari-
ables. His illuminant consisted of a high-resistance carbon con-
ductor in filamentary form. The distinction between a carbqn rod
and a carbon filament was a real one and provided the basis for
Edison’s patent victory as well as for his commercial success.

Of the principal features of the successful Edison lamp of 1880,
only the form of the conductor had not appeared in previous
lamps, except for the questionable Gobel lamp of _185 4. The vac-
uum-sealed glass globe, the material of the 111um1n.an't, the plati-
num lead-in wires and the other major characteristics were all
well known. Starr, De Moleyns, Roberts, and several others'had
made vacuum lamps. The first Edison lamps sold commercm‘lly
contained filaments made from carbonized paper, a material which
Swan had utilized in his experimenta] lamps by 1860. Sawyer anei
Man had also used carbonized paper before Edison began his
experiments. Other types of carbon had commonly been used as
lluminants. Platinum wires had frequently been used both as
lead-in wires and as illuminants. Sealed glass globes were likewise
no novelty, although the stoppered type was more widely em-
ployed.

2. Inventors Interested in Incandescent Lighting in 1877

Individual inventors carried on most of the work during the early
period of incandescent-lamp development. They were a hetero-
geneous group, and many of them conducted their experiments as
sidelines to their regular professions. It is doubtful whether any
had more than a small room, limited equipment, and meager funds.
Neither established industrial concerns nor university facilities

TEven if Gébel did use a carbon thread, which is not certain, he abandoned
his experiments at an early stage and did not exploit or publicize them in any

way. This necessitated the rediscovery of whatever he had learned, as well as
the development to a commercial stage.
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were of much direct importance before 1877.% Large-scale finan-
cial support was forthcoming only after a measure of technical
success had been realized and economic conditions presaged sub-
stantial financial return. .
The illuminating-gas companies in the United States numbered
well over five hundred by the time the incandescent lamp ap-
eared on the market, and the companies in the leading cities were
Jarge and well financed. Nevertheless, they made no contribution
to the development of the new type of lighting. In fact, the gas
companies feared and opposed all electric lighting as a threat to
their investment, which by 1880 amounted to about $150,000,000
in this country. The arc lamp soon became a dangerous competi-
tor in the outdoor market, but that constituted only 10 per cent
of the illuminating business. The sudden success of the incan-
descent lamp after 1880 threatened to take over the other 90 per
cent as well. For the most part, the gas industry reacted by push-
ing its own product and opposing doggedly the expansion of all
electric lighting. The gas industry as a whole did not have the
vision to enter into and go along with the new development. Its
opposition took such forms as belittling the advantages of electric
lighting, exaggerating its disadvantages, attempting to influence
municipal bodies against franchises to electric companies or ordi-
nances to permit electric lighting, and attempting to influence
safety standards established by insurance companies.® Despite all

 their efforts, the gas interests could not check the growth of the

new light sources. In partial explanation of the obstructive tactics
of the gas companies, it must be stated that the gas industry was
undergoing its most rapid expansion at that time and was much
too preoccupied with its own problems to understand fully the
revolution in lighting technique which was taking place. Any
research or development by the gas companies was confined to
their own product.

Although the early histories of incandescent lighting and arc
lighting had many experimenters in common, by 1877 the pro-

8By 1877 electrical engincering began to be recognized as a profession, al-
though educational institutions had not yet accepted it as a field of specialization.

9 See, for example, A. Hickenlooper, Edison’s Incandescent Electric Lights
for Street llumination (report of an argument by A. Hickenlooper before the

Committee on Light of the Municipal Council, City of Cincinnat, July 22,
1886), Cincinnati, 1886.
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ponents of arc lighting seem to have become so attached to their
own development that they had little or no time for incandescent
lighting. The situation parallels that with respect to gas illumina-
tion. The rush of technical developments in connection with the
arc lamp, the dynamo, and the other elements of an arc-lighting
system, which had already reached the stage of practicability,
did not encourage work on a device as yet no more than promis-
ing. Here again the experimenters did not envision the great fu-
ture of incandescent lighting and, with one exception that will be
pointed out later, made no direct contributions to the original
development of the incandescent lamp.

Since neither the gas industry nor the arc-lighting industry
was seriously interested in incandescent electric lighting, the field
at first was left almost entirely to electrical inventors not tied to
any previously established method of illumination. Most of these
men had had experience with the telegraph or other electrical
apparatus, or were mechanically talented and had turned their
attention to this promising new field as a further step in their
varied inventive careers. Many individuals were interested in the
problem, but four inventors in this country and two in England
were particularly concerned with “subdividing the electric light.”
Besides Fdison, there were William E. Sawyer and Albon Man,
working as a team, Hiram S. Maxim, Moses G. Farmer, Joseph W.
Swan, and St. George Lane-Fox.'” Swan and Lane-Fox were Eng-
lish; the rest were American. The work and contributions of each
of these six inventors will be considered in turn in what seems to
be an ascending order of their relative success.

MOSES G. FARMER

Moses G. Farmer was one of the two early pioneers in incan-
descent electric lighting whose interest and life span carried them
over to the period of intensive development after 1877. His plati—

16 Many other experimenters had lesser degrees of success. For example, the
Englishman james Gordon developed an incandescent lamp in 1879 which used
a platinum-iridiam alloy in the illuminant. The superiority of the carbon-fila-
ment lamp of 1880 quickly superseded it. (“The Electrician,” Electrical Trades’
Directory and Handbook for 1891, London, 1891, p. xxxv.) Also, Edward Wes-
ton, who was born in England and emigrated to the United States in 1870, did
some early experimenting with incandescent lamps. His attention was directed
more to arc lighting, however, and it was not until after 1880 that he made his
most important contributions to the incandescent lamp.

‘He began to teach but devoted his sp

- Grove batteries; the ineficient sourc
- tical. Later interests included the qua

7 incandescent la
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num lamps of 1858 and 1859 were crud
cially shaped strips of the metal were he

ments were abandoned before reachin
accumulated considerable knowled
descent hghting.

Fic. 9. Farmer Larnp, 1859

Platmum—strip lamp operated in the open air,

Farmer had been educated at Philli
: ps Andover Academ d
Dartmouth College, where ill health kept him from gradu};tiar?g.
: are time to scientfi i-
mfents and became so interested in this work that in 15471, act :ﬁs :elne
0 tw.entifl—seven, he gave up teaching. The rest of his life was
Zper}t in the developmer'lt of 2 wide variety of electrical and other
evices. In 1847 he designed an electric locomotive powered by

3 of Ienelrgy made it imprac-
electric signaling systerr?l}s), efhtedgi;?;}llé),t haen{)intnhté
sraph spstam rﬂ}:}.’lf;arfl;eciudrees&gn?d Bostpnis first fire-alarm tele-

) telegraphic inscruments £

ing telegraph,

or many

45

e devices in which spe-

: . ated to incandescence in
the open air by electric current from a set of batteries. The light

from this source was powerful enou ial lichti
: : gh for a partal lich
his home in Salem, Massachusetts, Although l}l)is earlielsgt tel)ril}%er(;{

g commercial fruition, he
ge of the problems of incan-
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years. His suggestion of self-ex-
citation of the dynamo has already
been mentioned. His greatest fi-
nancial success was in the field of
telegraphy; he was ahead of his
time to some extent in his early ex-
eriments on electric traction and
electriclighting,andmade no prof-
it from them. From 1872 to 1881
he was employed as electrician by
the United States naval torpedo
station at Newport, and there he
made his more important experi-
ments in incandescent lighting.
His interest later moved from
lighting to the telephone and avia-
tion and back to electric traction.
The first incandescent lamp
made by Farmer after he resumed
work in this field in 1877 did not
carry him much closer to success
than his earlier lamps of 1858 and
1859. The new device consisted of
a graphite rod in an atmosphere of
nitrogen. Around 1878, when se-
Fi. 10. Farmer Lamp, 1879 ries-wired arc lighting was proving
A graphite rod was used as the  ¢yccessful, he proposed connect-
illuminant in an exhausted or ni- . . .
trogen-filled glass bulb, ing 111cande§cent }amPs in parallel
rather than in series, in order that
each individual lamp might be controlled without affecting the
others. He also favored a voltage regulation at the dynamo. Fur-
ther efforts produced a lamp patented on March 25, 1879, which
contained a horizontal carbon rod between two large carbon
blocks in an exhausted or nitrogen-filled glass globe. The sealing
did not remain permanent, and this lamp also was unsuccess-
ful. The Farmer patents shortly came under the control of the
United States Electric Lighting Company, discussed below. This
company became an important factor in the early history of
the electric-lighting industry, but the Farmer patents proved to
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be of only minor commercial
value.

HIRAM S. MAXIM

Another versatile experimenter,
who did not, however, arrive at
a practical incandescent lamp un-
tl Edison had shown the way, was
Hiram S. Maxim. After a pioneer
beyhood in Maine, he worked for
several manufacturing companies
before he became interested in
electlfic lighting. He had experi-
ence in the production of coaches,
{nachmer}n scientific instruments,
n.‘onwork, and ships. His inven-
tons up to that time had been
hml.ted to steam engines and auto-
matic gas machines, but he had
learned a great deal about all
phases of practical engineering in
spite of his lack of formal educa- Fre. 11. Maxim Lamp, 1878
tion. . The illuminant was a graphite

Maxim’s interest in electricity rod brought to incandescence in
started around 1877. He became hydrocarbon vapor.

f:h1eé engineer for athe newly formed United States Electric Light-
1\%/% n.ompany, \1>vhlch he founded along with Messrs. Schuyler and
Wi hlalrlrzisr(:n,hA thoggh thg company was primarily interested in
1aborg£tori égs,f e conducted 1ncandescept—hghting experiments in its
ppora ora num't?er of y.ears.Th}s was evidently the only arc-
1'gh ing company which actively tried to develop incandéscent
1ghting to a commercial stage. Maxim’s first incandescent lam
cons;sted of the ol,d sheet platinum burner in air, not much differ-
K/rllt from Farmer’s lamp of 1859. The main original feature of
axim’s lamp was an automatic short—circuiting device which
Eggrﬁxttei the platinum to coql for an instant when it became
ool '(/)g angogtilaerrltlea(grlig, fg; (;)thh a patent élp}}lication was made
, Was compose i i
a glass globe. The rod became incandgscent (z&hir%riipvg;cse lfgzielg




48 The Electric-Lamp Industry

by an electric current in rarefied hydrocarbon vapor. It, also, was
protected from excess current by an electromagnetic device
which short-circuited the graphite burner when it became too
hot.

In 1878, after carrying out the experiments mentioned above,
Maxim for a while devoted an increased proportion of his time
to arc lighting and to problems of electrical generation, distribu-
tion, and control. He had turned back to incandescent lighting
with renewed vigor by 1879, however, when activity by his com-
petitors and public interest had been raised to a new high pitch.

Maxim’s commercial lamp of 1880, which he used in a success-
ful installation only a few months after Edison’s first installation,
differed from the Edison lamp in no essential particular. His high-
resistance filament was cut from cardboard, carbonized, and sealed
into an exhausted glass bulb. At first the filament resembled a
Maltese cross, but in later lamps it took the shape of an M. It is
claimed by Jehl,"* one of Edison’s original helpers, that Maxim
was able to make a satisfactory lamp only after Edison had per-
sonally explained to him the entire proc-
ess, and after he had enticed away one of
Edison’s best assistants. The great similar-
ity of the two types of Jamp indicates that
this may well have been true. The produc-
tion of the Maxim lamp began in the sum-
mer of 1880, and installations of the Maxim
incandescent-lighting system were made
by the United States Electric Lighting
Company for a number of years.

In one respect the Maxim lamp was su-
perior to the Edison lamp. It employed a
filament treated with hydrocarbon vapor
to equalize and standardize its resistance.
Maxim was able to patent his method of
treatment in October, 1880, despite an
earlier patent by Sawyer and Man cover-
ing the same process. Although the proc-

Fie. 12. Maxim’s Com-
mercial Lamp

A vacuum lamp em- 11 Francis Jehl, Menlo Park Reminiscences, 2 vols.,
ploying a high-resist- Edison Institute, Dearborn, Mich., 1936-1939, Vol.
ance carbon filament. 1L, pp. 611-613.
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. pgses were similar, the disclosure of Sawyer and Man was more
 restricted and enabled Maxim to make his specific claims. Maxim
- concurred with Edison, Sawyer, and others in employing a self-

regulating generator to maintain an even flow of current and

_ in operating his Jamps in parallel.

After a few years’ concern with electric lighting, Maxim moved

' on to new fields. He won particular renown for his inventions on

guns, starting around 1883."% In later years he became interested
in other problems, such as aerial navigation.

ST. GEORGE LANE-FOX

A third inventor actively engaged in developing a commercial
incandescent-lamp was the Fnglishman, St. George Lane-Fox. In
1878 he patented his first lamp consisting of loops of high-resist-
ance platinum-iridium wire in an atmosphere of nitrogen or air in
a stoppered glass tube. He made another lamp about the same time
with a “burner” of asbestos impregnated with carbon and placed
in a nitrogen-filled glass bulb. The nitrogen was introduced, as in
some earlier lamps, to prevent oxidation of the illuminant. Neither
lamp proved satisfactory.'®

When the success of other inventors pointed the way in 1880,
Lane-Fox rapidly redesigned his lamp, using a carbon filament in
a vacuum glass globe. He carbonized a French grass fiber, re-
moved its hard outer surface, and then treated it with hydrocar-
bon vapor to obtain a filament of uniform resistance. Lane-Fox
received a British patent on this treating process on March 10,
1879. The process had been discovered in the United States by
Sawyer and Man, however, before its apparently independent
development by Lane-Fox.

12 Maxim went to England in 1881 after serving as the representative of the
United States Flectric Lighting Company at the Paris Exposition. He became
an English subject and was later knighted for his inventive accomplishments.

13 One great difficulty in the use of nitrogen or other chemically inactive gases
instead of vacua in incandescent lamps is that the gases conduct heat away from
the illuminant and reduce 1ts efficiency. A counteracting factor, the tendency of
the gas to reduce the rate of vaporization of the illuminant, is utilized in modern
filament lamps to increase operating temperatures and lamp efficiency. With car-
bon lamps, especially those of the small sizes used before 1880, the negative effects

of using nitrogen are greater than the positive effects, and a vacuum lamp is more
satisfactory.
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Lane-Fox developed a distribution system different from that
which had previously been outlined or was subsequently adopted
by other important inventors. He accepted the generators of other
inventors without significant change but used a single-wire cir-
cuit with both the lamps and the generator grounded so that the
earth acted as the return conductor. The flow of current was
regulated by a battery arrangement. The system was ingenious
but not wholly satisfactory. For the measurement of current con-
sumption he devised three different types of electric meter. De-
spite the breadth of his experiments, the most important advance
made by Lane-Fox over the work of his predecessors was his early
employment of a high-resistance illuminant.

The Lane-Fox system finally decided upon after 1880 was in-
troduced commercially in England by the Anglo-American Brush
Flectric Light Corporation, Ltd., which was organized in that
year. This concern bought the British dynamo and arc-lamp pat-
ents of Brush as well as the incandescent-lamp patents of Lane-
Fox. As a consequence, it was able to license operating companies
and supply equipment for either type of electric lighting.

WILLIAM E. SAWYER AND ALBON MAN
William E. Sawyer first took an active interest in incandescent
lighting in 1875, after some desultory work in this field. IHe had
developed his interest while working as a telegraph operator in

- New England and later as a reporter and journalist in Washing-
ton, D.C. By 1877 he was devoting his entire attention to electrical
experimentation, and he had developed several lamps which em-
ployed graphite burners in atmospheres of nitrogen and at least
one other which used a platinum illuminant. His glass globes were
cemented to metal holders and could be opened to renew the
graphite in the carbon lamps. Current was distributed by a wir-
ing arrangement with the lamps in parallel. The most that could
be said for these lamps was that they held a promise for the fu-
ture.

Sawyer was hampered in his work by his meager financial re-
sources. Early in 1878 he met Albon Man, a middle-aged Brook-
lyn lawyer, who became interested in the work and undertook to
assist him ostensibly as a financial partner. Man’s interest in scien-
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tiﬁ? matters grew so rapidly, however, that he soon became an
active partner in the experimental work. The joint efforts of the
two men produced a number of lamps employing a great variety
of ?arbon burners in nitrogen or in a vacaum. The first lam
which was exhibited utilized a carbon pencil held by carbon
blocks. A pencil held so rigidly did not allow for expansion and
contraction of the carbon and frequently. broke. To allow for
this, the Carbqn was formed into an arch or horseshoe. First. the
arch was fashioned from a rod of retort carbon, and later t;Vi S
of llvg willow and many other substances were tried. Among thege
materials was Cz}r’bonized paper cut into a horseshoe shape. Al-
though at the time, during 1878, the paper illuminant did not
seem to hold much promise, it nevertheless represented the closest
th:clt Sawy'er and Man came to the eventual solution. Their use of
this material anticipated Edison’s first commercially produced in-
candescent lamp, yet the thickness of the
Sawyer and Man illuminant was much
greater than that of the successful ilament
of Edison.

In the midst of these experiments, on July
8, 1878, the Electro—Dynamic Light Com-
pany of New York was incorporated to
manufacture lamps according to the Saw-
yer-Man system and to carry on further de-
velopment. It was formed with the aid
of a group of New York capitalists who
had hopes for large profits from this new
type of lighting. In the same year Sawyer
L and_ Man added to the completeness of
thelr_ electric-lighting system with the in-
vention and patenting of a mechanical
meter for the measurement of current con-
sumption.

Furcher experimentation indicated that
to renew the carbon in the horseshoe—type
Lamp, 1879 lamp took too long and was too expensive;
A nitrogen-flled lamp and the lamp was redesigned in 1879, The
employing a carbon neWw model contained a long carbon pencil
rod as the illuminant. which fed upward as it was consumed, and

F1e. 13. Sawyer’s Final
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was designed for cheap carbon r'enfawal with easy sealing and
exhausting. Nitrogen was used within the glass globe to reduce
the rate of oxidation of the carbon. This lamp seems to have repre-
sented the final choice of Sawyer and Man. Although more effi-
cient than their previous lamps and offering more apparent
likelihood of commercial success, it took them a step bac:kw.ard
to the complicated and uneconomical lamps of Konn, Bouliguine,
and other predecessors. ‘ .

Sawyer and Man confined their attention almost _excluswely to
nitrogen-filled lamps after the few experiments which they n}ade
with vacaum lamps seemed to prove them failures. They realized
that no vacuum could be perfect, and that thqre Wou_ld always
be some molecules of oxygen to carry on c.hemlca'l action. From
this they reasoned incorrectly that chemical action alf)ne was
responsi'ble for decay of the illuminant. They .dld not believe that
vaporization of the carbon could be‘ respon;lble, since the tem-
perature of the carbon was below 1its m'eltmg point. Actually,
vaporization is almost as great a threat to incandescent lamp con-
ductors as chemical action. The gas-filling of the lamp§ of Sawyer
and Man served to reduce vaporization Wlthout Fheur knowing
it; but at the same time it resulted in excessive cooling of the fila-
ment, and the lamps were not successful.

All the carbon illuminants used by Sawy_er a’nd Man were com-
paratively stubby as compared with Edilsons long, slender.ﬂ—
luminants. Although Man was sympathetw_to the idea of t’rylpg
longer and thinner carbons of higher resistance, Sawyer s in-
sistence that the resistance must be kept as low.as possible cclnﬁned
their attention for the most part to short, thick car.bons.1 Fven
after Edison’s disclosure, Sawyer expressed the belief that only
a low-resistance illaminant was feasible. Several years passed be-
fore he admitted the superiority of the Fdison-type lamp.

An outstanding contribution of Sawyer and Mar'l seems to have
been their first discovery of the method of preparing carbons by
“flashing” them in an atmosphere 'Of hydrocarbon gas. As the
carbon was heated by the gradually increasing strength of an elfac—
tric current flowing through it, those portions of greater resist-

14 Pope, op cit., p. 74.

Genesis of the Lamp Industry 53

ance were heated most rapidly. The hydrocarbon vapor in
contact with these hotter portions decomposed, depositing a layer
of pure carbon on the horseshoe or pencil. In this manner carbon
was precipitated where the resistance was highest, and the process
could be controlled to produce any desired resistance uniformly
along the entire length of the illuminant. Lamps with treated
carbons were more efficient than those containing untreated
carbons.

The process was patented by Sawyer and Man in the United
States on January 7, 1879, and by their agent in England some-
what earlier. Its importance was not appreciated until after the
incandescent lamp had come into commercial production, how-
ever. By then Lane-Fox in England and Maxim in the United
States had each patented similar processes for use in connection
with their own lamps, and Edward Weston had carried out ex-
periments along the same line. Most other leading manufacturers,
except Iidison, subsequently gained the right to use the process
through mergers, licenses, or the outright purchase of a patent.

JOSEPH W. SWAN

Joseph W. Swan ** was the second individual who played a part
in both early periods of the technical development of the incan-
descent lamp. Swan was originally a chemist; but long before he
turned his entire attention to electric lighting he had made a brief
investigation of the problems of lighting by incandescence. As
early as 1860 he had made various experimental incandescent
lamps in England, employing horseshoe-shaped carbonized strips
of paper and cardboard of low resistance as his incandescent ma-
terial. These early lamps, operating in a vacuum inside a bottle
or bell jar, broke down quickly because of air leaks. Discouraged
by the meager results of this work, Swan discontinued his ex-
periments on lighting for a number of years.

As laboratory assistant to a firm of manufacturing chemists,
Swan made his early technical contributions primarily in the field
of photography. He developed a dry plate, a practical carbon

rinting process and bromide printing paper, among other things.
gp p g pap g g

15 He later was knighted in recognition of his scientific achievements, partic-
ularly with respect to incandescent lighting.
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He also later designed an improved cellular-surfaced lead-plate
storage battery.

Stimulated in large part by Crookes’ success in obtaining a
vacuum in his radiometer with the aid of a Sprengel mercury
pump, Swan in 1877 resumed his attempts to make a practical
mcandescent lamp.*® With the assistance of Charles H. Stearn,
who was skilled in the use of vacuum pumps, he repeated his ex-
periments with carbonized paper and cardboard. Higher vacua
brought more encouraging results. Nevertheless, the lamps de-
teriorated rapidly in operation, as water vapor and gases were
given off by the hot glass and the incandescent carbon. Early in
1879 Swan found that he could overcome this difficulty by heat-
" ing the bulb in a flame, and by passing a strong current through
the carbon while it was still connected to the exhaust pump. In
this manner, the occluded vapors and gases
were driven off and a better vacuum could
be maintained throughout the life of the
lamp. At about the same time, Edison made
the same discovery during his experiments
with platinum and platinum alloy illumin-
ants for the incandescent lamp.*

The progress of Swan and Edison in their
search for a practical incandescent lamp
seems to have been fairly comparable dur-
ing most of 1879. Swan recognized that
low-resistance carbon lamps were not ade-
quate and worked in the direction of higher
resistances; Edison realized that he could
not obtain the desired results with platinum
and swung over to carbon. The Swan lamp,
which by that time was employing a very
slender carbon rod in a vacuum-sealed glass
bulb, was the closest competitor to Edison’s

Fic. 14. Swan Lamp 16 The work was done independently by Swan and
o > not for the chemical company.

1878 17 Alglave and Boulard (op. ¢it,, p. 172) claim that

A vacaum lamp em- Edison preceded Swan in this discovery, and that

ploying a slender car-  Swan merely applied Edison’s results in platinum to

bon rod enclosed in a  his own problems in carbon. Other contemporary

sealed glass bulb. writers do not support this claim.
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- commercial lamp of 1880, even though Swan had not yet pro-

gressed to the use of carbon in filamentary form. It was claimed
that Swan anticipated Edison by making successful demonstra-
tions with his lamps in December, 1878, and the summer of 1879:
but it seems clear that those lamps deteriorated rapidly and Weré
otherwise not suitable for commercial application. Swan shifted
from hi's slender rods to a carbon filament similar to that of Fdison
some time after the announcement of FEdison’s real success.!®
Moreover, Swan’s results were not released to the public unil
June, 1880, and he was relatively slower in taking out patents on
his inventions.

Another respect in which Swan notably lagged behind Edison
was his lack of provision for the distribution of current to his
lamps and for other elements of a complete lighting system. He
contributed nothing to the development of the dynamo and advo-
cated the use of series wiring for the transmission of current.
Even after the advantages of wiring lamps in parallel had been
point;ed out by other inventors, he did not immediately admit the
superiority of this method of energy distribution.

British patents were granted to Swan in 1880 on his develop-

ments, and in the same year a company was formed to manufac-
tare incandescent lamps of his de-

sign. The Swan lamp was intro-
duced to the public soon after its
technical development.
Continuing his attempts to im-
prove the texture of the illumi-
nant, Swan discovered a process of
“parchmentizing” cotton thread
with dilute sulphuric acid before
carbonization, for which he was
granted a British patent late in

1880. Although he had patented

18 Some English writers never admitted
the priority of Edison in developing the
first practicable incandescent lamp; and
even at the present time there remains
some slight difference of opinion on the F1e. 15.Swan’s Commercial Lamp
matter. Tht.? Veriﬁable facts all point to A high-resistance carbon lamp
the conclusions given above. operating in a vacuum,

.
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the same process earlier in the year in connection with paper fila-
ments, he soon found that the thread produced more efficient
lluminants, “Parchmentized” filaments were structureless, unlike
the Edison filament, and hence more uniform and more efficient
than untreated fibers,

3. The Work of Thomas A. Edison

Thomas A. Edison was the last of the six leading inventors to
undertake the “subdivision of the electric light.” He made his first
experiments with electric lighting in 1877, and he became seri-
ously interested in the new field only in the summer of 1878,
when he inspected the electrical-goods factory of William Wal-
lace at Ansonia, Connecticut, and was greatly excited by the
dynamo and arc-lighting system which Wallace showed him.
Although Edison secured one of the dynamos*® for use in his
own laboratory, he felt that the solution to the electric-lighting
problem lay in the incandescent lamp rather than the arc lamp.
In 1878, at the age of thirty-one, Edison had already made
many important inventions and was known as the “Wizard of
Menlo Park.” He had not attended school, but under the tutelage
of his mother he had read history. and science voraciously. At a
very early age he went to work as a newsboy on a railroad. He
quickly expanded his activities to include publishing a paper,
running a news stand, and other profitable ventures. While en-
gaged in all these endeavors, he undertook chemical experimenta-
tion and learned telegraphy. As a telegraph operator he acquired
experience in electricity and devoted most of his income to ex-
perimentation on whatever attracted his attention. When hardly
out of his teens, he went to Boston as a telegraph operator and
opened a small workshop for experimentation. He ran into debt
while perfecting a chemical vote-recorder. Even though the
recorder worked satisfactorily, he could find no purchaser for it.
This experience is said to have made him determine never again
to work on an invention unless he was sure it would be useful.
Edison’s inventive career flowered rapidly after he went to
New York in 1869 at the age of twenty-two. He was fortunate

18 This dynamo was a product of the joint efforts of Wallace and Farmer, who
had had a long-standing interest in generating machines.
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in selling at good prices several inventions in the telegraphic
field, such as his stock-ticker and gold-ticker, which freed him
from debt gnd provided funds for further work. Improvements
in the multiplex telegraph, printing telegraph, and other devices
further established him as a leading inventor, and in 1870 he set
up Sh(.)P as a successful manufacturer of stock-tickers and tele-
graphw mstruments in Newark, New Jersey. While there he
also 1nver1ted the mimeograph and the electric pen; but he found
the conflict between manufacturing and inventing to be irrecon-
cilable. To gain the freedom he wished, he gave up manufacturin
in 1876 and with his own money established a laboratory at Menlg
Park, New Jersey, where he could devote all his time to experi-
mentation. It was there that his greatest technical contributions
were made; for, besides the incandescent lamp and all its relate&
devices, he developed the carbon telephone transmitter, micro-
Rhone, phonograph, magnetic ore separator, and many orher de-
vices. After about 1885 he moved on from the incandescent lam
as most of his fellow inventors had done, and devoted his eﬁor}t)s,
o a Who}e new series of interests, including the Ediphone, the
motion-picture camera, an alkaline storage battery, talking’mo—
tion piceures, and improved methods of producing carbolic acid
and.other chemicals. e took out over one thousznd patents on
the inventions made during his lifetime.

FIRST EXPERIMENTS ON INCANDESCENT LIGHTING

Dprmﬂg the last few months of 1877 Edison had experimented
with rncandescent lamps employing carbon, platinum, boron
chromium, and other substances as illuminants. Howe’ver the
d_.evelopment of the phonograph was claiming most of his a;ten—
ton, and the lamp experiments received only secondary notice
They were laid aside for more than half a year when the pressure
ef ot_her work became greater and his health was temporarily
impaired.

When.he saw the Wallace-Farmer dynamo and arc light in
1878, Ed.lson was struck forcibly by the possibilities of electric
illumination. Despite his familiarity with electricity and his in-
cgndescent—lighting experiments of the year before, he had not
given much thought to this field. Now, however, he attacked the
development of an incandescent lamp with great enthusiasm and
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ighti upied
vigor, and problems of the lamp and the lighting system occup
’ )
i i or seven years. '
most of his attention for six ‘ ' , .
Before initiating actual experimentation on mca}rlrdescerfrtgl;% itl_
ing, Edison made a very intensive studyhofhall p ;seisto) aicom
X -—
inati refully what he wishe co /
lumination and reasoned out ca vhat . 1
i th electricity,
i te gas lighting wt
lish. He strove to duplica _  lighti with dlectcly,
i while eliminating the ba .
retaining the good features 1 < ones. He
same candlepow gas
make lamps of about the
DE oD i i alogous manner, so
1 i to them in an analog
ets and to distribute energy : T S0
]that each lamp could be operated 1ndependently of all other lamp
on its circuit. . ' _
One of the first public statements Wlueh Edison made a?ol‘lgel:;s
new interest and his intentions appeared in a newspaper inte .
Edison said to the reporter:

1 have let the other inventors get the start of me mllérst rr?ca'ﬁe];tzorglgt
what, because 1 have not given much attention to e ch < Cgan ;nake
i believe I can catch up to them now. I have an idea tha can make
the electric light available for all common uses, and supply

i i about
trifling cost, compared with that of gas. Therlel 1sur;gti1igic;lgﬁerem
dividing up the electric currents and using sma 'lll e et gt
points. The trouble is in ﬁn%mg a ca(rirdole1 tohrag glqs %l;;ﬂy 1;5 e ;

intense, which can be tume : as.

l:lz?rtrg?eocannot l)e made from carbon points, Yllécgo?nftso%zi «2231
must be readjusted constantly while tlley do }asn. Some composition
must be discovered which will be lummou? ?_Imelm Wirg s good
tricity, and that will not waste away. A plati  moaan it good
light when a certain quantity of electricity Is pas.s11 Ot 0 por
current is made too strong, however, the wire wi .

something better.2®

i i i descent
ison was aware of the long technreal history o_f incan
li Ellllgind the progress toward fulfilling the public rrfea;lefro;:tltll;z
“sgubdivision of the electric light.”” He was also aware do  the nature
of the work which was currently being perforr}rlre Zemer}lrng
d Man, Maxim, and the others. He knew that e wa cring
Etllrle development late, but hoged to be1 the ﬁr;rhtBO gll\(::tnt da‘lfﬁcult
i i incandescent lamp. .

ar;;reccl? 1l)}fr t;aen;f]flocgl)errll \lzvas the composition and form of the in-

candescent material.
20 New York Tribune, Sept. 28, 1878, p. 4.
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There were elements both of financial reward and of personal
glory 1n being the inventor of the first successful incandescent
Jamp. Edison was far from oblivious of the possible financial re-
turns, but he had what is commonly thought of as the inventive
spirlt to such a degree that for him pecuniary reward seems to
have been secondary. When the reporter suggested that he mighe
“easily make a great fortune,” Fdison replied, “I don’t care so
much for fortune as [ do for getting ahead of the other fellows.”

He had a far more elaborate and fully staffed laboratory than
any competing inventor, and he was well aware of this advantage.
In the same interview, he commented on his acquisition of the
Wallace dynamo: “Now that I have a machine to make the elec-
tricity, I can experiment as much as I please. I think . . . there
is where I can beat the other inventors, as [ have so many facilities
here for trying experiments.” The laboratory was one of the
earliest industrial laboratories of significance in the United States,
Its facilities and staff were small by present standards but very
large by those of the time. It is evident thar this organized inven-
tion was a major factor in Edison’s eventual triumph over his
competitors, equal in importance to his own innate genius and
ability. Pope’s statement, that the outcome of 4 race between two
Imventors is perhaps as often as otherwise determined by chance
or accident,®® was not correct in this instance. Under the circum-
stances, the probability of success was greater for Edison than for

any of his rivals.

Many of Edison’s chief assistants went with him from Newark
to Menlo Park, and their continuity of experience with him on a
variety of problems was helpful in developing an incandescent
lamp. The number of workers in the new laboratory and sur-
rounding buildings grew as the years went by, particularly after
1879, although in 1878 the nucleus of the force totaled scarcel
ascore of men, among whom Francis R. Upton, Edison’s mathe-
matician, was one of the few college graduates. Besides the central

~ group, there were many less highly skilled laborers, however.
“The laboratory was entirely devoted to practical engineering

development, with a financial return expected from every project.
Despite his optimistic statements to the Tribune and other re-

21 See above, p. 35.
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porters,”? which aroused widespread public interest and precipi-
tated a brief crisis in gas-company stocks, Fdison’s first idea for
an incandescent lamp resulted in complete failure. The experi-
ments were performed with carbonized paper and other carbon
conductors, and their lack of success seemed to prove the im-
practicability of carbon. Edison went so far as to state on No-
vember 25, 1878, that he had tried carbon and carbon would not
do,? whereas two days previously Sawyer had said publicly that
he had cast platinum aside as worthless a year before.?* Both
Sawyer and Maxim were devoting almost their entire attention
to carbon even as Edison temporarily abandoned it.

Grosvenor P. Lowrey, a leading New York lawyer and friend
of Edison, had become interested in electric lighting shortly be-
fore that time and had urged Edison to speed his work on the
incandescent lamp. Because Edison felt that he could not carry
all the expense of the development himself, the two, with the
assistance of a number of Lowrey’s capitalist clients, including
J. P. Morgan, organized the Edison Electric Light Company on
October 17, 1878, with a capital of $300,000. The funds enabled
Edison to expand his facilities and continue the work. This com-
pany was the first in the series of Edison development and manu-
facturing companies which were eventually brought together
under the Edison General Electric Company, a forerunner of the
present General Electric Company. The young electric-light
company also later became the parent patent-holding company
in the hierarchy of Edison central-station illuminating companies.

Edison’s long record of success with previous inventions had
gained for him the almost unlimited financial support of his back-
ers. Nevertheless, he was required to give evidence of commercial
promise for all inventions supported by their funds. The coupling
of the inventor’s energy, perseverance, and creative genius with
the shrewdness of his financial supporters provided a most effec-
tive leadership for Edison’s commercial laboratory.

22 See, for example, articles printed by the New York Sun, Sept. 16 and Nov.
25, 1878, and by the New York Herald, Oct. 12, 1878.

23 Article in New York Sun, Nov. 25, 1878.
24 Lecter in New York Commercial Advertiser, Nov. 23, 1878. (See Pope, op.

cit., p. 23.)
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UNSUCCESSFUL EXPERIMENTS WITH PLATINUM

Having temporarily given up on carbon, Edison turned to plati
pum gnd other rpetals and for nine or ten months re eateg thl—
experuments of his predecessors, trying vainly to develoI})) a ractif
cal 1ncand§scent lamp of this type. Some initial success ir? these
new experiments roused Edison’s enthusiasm for further publi

statements that he had the problem almost solved, A ainpthe1C
lvﬁlspavs s‘%igening’ of puPéic interest and a flurry in g.%ts slglares T}f:

; 1th platmum “burners” in air or i i
merit the claims Edison made for them, but tllrllei t‘;?lfg%limhiril Sn;?;

Fie. 16. Edison Platinum Lamp, 1878
A platinum-wire lamp em

: loying a the i
exrsive e ploying rmostat to protect the wire from
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things which helped considerably in making a successful lamp

when he turned back to carbon.
The first two platinum lamps developed had thermostatic de-

vices for short-circuiting the platinum wire when it became too
hot. A momentary interruption in the current prevented the wire
from melting and destroying the lamp. This idea was not new,
however, for Maxim and others had already developed similar
current regulating devices. The complexity and unsatisfactory
operation of this sort of regulator later encouraged Edison to
work out a method of regulation at the generator, a scheme which
Sawyer and Man had favored even before Edison’s first lamps
were made.

Many other lamps were developed during that period. One
was of platinum foil, similar to Farmer’s lamp of 1859. Another
was similar in some respects to Jablochkoff’s “electric cancle,”
employing a composition of a finely ground metal, usually plati-
num or iridium, with a non-conducting material like clay. All
these lamps contained illuminants of low resistance, and none was
practical.

FEdison was the first inventor to consider the cost of wiring a
city for electric lighting, and he discovered that with low-resist-
ance “burners” the electric mains carrying the current would
have to be of such great cross section that the cost would be

rohibitive. He became convinced, contrary to almost all other
leading electricians, that the solution to practical incandescent
lighting lay in a high-resistance illuminant of small radiating sur-
face which would require only a small flow of current.®® Among
several lamps devised upon this premise one employed a carbon
rod pressing upon one of platinum. The poor electrical contact
caused the carbon rod to glow brightly. Although this was not
satisfactory, it led to a series of attempts in the spring of 1879
which were more successful. High-resistance lamps were made

of thin platinum wire in sealed vacuum bulbs. The platinum wire
was wound on small spools of clay, coated with zirconium oxide
to retard evaporation of the platinum, and connected to larger

25 The success of Edison’s experimentation and invention is a great tribute to
his reasoning ability as well as to his ingenuity and perseverance, for the knowl-

edge of electrical mathematics was still very Jimited at that time.
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fﬁigg;}r:lthlee;t;: wires which brought the electric current
The high-resistance platinum lamps were much more satis-
factory than anything Edison had tried before, and he came
closer than any previous experimenter to making a’ practical plati-
num lamp. Nevertheless, his results were not all that cou{)d be
desngd for commercial use. A fundamental difficulty lay in the
conﬂch between the temperature required for the incangescence
of platl.nurn gnd its melting point. Even though the melting point
of platinum is higher than that of most metals. it mvedg fo be
too loyv for an incandescent lamp of satisfactory ’eﬁic}i)enc More-
over, in platinum lamps which used coatings of Zirconiuzr.l oxide
the oxu_:'le bgcame a conductor when heated during 0peratior; anci
sho%rt-cxrcuxted the platinum. The elimination of the thermostatic
dev1ces from the platinum lamp lefta lamp looking almost exactl
like the carbon lamp of six months later, except for the illuminangf
Ot‘her metals and nonmetals, such as boron, silicon iridium'
rhochurnz chromium, zirconium, zirconium oxide, titanil’lrn oxide,
and osmium, were tried as illuminants without any greater suc—’
cess. Some of them were used much later by other experimenters
n theﬂ attempt to improve incandescent lighting, and some, when
used in the proper form, are actually superior to carbon Never—
the.less, the state of chemical science and the tools With which
Ech.son had to work were not adequate for successful application
to 1ncandes¢;ent lamps at that time. If tantalum osmiErn and
tungsten, with their higher melting points, had be’en availat’)le to
EdISO.D in the form of slender wires, it is almost certain that a
practical lamp would have been made then. These elements were
known, and osmium was tried, but twenty to thirty years went
by. before they were successfully made into fine wires. Their
ultimate employment was the work of trained chemists f'r
than that of electricians. e
Edison decﬁided quickly that a vacaum in the bulb was pref-
erable to an mnactive gas. Almost all his later experiments svere
made with vacuum lamps. He reasoned that, even though a gas
did not t;ornbme chemically with the illuminant, it graduall ge—
stroyed it by “air-washing,” which he described as “the attgtion
produced by the rapid passage of the gas over the slightly-coher-




The Flectric-Lamp Industry

the carbon.” 2® His reasoning W:ixs
1 referable

not correct, yet his conclusion that vacuum lamps Werebp referate

? - -

to gas-filled lamps was correct for his time and was su snOt fated

bygseveral decades of commercial experience. Ilt Wazs_ﬁned il

after the introduction of the tungsten ﬁlanfient that g

candescent lamps were used on a 1aé§:i ;C;tatct.ua i the glas b

1 ts to O _

In the course of his attemp ' s
of the platinum lamps, FEdison made a d1scover}é Vlergf ‘:lgis ant
to the later success of his carbon lamp. He found ¢ zla - tﬁe s and

ases were occluded in the glass bulb and stem an © metal
%lament When the lamp was operated, the gases Weﬁ"e gspect i
. . g
1 i The same discovery wit
and 1mpalred the vacuum. ery with respect 1o
bout the same time by ,as h
carbon filaments was made a Swan, a5 has
n learned how to ma
already been stated. Each ma : o
facto:(y vacuum in his lamp by %eanzg tbe ﬁlan&eré(t) ;?fgb:f s
i ted. The heating an
the lamp was being exhaus d cooling o e
occluded gases but a ;
filament not only drove out the also mace the
i i d and dense, decreasing
surface of the lluminant har e, ds ietle-
ness and increasing the temperature at which it could be oper
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ent highly-heated surface of

SUCCESS WITH CARBON

p D S h atn ) 1t -

fully with other forms

of illumination. In the fall of 1879 Edison once again turned to

i i il a most troublesome
the illuminant was st1 st
carbon, Although ade in the decision to employ

ductor. Edison’s task was to discover a ma-
° ) 3 ° . Olnt

terial of the proper resistance with a high er;ougthdr;ef&ré% Opn B

i incandescence withou ion.
to be heated to efficient inc ; straction.
1 d interest in carbon came g

was said that the renewe : of

the inventor absent-mindedly rolled. between h1sb {ingleése i(})l?ue of

the lampblack and tar which were lying on the Fal e. e thon ghjs

presented itself that a filament of such material mug

dent that a platinum lamp of sufficient ¢
made cheaply enough to compete success

problem, great progress had been m
a high-resistance con

problem.27

In September and October, 1879, Edi.son and his mgn g)e;:s—
formeds large number of experiments with carbon conductors.

1880.
26 From specifications of Edison patent No. 223,898, dated Jan. 27,
27 Jehl, op cit., Vol. 1, 1936, p. 331.
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They tried hundreds of different forms of

carbon in rapid succession, taking advan-
tage of their excellent facilities for speedy
development. The experiment which fi-
nally led to success started on October 19.
A piece of cotton sewing thread was car-
bonized by heating it to a very high tem-
perature out of the presence of oxygen.
This thread, bent into a hairpin shape, was
then fastened to two platinum wires
mounted on a glass stem. The wires led
through the stem and out of the exhausted
glass bulb containing the carbon filament
and were inserted in an electric circuit.
When tested, this filament burned for al-
most two days.

Feeling confident that some form of car- e, 17 Edison Paper-
bon would give him what he was looking  Filament Lamp, 1880
for because its melting point was so high,?® A vacuum lamp em-
Edison continued his search for the best ploying a horseshoe-
possible material. The carbonized cotton E};Z&eeit Bristol-board
thread was very fragile, and a more service- '
able illuminant was desired. Paper provided a tentative answer. It
had been used as the material in illuminants by previous experi-
menters, although never as a high-resistance filament. Some of the
first Edison lamps made with narrow horseshoe—shaped pieces of
carbonized Bristol board lasted as long as 170 hours. Bristol-board
filaments were used in the initial public demonstration of the lam
on New Year’s Eve and in the first commercial lamps made by
the newly formed Edison Lamp Company late in 1880. Wide-
spread public skepticism at this third announcement of Fdison’s
success gradually gave way to enthusiasm after his demonstration
and trial installation had been reviewed.

. The paper filament was not wholly satisfactory, even though

Edison put it into commercial production, and thousands of ex-

28 The melting point of carbon is about 3500°C,,
temperatures above 1700°C. Even at the temperatures between 1500° and 1600°C,

which were eventually used in most carbon lamps, the vacuum had to be very
good to protect the carbon from rapid oxidation,

but it volatilizes rapidly at

%
i
|
f
i
|
|
!
i
i
|
f




The Electric-Lamp Industry

periments were performed with other sub-
stances. One day he saw a palmet_to fan
lying on a table and had one of his men
make a filament from the bamb.oo strip
which held it together. The efficiency of
the lamp made from it was so vmuch greater
than the efficiency of those using paper that
bamboo became the standard filament ma-
terial in the Edison works unril 1894. Tak-
ing advantage of his ﬁnappral resources,
Fdison sent several expedrtrorrs to China,
Japan, the Amazon Valley, India, and other
remote places to find still better fibrous ma-
terials. A particular type of lapanese bam-
boo was found to be most 'satrsfactory,'and
for many years it was cfultrvated especially
. Edison Bam- for him by a Japanese farmer. o
Ez’(z'é;afgent Lamp, Edison }attempted to protect all his im-
1881 portant developmerrts by patents in foreign
A vacuum lamp em- .o uneries as well as in the United Stares. On
ploying a Sg)eqalsjiﬁé or about November 4, 1879, he applied focr1
%?frsferiaxa;%ﬁ. American, British, Canadran, French, and
other patents to cover his cotton—thread
filament lamp. The British patg:nt \1>V7as %rlantzcin Tjr?;];:zii;% a;;las
e Canadian patent November 17. iLhe 3
;I;t issued unt}i)l the following Januory 27. Ever11 tltl)ouggro (pafplzr
illuminants quickly replaced the cotton thread, 1t he arrtl) boo il
ment represented 4 return to theﬂuse gf 'Stnt][ftufriis :e;g;ia;l 5 That,
i rominently mentioned in the tent.
‘;1216(1{111, ‘;?(r).e 2})23,898, pered todbe the basic patent in the early
erican incandescent-lamp mdustry.
Ar]r*lidison applied for a second'patept Decembelr) 11., 31872, gp
cover a similar lamp using an 1llurr}1nar1t of carbonized p (pt e(i
preferably Bristol board. That application ran into hun}pxp;;itiSh
difficulties in the United States Patent Office, although the

o ve
application was granted within a few days. For more than fi

.. ced
29 Another patent specifically pertaining to the use of bamboo was grante
Dec. 27, 1881,

Genesis of the Lamp Industry 67

years Edison fought to secure the American patent, only to lose
in the end.
It will be remembered that Sawyer and Man had made incan-
descent lamps using low-resistance paper conductors early in
1878. They did not apply for a patent on their development,
however, until after Fdison. Papers had been drawn up and given
to their patent representative for the purpose of obtaining a
patent, but Sawyer had refused to sign the application. Soon
after the organization of the Electro-Dynamic Light Company
friction had developed as a result of Sawyer’s disreputable per-
sonal habits, and he was discharged. He organized the Eastern
Electric Manufacturing Company in 1879, and for a time seems
to have been interested primarily in breaking down the first com-
pany which he had helped to establish.?® As might be expected,
technical progress by both Sawyer and Man was seriously im-
paired. When Edison made his disclosure on the paper filament,
Sawyer recognized the importance of his own previous work
with Albon Man, and on January 9, 1880, he signed the applica-
tion. The two applications promptly went into interference in
the patent office, and they were locked in a long struggle to obtain
legal supremacy. Despite Edison’s priority of application, Sawyer
and Man were able to prove priority of reduction to practice and
were finally granted their patent on May 12, 1885,

THE EDISON LIGHTING SYSTEM

Edison saw the necessity of perfecting a complete incandescent-
lighting system rather than simply an incandescent lamp, and he
improved on the work of his predecessors and contemporaries in
virtually every phase. He was one of the first strong supporters
of central-station generation and distribution of electric energy.
He believed in supplying as large an area as possible from a single
generating station to obviate the necessity of each home or build-
ing having its own generator. 1he lamp itself was the heart of
the system; nevertheless, commercial success or failure depended
in addition upon the efficiency of the generating source, the
method of distributing energy, and the method of obtaining a
constant flow of current. Fach of these, as well as a meter to

measure current consumption, was intensively studied.
8¢ Pope, op cit., p- 33.
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. as to all

Tt has already been seen how important the dynaénge‘gl made
electric lighting. Though practl_cal dynamos Weraﬂable gfor e
commercially, the best arc-lighting gen{%r%tmits jr?d most of them

. 0 per cent efficient,

FEdison were only about 50 p voltage
bzve \ constant ﬂox}; of current rathe%' than theh co}rllst%rgtuld ha%e
gesirable for incandescent lighting. Edison feltt faito ‘:3] Sinternal e
something better and decided that a dynamo o 1 ore efficient
sistance with a high-resistance field would prpv11 eam o
and more satisfactory conversion of r.rlechamc'a }f nergy ounter to
trical energy. The validity of this idea, Whl(ci branhiz develo.
prevailing accepted principles, was c;nlﬁrmét 90yper ont

i efficiency of close to 90 p :
ment of a dynamo with an X to its users pro-
istributing electric current to 1
he method of distributing rallel
viélf:d another major problem. An arrangement of laerS mo}i)r?t He
was no novelty, and Edison adopted that as his sta}‘tln% f Ond- oy
k] a M
was successful in improving this type of d1str1butlcl>1r;r }278 1880
achievemnents of his competitors, however. Qn ]a@n 'bytiOr’l frorr;
he applied for a patent on a system of multiple d1s;r1 ut.11 oo
a nufnber of generators. The patent was not grante }leE diso§ 1
to the -
i d to be a legal advantage :
30, 1887, but it prove _ 8 : ms of in-
lur’ninat'n:lg companies in competing with other syste
candescent lighting. .. distri-

Further improvements on the original system f)f ene;‘f}\; o

bution were developed continually. One mfnovatlli)él ;Znerators .
: the current from the | :

f “feeder” wires to carry e ‘on
ulslz (l)ar er “mains” which ran under the street. T}}mdmnovat re,
*E;vhich %vas patterned after the methods of the gas :in usttcl)‘zfs, I?lOSt
vented an undesirable voltage drop mEt(?G lamps agra:;;) 4 another

. . In 1883 Edison was

distant from the generators. In | tem.®! With the two larger
patent for a three-wire distribution syste d. e lon third swire

. i ducting mains and the sma

wires acting as the con . 1el be-

serving as gneutral wire, lamps were cpnnec.tei;zlr gl)iz;r;evelop_

rween either of the outer wires and the third wire. he weight of

ment resulted in a saving of over 60 per cent mn t g -
ime by Jo

31 The three-wire system was also worked out at about the same time by J

i i designed
Hopkinson, an English consulting engineer, who in 1883 and 1884 redesig

; e Edison dynamo. . istribution. Satisfactor
an;i2 lSmp;OZedeilcm is feasigle only for direct-current distribution. Sa Y
uc

in 1883.
alternating-current systems had not yet been developed in
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copper required for a given current capacity in energy distribu-
tion.
The flow of current was regulated at the generator in the final

Edison system. In this Edison concurred wich the judgment of
Sawyer and Man, Swan, and others. He was probably ahead of
many of them, however, in his selection of about 110 volts as the
proper potential to use in his system instead of the considerably
lower voltages used by most others. He calculated that this
voltage would reduce the amount of copper needed for wiring
to the minimum compatible with optimum lamp performance.
The selection was wise for the times, since the cost of mains is
one of the largest capital items in central-station electric lighting.

The majority of his competitors made lamps adapted to potentials
of 40 to 70 volts for several years. The lower—voltage lamps were

evidently brought out primarily because they were easier to make,

for thicker and stronger filaments of lower resistance were used

in them.® As the economies of higher potentials became more
widely known and as the skill of lamp makers increased, the tend-

ency toward 110 volts became universal.

One further clement of a commercial in
system is the meter with which to measure t
tion of each individual consumer, A mecha
made and patented in 1872 by Samuel G
Lane-Fox, and many others had developed
purposes. When the need for a measuring d
Edison evolved a number of alternative ty
the electrolytic or chemical meter proved most successful, re-
quiring only the weighing of zinc or copper plates to determine
how much metal had been transferred and consequently how
much current had been used. Its simplicity and accuracy when
correctly handled were so great that it remained in use for g
number of years; then it was replaced by improved mechanical

types.

33 The Edison plant also made some 55
ducers made lamps with higher voltages.

candescent—lighting
e energy consump-
nical meter had been
ardiner; and Sawyer,
meters for their own
evice confronted him,
pes of meter. Of these

-volt lamps, and a few other early pro-




Chapter IV: COMMERCIAL DEVELOP-
MENTS DURING THE FORMATIVE
PERIOD OF THE ELECTRIC-LAMP
INDUSTRY: 1880-1896

1. Early Commercial Experience and Expansion in the American
Electric-Lamp Industry, 1880-1884

FIRST INSTALLATIONS

Tue first commercial installation of incandescent lighting
was made by Edison in May, 1880, on the steamship Columbia.!
Henry Villard, president of the Oregon Railroad & Navigation
Company, had seen Edison’s first public demonstration of the

lamp and had determined to use it in his newest ship. Even with -

the crude equipment of that date, the resulting lighting system
with 115 lamps operated satisfactorily for fifteen years before it
was replaced by more modern equipment.

The second commercial installation was made in the autumn
of 1880 by Maxim and the United States Electric Lighting Com-
pany. They lighted the basement reading rooms of New York’s
Safe Deposit Company. The installation included about 50 lamps,
which performed satisfactorily and may even have surpassed
those of Edison in some respects.? Maxim possessed an advantage
in his use of the filament-flashing process, which was not available
to Edison.

The second land installation of an incandescent-lighting plant
was made by Edison in January, 1881, in a New York lithogra-
pher’s shop. Rapid expansion in the number of installations began
several months later, when the various parts of the lighting sys-
tem had been more nearly perfected. Small, complete generating
plants were placed in stores, hotels, residences, and factories to
provide current for incandescent lighting. Early in 1882 an Edi-
son subsidiary company, the Edison Company for Isolated Light-

I During most of 1880 the streets and houses of Menlo Park, N.J., where the
I.dison laboratory was located were lighted at might by an experimental in-
stallation. 2 Pope, op cit.,, pp. 80-81.
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ing, was organized to promote and carry out incandescent lighting
installations. On June 27, 1882, there were sixty-seven Edison
lants of 10,424 lamps in operation or in process of installation 1n

_ the United States. The number had more than doubled by the end

of the year. By the middle of 1886, Edison isolated installations

in the United States had increased to seven hundred and two

plants of 181,463 lamps.?

PIONEER MANUFACTURERS
Edison and his associates were naturally the first to undertake the

- commercial production of carbon-filament lamps and related

equipment. The lamps for the Columbia were made in the Menlo
Park laboratory by the Edison Electric Light Company. The di-
rectors secem to have been unwilling to commit themselves to
manufacturing lamps and equipment on a large scale, however.
They considered the company to be a development and patent-
licensing concern only. Accordingly, Edison himself organized
a new company, the Idison Lamp Company, in which he held
an 80 per cent interest, to occupy itself solely with the manufac-
ture of lamps under the patents of the Edison Electric Light Com-
pany. The lamp works first went into production in a small fac-
tory near the laboratory at Menlo Park in November, 1880, and
were shifted to a much larger plant at Harrison, New Jersey, in
1882. Because Edison felt that it was unwise to buy the other
equipment needed for lighting installations from existing manu-
facturers, he engineered the organization of three more Edison
companies to make dynamos, underground conduits, wire, and
other components. Fixtures, sockets and similar auxiliary appli-
ances were made for Edison by Sigmund Bergmann & Company.*

Two other concerns had been interested in incandescent light-
ing before 1880. The United States Electric Lighting Company

3 From a folder of the Edison United Manufacturing Company, New York,

1886. Annual growth in the use of incandescent lighting during that interval is
illustrated by the following data for the Edison isolated plants: 1881, 5,122 lamps;

1882, 153 plants and 29,192 lamps; 1883, 64,856 lamps; 1884, 98,020 lamps; 1885, 520"

plants and 132,875 lamps; 1885, 520 plants and 132,875 lamps; 1886, 702 plants and
181,463 lamps. See also Bulletin of the Edison Eleciric Light Company, New
York: No. 11, June 27, 1882, p. 7; No. 14, Oct. 14, 1882, pp. 19-21; No. 15, Dec. 20,
1882, pp. 30-31; No. 18, May 31, 1883, pp. 30-38; and No. 22, Apr. 9, 1884, pp. 5-8.

% Bergmann, a former Edison employee, had gone into business for himself and
became a most successful manufacturer.
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had been organized in 1878 and had title to the incandescent Iamp
patents of Maxim and Farmer.” It had concentrated its production
on arc lighting until the Safe Depos'i'p Company 1nstaliationn of
1880. Sawyer and Man had also inltiatod.thelr manufaoturing
operations in 1878. They had specialized in incandescent lighting
from the first, but their low-resistance carbon roc_fls were not suc-
cessful. After internal tension had broken up their first compary
and Sawyer had started a new one, thf: old Eiectro—Dynamic
Light Company failed. Following Edison’s success in 1881,
Sawyer’s Eastern Electric Manufacturing Company bought up
the property and patents held by Electro—Dynamlc and expanded
its operations. In 1882 it was reorganized as the‘ Consolidated
Electric Light Company, which adopted the Edison—type fila-
ment and became one of the largest producers of incandescent
lamps (see Table X). .

When the success of Edison and his very able group of as-
sistants became known, several more lighting and electrical—goosls
manufacturers took up this new line.® The Weston Electric
Light Company, an arc-lighting company established in 1877 to
exploit the technical developments of Edward Woston, _eXp.ande‘d
its operations to include both types of eiectric 11ium1nat10n in
1881. Its merger with the United States Eiectric.Lightlng Com-
pany in 1882 brought the patents of Farmer, Maxim, and Weston
together under the control of a single company. In the summer
of 1883 the Brush Electric Company, Which.had succeeded. the
Telegraph Supply Company in 1880, acquired the Amerioan
rights to the Lane-Fox incandescent-lamp patents and adde.d in-
candescent lighting to its dynamo and arc-lighting business.
When the Lane-Fox lamp did not work out well in practice, the
Brush interests shifted to a Swan-type filament with somewhat
greater success. The Swan Lamp Manufacturing Company was
incorporated in 1885, and it manufactured incandescent lamps in
Cleveland under license from the Swan Incandescent Electric

5 Farmer himself later became the president of the Farmer Eiectric Manufac—
turing Company of Portland and had no particuiar' further importance in the
technical and commercial evolution of electric hghtmg. )

6 Figure 19 on page 85 presents a graphic representation of most of the impor-
tant changes in the corporate organization of the electrlc-'hght.mg mdusny_ from
1877 to 1896. Although this chart has been drawn up primarily to assist in the
comprehension of later developments, the reader may find it of aid in fixing
mind the early relationships of the pioneer electric-lamp manufacrurers.
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TaBLE X: PRINCIPAL PIONEER MANUFACTURERS OF CARBON-FILA-
MENT LAMPS IN THE UNITED STATES

1880-1885
Company Began Production
Edison Lamp Company 1880 -
United States Electric Lighting Company 1880
Weston Electric Light Company 1881
Consolidated Electric Light Company 18822
Brush Electric Company 1883
Union Switch & Signal Company 1883
Bernstein Electric Light Manufacturing Company By 1884
American Electric Manufacturing Company By 1884
Thomson-Houston Electric Company 1884
Swan Lamp M anufacturing Company 1885

2 The predecessors of this company had started to make low-resistance incan-
descent lamps in 1878.

Light Company of New York, which had been formed in 1882
to introduce the Swan system into the United States.

Also in 1883, George Westinghouse, who had expanded his
interests from railroad equipment to include electric generators
the year before, began manufacturing incandescent lamps at his
Union Switch & Signal Company. One year later, in 1884, the
Thomson-Houston Electric Company placed its incandescent
lamp on the market. This company had been formed in 1883 to
succeed the American Electric Company, a pioneer in the dynamo
and arc-lighting field, which had been organized in 1880. Both
companies were built upon the work of Elihu Thomson and Ed-
win J. Houston, who had been colleagues at Philadelphia’s Central
High School. The Thomson-Houston company adopted the
“Edisonized” version of the Sawyer-Man lamp, which it produced
under a license from the Consolidated Electric Light Company,
in which Thomson-Houston at that time owned a controlling
block of stock. Two other early producers of incandescent lamps
were the Bernstein Flectric Light Manufacturing Company 7 and
the American Electric Manufacturing Company.

7 The Bernstein company chose two novel illuminant materials. At first it used
a cylindrical carbon of high resistance, made of an infusible and insulating mate-
rial covered with carbon. Within a short time it changed to a hollow carbon

cylinder to obtain a larger illuminating surface with lower resjstance; a narrow
and hollow ribbon of white silk produced lamps of relatively high efficiency.
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CENTRAL-STATION DEVELOPMENT o ‘
The early arc-lighting Companies .had'started t};ellite Sm;;ﬁlitﬁte)ﬁ
activities before the in(:andes(:ent—hghtmgh comp " H,ht d their
e Opemldon W;S ({(tlkllo"ivz(ivflogeileiartlzzeandgwere com-
Most early instal ‘ations ad thet generaton a0 enived om-
pletely self-sufficient. Eor urban areas o ey e
it would be more efficient to generate ¢ crgy centre

istri it to a large number of consumers in the vicinity

?I{l}(}edéizrtlggrtlirgl station %n the United States Wasltn;ttagedslr;tsez?
Francisco in 1879 and employed the.Brush Erc- }llgElé C%]j CyLighé
fewassoon followed by ochers, loiog 26 (T Loy wie
er Company of New YOIk, . '
iclelizcégc arcs inpl 88}6. Each operating company Wals1 {tgf(pﬁilrllg gg;enr}
an exclusive license under the patents of 2 ma(ril B
pany fora particular territory. In return, at pat Oa;n ok o
and a sum in cash to the parent patent—hol 1n§1 cd " pl : 27!] Inadd-
tion, the operating company ftj)ﬁc;p%ht most neede quip

arent company or its athliates. = ]
thiﬁfl)though theP deZelopment.of(arc lighting wazhgeraggiggeiziit
ine in the same direction, within 2 few years the andescert
1argn gave 2 tremendous stimulus t0 eentral—s(t:auonn Pwas o
Ths New York Edison Electric Illunfnprzllttltggucglrgf;al C}afndescent
corporated in 1880 for the purposc 0 ‘ ot
lighrting on a large scale into New York City. '?l;ﬁecpirggit;}% s

ranted an exclusive license under the patents o e Bdison ek
tric Light Company for the New York area mn fie i o
and cash, in accordance with the al‘ready a(llcceprtle1 fap: o orob.
years were required before technical an r(rilahe O P ning
lems were satisfactorily solved, however, ag fi formal opemiie
of the Pearl Street station, the first fu.ll—ﬂe ged ¢ wral stagon 6
che United States for incandescent lighting, 1waz ot e er
September 4, 1882.°5 It serviced a substantla P |
Manhattan and was completely suceessfu . New York company
During the two-year penod while }tlhizd“nevgom ey ompany
‘was being equipped, the parent patent-holding p y o
1S0la
N A;f“éa%e‘éﬁbgﬁ‘é’:?ﬁf;fft?gi e T don e e 881 in Appleton
tion, ha
Wis.
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aged the formation of local Edison companies in other communi-
ties. It desired to wait until the “practicability, economy and
profitableness” of central-station incandescent lighting had been
fully established before initiating active promotion.’ The success
of the New York undertaking led to the formation of a dozen
more local Edison companies by the end of 1883, and within three
more years fifty-eight Edison central stations providing current
for 149,900 incandescent lamps were in operation in this country.
During the years from 1880 to 1886 Edison’s competitors were
similarly expanding their operations in isolated and central-sta-
tion incandescent lighting, and arc lighting was continuing to
grow rapidly. Scores of illuminating companies came into exist-
ence in a short time to take advantage of the attractive opportuni-
ties for profit which confronted them. Nevertheless, according to
the Edison Company, all its competitors combined had placed
only 84,600 incandescent lamps in isolated plants and central sta-
tions by October 1, 1886.1° This was only about one-fourth the
Edison total of over 330,000 lamps installed by the same time.
Arc and incandescent lighting were customarily operated on
different types of circuits and with different voltages. Since trans-
formers for stepping up or stepping down electric potentials had
not yet been satisfactorily developed, the two types of lamps
could not at that time be operated from the same central gener-
ator. At an early date the idea of using storage batteries to com-
promise the difference in voltages between the two types of lamp
occurred to a number of individuals.!* To serve both arc lamps
and mncandescent lamps from the same dynamo, storage batteries
were charged in the daytime and used to power incandescent
lamps at night, while the dynamo supplied high-potential current
directly to the arc lamps at night.

Among the American companies attempting to put this scheme

9 Bulletin of the Edison Electric Light Company (New York), No. 20, Oct.
31, 1883, p. 47.

10 Edison Electric Light Company, The Edison Electric Light: The Legal and
Commercial Starus, New York, 1886, p. 3.

11 The first storage battery made of lead in dilute sulphuric acid had been in-

. vented by Gaston Planté in 1860. The battery was much improved in 1881 by
. Camille Fauré, and a number of other inventors both in Europe and in America

made further advances. It will be recalled that Lane-Fox had used batteries to
. regulate the current flow in his earliest incandescent-lighting system.

i
£
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’ 1 idiar
o commercial use was the Brush Electric Company. igi SUb?e i fo};
company was organized in 1883 to produce storage attre(rlescent
use with Brush dynamos and arc lamps and Swan inca

i version
lamps. Despite vigorous promotion, battery costs and con

. . . - emioved

losses made the scheme unsatisfactory inbprac'gce, an(él1 uiz ers] by)th

’ - ° rO , ‘

Similar attempts by other p , b

only temporary success. ] o PO

i i d, and particularly wit

in this country and abroad, . , the Paute "o
71 i ¢t with only transitory s :
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the present time, but rather to the central-station companies and
directly to the owners of isolated installations. Tt was the obligation
of each illuminating company to supply lamps and other equip-
ment for the use of its customers. This method of selling persisted
for many decades.

The first incandescent—lamp production was conducted largely
by laborious hand operations; there were some two hundred stages
in the manufacture of Edison lamps in 188318 Despite the increas-
ing number of installations, output was small for a few years.
Total sales for the industry were only 70,000 lamps in 1883 and
125,000 lamps in 1884, according to Hammond.* The new Fdi-
son plant at Harrison employed 150 workmen and had a daily
capacity of 1,200 lamps when it was opened in 1882,

International trade in incandescent lamps was negligible during
the early years. The American market was well protected b
tariff rates only slightly lower than those established‘during the
Civil War, and even the most efficient foreign manufacturers were
not able to compete successfully. While lamps were not specifi-
cally mentioned in the tariff laws of the nineteenth century, the
applicable rates under more general classifications were about 30
per cent during the early eighties and went even higher during
the ninedes. In addition, expanding domestic markets in all coun-

tries kept most manufacturers busy at home and reduced the in-
centive to export lamps.

By 1885 all those American manufacturers who could be called
ploneers in the field of incandescent llumination had initiated
their operations. Throughout the remainder of the 1880’ abour
twenty additional concerns began to produce filamentary electric
lamps. Although a few of these later entrants were arc-lighting
or other electrical-goods manufacturers who were interested in
expanding their lines, most of them were small concerns organ-
ized for the primary purpose of making incandescent lamps. They
were the imitator firms which typically spring up when it is pos-
sible to exploit a new discovery Or invention. They did not pro-
duce complete lighting systems, only lamps for use with systems

13 Bulletin of the Edison Electric Li'g/ot Company, No. 16 (Feb, 2, 1883), p- 17
14 John Winthrop Hammond, Men and Volts, Lippincott, Philadelphia, 1941,

p- 92. Copyright, 1941, by General Electric Company.
15 Bulletin of the Edison Electric Light Company, No, 11 (June 27,1882 ,4p. 3,
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own product. Finally, around 1887, the gas industry began to
realize that the progress of electric lighting was inevitable, and
many gas companies added electric lighting and power supply to
their business. The American Electric Manufacturing Company
was the pioneer promoter of the union of gas and electricity, par-
ticularly for outdoor arc lighting. The basic rivalry continued,
nevertheless, and was largely responsible for the substantial im-
provement in gas lighting during the decade of the eighties.

2. Incandescent Lighting and Comsolidations in the American
Electrical-Goods Industry, 1885-1896

Electric illumination, both arc and incandescent, provided a great
stimulus to the expansion of electrical-goods production after
1880, even though the telephone and telegraph had been largely
responsible for the initial growth of the industry. Communica-
tions and lighting soon became just two of many important ap-
plications of electricity, however. The development of electric
motors for street railways, electrified steam railroads, elevators,
factory machinery, and many other uses greatly expanded the
scope of the industry within a few years. When first organized,
each of the manufacturing companies typically specialized in a
single field. Those which entered the field of electric lighting,
particularly incandescent lighting, have already been listed in
some detail. There were as mMany or more concerns in most of the
other branches of the industry.

In all other electrical fields, as well as in lighting, there was
much early confusion over the diversity of systems and their rela-
tive -efficiencies, over the continual changes and improvements
in design, and over the relative strengths of patent rights. Com-
panies grew so rapidly that they had difficulty in financing their
expanded business without constantly bringing in new money,
At the same time, many of the concerns desired to expand into
new lines of production. The pressure of all these factors, par-

ticularly financial needs and patent conflicts, coupled with the
natural competitive urge to expand and the spirit of trustification
then prevalent in American industry, precipitated most of the
~ corporate mergers and reorganizations in the electrical-goods
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The individual Edison factories expanded very rapidly during
the eighties as product lines and output grew to fill the spreading
market. Financial and administrative matters became problems of
great magnitude, with which the technical personnel were en-
tirely unable to cope. Edison himself started in 1884 to withdraw
from active participation in the businesses which bore his name.
Lawyers, financiers, and promoters became the guiding spirits in
the management of the growing companies. The same was true
in competing concerns. By 1886, most of the pioneer companies
m the electrical-goods industry were out of the control of the in.
ventors whose work had made them possible. The original in-
ventors had either withdrawn to investigate new lines or had
continued as salaried employees or consultants who took little
part in actual management,

The final step in the transition of the Fdison companies from
domination by Thomas A. Edison to domination by financiers
took place in 1889 with the merger of all the remaining separate

Edison development and manufacturing companies into the Edi-
son General Electric Company. Besides the Edison Electric Light
Company and the Edison United Manufacturing Company, the
Canadian Edison Manufacturing Company,'® the Sprague Elec-
tric Railway & Motor Company * and Leonard & Izard Com-
pany ** were brought into the consolidation.?* The new company
had a capitalization of $12,000,000, over half of which was con-
trolled by Henry Villard of New York and Werner Siemens of
the German Siemens & Halske Company. Villard, who had or-
dered the first installation of incandescent lighting for his steam-

that in the field of incandescent lighting its patents entitled it to a legal monopoly.

Also, it_ felt that its commercial progress was so much greater than that of its
competitors that it had nothing to gain by consolidation with any of them. See

Bulletin of the Edison Electric Light Company, No. 15 (Dec. 20, 1882), p. 38,
and No. 20 (Oct. 31, 1883), p. 45.

18 The Canadian Edison Manufactarin
duce and sell Edison electric

19 The Sprague Electric R
Frank J. Sprague, a former
tion. Its president was Edw.
Light Company.

20 The partnership of Leonard & Izard was founded early in 1889 by H. Ward
Leonard, who had worked for Edison as an engineer until that time,

21 The Edison Electric Light Company retained its separate corporate identity
for many years after the consolidation.

g Company was organized in 1882 to pro-
al equipment in Canada.

ailway & Motor Company was organized in 1884 by
Edison employee, who was a pioneer in clectric trac-
ard H. Johnson, who also headed the Edison Electric
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ship Columbia, became the president of the new Edison General
Electric Company. Edison and his associates sold their manufac-
turing interests to the financial syndicate headed by these two
men. Even though he remained a director, Edison devoted almost
all his time to new technical interests and ended his personal par-
ticipation in the enormous enterprises which had grown out of
his work in less than ten years.

While the Edison companies were growing and merging, the
Thomson-Houston Electric Company of Lynn, Massachusetts,
was rising in the industry in a quite different manner. It had con-
centrated upon arc-lighting systems at the time of its organization
in 1883, and within eight years it became one of the largest con-
cerns in the electrical-goods industry. Its astute leader, Charles
A. Coffin, a former shoe manufacturer, was a shrewd and ambi-
tious administrator and financier. He was not content to see his
company expand in the electric-lighting business solely by the
gradual accretion of business. In addition to that method, with the
aid of influential Boston bankers, he engineered the purchase of
all the stock or of controlling interests in several competing con-
cerns during the late cighties. The Van Depoele Electric Manu-
facturing Company was an early promoter of arc lighting and
electric traction. It had been established in 1880 and reorganized
in 1882 to produce electrical equipment invented by Charles J.
Van Depoele, a Belgian who had come to America at an early age
and developed an interest in electricity while working as a farni-
ture maker. In 1888 the Thomson-Houston company bought the
business and patents of the Van Depoele company when the latter
was in a straitened financial condition. Similarly, financial diffi-
culties made the owners of two other arc-lighting companies, the
Fort Wayne Electric Light Company and the Schuyler Electric
Company, willing to sell controlling interests to the Thomson-
Houston company in 1888 and 1889.22 None of these arc-lighting
concerns was at the time of purchase a producer of incandescent
lamps.

From 1884 to about 1888 Thomson-Houston also controlled

22 The Fort Wayne company had been formed in 1881 around the arc-lighting

inventions of James and Charles Jenney. The Schuyler company also dated from
1881 and was founded on the arc-lighting inventions of D. A. Schuyler and A. G.

Waterhouse.
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the Consolidated Electric Light Company. In 1886 the two com-
panies formed the Sawyer-Man Electric Company in which
Thomson-Houston retained a 90 per cent stock interest. A license
was then granted to Thomson-Houston to make incandescent
lamps under the Sawyer-Man patents. In 1887, however, Thom-
son-Houston sold all its stock in the Sawyer-Man Electric
Company to Consolidated, and in December, 1888, it sold its con-
trolhng stock mterest in Consolidated to Woestinghouse. At the
same time 1 homson-Houston executed a mutual patent-licensing
agreement with Westinghouse and Consolidated whereby it could
continue after the stock sale to produce and sell the Sawyer-Man
lamp in certain areas.

Besides the companies mentioned above, Thomson-Houston
bought out the Bentley-Knight Electric Railway Company and
the Brush Electric Company in 1889. The Bentley-Knight com-
pany had been one of the first in the field of electric traction when
it was organized in 1884. Ownership of both the Bentley-Knight
and the Van Depoele companies gave Thomson-Houston great
strength in electric traction, even though it had made few im-
portant original contributions to the field itself. The Brush Flec-
tric Company, one of the oldest promoters of electric lighting,
was purchased by Thomson-Houston for about $3,000,000 when
a prolonged struggle over arc-lighting patents loomed dangerously
ahead. Finally, in 1890, another smaller arc-lighting competitor,
th.e Excelsior Electric Company, was acquired. With the acqui-
sition of pontrol over all these concerns, Thomson-Houston enor-
mously increased its size and strength in the electrical-goods

~1ndustry,_particularly in arc lighting and electric traction. To

carry on its ambitious plan of expansion, Thomson-Houston had
increased its capitalization to over $10,000,000 by 1891, rivaling
that_ of the Edison General Electric Company.

Flgl}re 19 sketches the corporate development of the General
Electric and Westinghouse Electric companies to the year 1896
andg shows the most important consolidations which took place
during the early years, including all those mentioned above. There
were, of course, many other small firms in all branches of the elec-
trical-goods industry at that time which are not represented on
t_he chart. Their role in the development of electric lighting—par-
ticularly incandescent electric lighting—will be discussed shortly.
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The problem of conflicting patent rights in the electrical-goods gé Z: éo
industry became acute around the middle of the eighties. Each K Sg 32“ 7
inventor had patented his own developments but usually found Ba \I\ Z ¥ L &8
that the patents conflicted with those of someone else or covered 4 G : PR ek
only a few aspects of a large system, thereby making it difficult o & £ % 5HEE
to construct the most efficient apparatus. Patent litigation inevi- ° 5 L& A G EE
tably arose as the legal rights of some companies were intentionally g8 ; I Y
al or unconsciously infringed by others. EH 8, l ! £ 87
Up to 1885, most inventors and companies seem to have been ¢ i 5 l ! Sk
so busy taking out new patents and getting into production that : 55\36 ] § S
they had neither the opportunity nor the inclination to defend T O . S — 4 ks
their rights vigorously under the patents which they had already | E 5 o %" 2l
obtained. Although some patent litigation went on during those L E o8 £5 2552 P & _N\3 3 mul
years, in general a live and let-live policy was practiced. Only the 25 " gg% 8 - T = gi
most flagrant infringements which threatened established com- f; 55" g%g:\“d / g i E =3
mercial positions were taken to court.?® About that time, however, ::f & N\ ° ! g2
the electrical-goods industry as a whole and the incandescent- g | a—— N g § |
lamp industry in particular became moderately well established, §§i§s-j—/—‘”‘“—’¢ e @ ;; . é
and the situation could be considered more broadly. B ogyis jf f 53 5s
There were in 1885 approximately a dozen manufacturers of 8| 71k 2 -~ B &
filament lamps in the United States. Most of them owned or had 2 Z; 8 &Y /| ! %7 >3 ;
; rights under patents which purportedly covered their products. dg 9 /ﬁj% 2y | E §e8
Despite the entry of new producers and the growth of old com- BT [l Poe 1= ° 5388
petitors, the Edison Electric Light Company was still supplying : 5.8 i - I g =&E ,
around three-fourths of all filament lamps produced in this coun- T & A I:" &F $
try. Total production at that time was at the rate of about 300,000 E i & z ! T ETS
lamps a year. As the pioneer, the Edison company also had the i ¢ 3g————n = ¥ A §§ g
strongest patent position. At the end of 1883 it had title to 215 5| i > 8 e §§
patents on various features of the lighting system and 307 addi- - # 53-/\5‘”: E R I: B
T So i w a R = S oy
23 Among the few important patent trials of the early eighties was the suit of ; EE = 3 . §g g @ §~ R
the Brush Electric Company against the United States Electric Lighting Com- x = R N AR
pany for alleged infringement of two of its arc-lighting patents. The suit was e A R -
nstituted in 1880 and ended in 1884 in a complete triumph for the United Srates 8 e ge
company. One of the patents under suit was withdrawn by the plaintiff during Etﬁ e ‘ m' . ; @
the trial, and the other patent was declared invalid and void. Ble|s| 55|68 ’ g, SI s gl s j RIEIR J

Because of its age and state of development, arc lighting was not as subject to
basic patent control as incandescent lighting. Although alternative techniques
and apparatus were patentable, the industry was fairly open.
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tional applications were pending.** The numbgr of patents under
Edison control had increased to 345 by the middle qf '1887, and
numerous others were subsequently issued. The validity of the
patents granted in 1880 had not yet beep tested, however,'and
many of the lamps produced by competitors were sul?stantlally
like those patented and produced by the Edlson companies. Mo're—
over, the number of competitors and their total output were in-
creasing. The Edison Electric Light Company felt that the time
had come to clarify the situation.*® _

Once the patent struggle was taken up, it proved to be logg
and costly. Between 1885 and 1901 the Edison company and its
successors spent about $2,000,000 on'wel‘l over two hundred in-
fringement suits under its lamp and lighting patents. Defendants
of the suits probably had to spend nearly th.e same amount. These
prosecutions resulted in a striking legal victory for the Edison
interests.

Besides the fundamental incandescent-lamp patent, many cher
electrical patents were involved in lit.igaticzn dupng'the late eight-
ies and early nineties. In 1887 the Edison Flectric Light Compgny
sued Westinghouse, Church, Kerr & Company, a construction
firm which installed equipment made by the Westlnghf)use Elec-
tric Company, for alleged infringement of ele:ven of its patents
on the distribution of electric energy. After six years,.the New
Jersey Circuit Court upheld the Edison feeder—and—mmp patent,
which was one of the eleven patents mn suit, and decided thgt
Westinghouse was infringing it. The decisign was rer:rsed in
1894 upon appeal by Westinghouse, effectively opening that
method of energy distribution to all users. o

In 1888 the Thomson-Houston company was successful in its
suits against the Citizens Electric Light Compapy et al., over the
alleged infringement of an 1881 patent covering improvements
in current regulation for dynamos. Later, in 1895, the courts

24 Byiletin of the Edison Electric Light Company, No. 20 (Oct. 31, 1883), p. 49..

25 In their annual report dated Oct. 23, 1883, the director_s of ghe.Edlson FElec-
tric Light Company stated that the company’s few competitors in 1ncandes:1:ent_;
lamp production had so far failed to rn.ake .themselves s_ufﬁ(:lently felt to re}? er }11
worth while to go to the expense of infringement suits. The company t ought
that it could maintain its position and practlcal_ business rponopoly w1thout1t e
expense of litigation, while keeping its patents in reserve in the event that their
protection might be needed. See Bulletin of the Edison Electric Light Company,
No. 20 (Oct. 31, 1883), pp. 45-46.
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found the Thomson-Houston arc-regulator patent invalid, after
Thomson-Houston had instituted an infringement suit against the
Western Electric Company, the manufacturing subsidiary of the
Bell telephone interests. There were other cases relating to arc
lighting, such as the unsuccessful attempt of the Brush Electric
Company to prove infringement by the Western Electric Com-
pany of a Brush patent covering a device for throwing into action
a new set of electrodes when the first ones had been consumed.
Extensive litigation was also carried on over patents covering
various phases of electric traction.

Even though several patents for which broad claims were made
were invalidated or limited in their coverage, others were upheld
or clarified and gave greater strength to the largest firms in the
industry—the Edison and Thomson-Houston companies and their
successor, the General Flectric Company, and Westinghouse.
The costs of litigation sapped the strength of the smaller com-
panies, even where they were successful in defending themselves.
Many small independents were forced to liquidate or sell out.

SUIT OVER BASIC EDISON FILAMENT PATENT

The key to Edison’s legal victory was the suit against the United
States Electric Lighting Company, which started in 1885 for al-
leged infringement of the basic carbon-filament patent No.
223,898 of January 27, 1880.% The United States Electric Light-
ing Company, at that time Edison’s largest competitor in incan-
descent lighting, had title to the patents of Maxim, Farmer, and
Weston, yet it was producing incandescent lamps substantially
like those made by Edison. Although other patents could have
been brought into the case, the Edison company desired to make
this a test case of the validity of the basic patent, and the legal
issue was narrowed to whether the slender high-resistance carbon-
ized filament, in combination with an exhausted and sealed glass
bulb with platinum lead-in wires, was or was not a patentable
innovation, and whether the United States Electric Lighting Com-
pany was infringing its claims.

28 At the same time the Edison company brought infringement suits against
Consolidated, the Swan Incandescent Electric Light Company, and a number of

other lamp producers, as well as against some users of competing products. The

suit against the United States company was the one pushed to a conclusion as a
test case.
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Ar first the Edison interests declared that they did not intend to
raise lamp prices, and it was expected that competitors would be
licensed to make lamps under the Edison patent in return for roy-
alty payments. This attitude did not prevail for long; the General
Electric officials soon decided that they could greatly increase
their share of domestic lamp production, which by that time was
down to 40 per cent, by taking full advantage of their patent vic-
tory. The Edison interests expected to have about four years to
consolidate their position and to regain their commercial monop-
oly. They immediately set about obtaining injunctions against
the producers and users of competing and infringing lamps, the
number of which had increased rapidly during the preceding five
years. They did not wish to allow competitors to continue in
business even as licensees. Within a short time njunctions had
closed the lamp plants of the Sawyer-Man Electric Company, the

Perkins Electric Lamp Company, the Mather Flectric Company,
and the Sunbeam FElectric Lamp Company.

The infringing producers of incandescent lamps were much
angered by the tardiness of the Edison company in bringing this
legal action and by the vigor with which its successor, the General
Electric Company, was attempting to put all competitors out of
the lamp business and secure a complete monopoly. For twelve
years competition had been possible; it suddenly became Impos-
sible. The Beacon Vacuum Pump & Electrical Company of Boston
attempted to avoid an Injunction early in 1893 by claiming pri-
ority of invention for Heinrich Gobel, a German-American
watchmaker from New York, who was said to have built several
carbon-filament lamps from 1854 to 1872 which anticipated Fdi-
son’s later developments. Gobel had taken our no patents on his
developments, however, and the evidence to prove his priority
of invention was questionable.”” Judge Colt of the United States

Circuit Court at Boston ruled that the evidence presented was

27 Gébel had tried unsuccessfully to sell his inventions to the Edison Flectric
r companies had considered but had not used
His work is not mentioned in the histories of
ore 1885. Although some German writers have
or the title of inventor of the incandescent lamp,
no commercial significance and did not even enter
dge on the subject for the benefit of future ex-

his claims in previous litigation.
electric illumination written bef.
referred to him as a contender f
it seems clear that his work had
the body of scientific knowle
perimenters.
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not sufficient to invalidate Fdison’s patent, and he granted the in-

junction against the Beacon company ot February 18, 1893.
Injunctions were shortly granted against several additional pro-

ducers of incandescent lamps; and others closed down their plants
without waiting for legal action against them. Some of the inde-
pendent manufacturers put up a vigorous defense to the attempts
by the F dison interests to close them down, however. Even after
the first use of the Gobel defense had failed, it was used in other
cases. In the United States Circuit Court at St. Louis, Judge Hal-
lett ruled that the probabﬂity of anticipation by Gobel was suffi-

ciently great for him to refuse to grant an injunction requested

by the Edison interests against the Columbia Incandescent Lamp
Company. Although that decision was later reversed on appeal, it
kept Columbia 1n production while the life of the patent was slip-
ping away-

A few other companies remamed in pr
their plants by redesigning their lamps andc

pes did not infringe the Edison patent. Although the courts
issued new in]unctions against some of the redesigned lamps, a

few were sufficiently different to be able to remain on the market.

In addition, many new companies Were formed after 1892 to

roduce “pon-infringing” lamps. From 1892 dll the expiration
of the patent, there were probably ten Or MOre competing pro-
ducers making l=mps at 41l times, despite the vigorous efforts of
the General Flectric Company to close them down.

By far the most important of the non-infringers was the West-
inghouse Electric & Manufacturing Company. It had been given
the contract for lighting the Chicago World’s Fair of 1893, and
its ability to supply enough lamps to satisfy its contract was seri-

hreatened by the Edison lamp-patent victory of 1892.

ously ¢
Upon the defeat of its subsidiary, the United States Flectric

Lighting Company, Westinghouse had shifted all its 1amp—making
activities to the Sawyer-Man companys; but the latter was also
closed down promptly by a court injunction requested by Gen-
eral Electric. Westinghouse then speeded its efforts to develop
and manufecture a non-infringing lamp, and it was able to resume
production Vvery shortly after the initial injunction against 1t ha

been granted, The new lamp employed the old stoppered base
f 2 hermetically sealed glass globe and used a type of fila-

oduction or reopened
laiming that the newer

instead o
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Sawyer and Man in 1885, Consolidated _immedia_tely undertpok
to assert its rights. It instituted proceedings against the Edison
company and other alleged infring?rs. The test case on the Sawyer
and Man patent was the prosecution of 'Consol'ldated agalnst.the
McKeesport Light Company, an operating affiliate of the Echson
company. The circuit court held in 1889 that the broad claims of
the Sawyer and Man patent were invalid because of lack of re-
duction to practice. Their low-resistance 1l-lum1nants were basefi
upon the wrong principle for success. Westinghouse and Consoli-
dated appealed the case to the United States Supreme Court, where
on November 11, 1895, the decision of the lower' court was up-
held and the Sawyer and Man patent was finally 1pva11dated. By
that time the fundamental Edison patent had' expired, z.md con-
trol over the paper filament would not have given Westinghouse
any important commercial ac'lvar}tag‘e.

The introduction of non-infringing lamps before the end of
1894, plus the resumption of produqiop by old firms :and»the entry
of a few new producers after expiration of th'e basic patent, re-
sulted in 2 new increase in the proportion of m'candescent-lamp
business conducted by the competitors of the Ed}SOﬂ Jamp. Table
X1 shows the entries into the American lamp industry and the

Tasre XI: ENTRIES AND DEPARTURES FROM THE AMERICAN IN-
CANDESCENT-LAMP INDUSTRY

1889-1896

1&?5\7890\ 1891 | 1892 | 1893 | 1894 1895 | 1896

Number of companies l
at beginning of yeard| 26 35 32 34 57 58 44 35

New entries during

year 12 S 10 26 15 8 2 6
Withdrawals or merg- o

ers during year 3 8 8 3 i4 22 11
Number of companies

at end of year aP 35 32 34 57 58 44 35 33

ily closed
a From 1892 to 1894 a great many lamp manufacturers were temporariy
down as a result of injunction proceedings brought by the Edison mterestsv \
Source: The Electrician, Electrical Trades’ Directory and Handbook, Vols
VII-X VI, London, 1889-1897.
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withdrawals from it for the period 1889 to 1896. Although some
of the independents had been seriously weakened, competition
became very keen and prices were forced down to levels far below
previous figures. The following figures show the approximate
course of list prices per lamp for standard 16-candlepower lamps
from 1880 to 1896:% 1880-1886, $1.00; 1888, 80 cents; 1891, 50
cents; 1892, 44 cents; 1893, 50 cents; 1894, 25 cents; 1895, 18 to
25 cents; 1896, 12 to 18 cents. The prices follow closely what one
would expect, based on the number of lamp producers, the vigor
of competition, the legal situation and the mmpact of the panic of
1893. There was some dispersion about these averages, however;
for example, the Westinghouse stopper lamp in 1893 had a list
price of only thirty cents in the 16-candlepower size.

It should be remembered that lamp prices represent only a very
small proportion of the total cost of electric lighting. Because
lamp manufacturers at that time sold most of their output to cen-
tral stations, which supplied them to their customers, there was at
first relatively lictle downward pressure on prices from lamp users.
The downward trend which started after 1888 resulted almost en-
drely from the situation among lamp suppliers. It was retarded
by the upholding of the Edison patent in 1891 and was renewed
after the panic of 1893 and the expiration of the basic patent.

FORMATION OF GENERAL ELECTRIC

Even as the courts were passing on the Edison lamp patent in
1891, the Edison General Electric Company foresaw the proba-
bility of difficult years ahead. It had been gradually slipping back-
ward in its commercial position, particularly since 1886, even in
the incandescent-lamp business. The Thomson-Houston Electric
Company and the Westinghouse Electric & Manufacturing Com-
pany, especially, were rising rapidly. Although the Edison com-
pany was still the largest electrical-goods producer in the country,
it needed new life, leadership, and capital. Its technological con-
tributions were becoming relatively smaller than they had been
during the early eighties. With the withdrawal of Thomas Edison
from active participation in the technical and commercial affairs
of the company, especially after control had passed to a financial

30 These prices are based largely on advertisements and articles in various elec-
trical journals during the period.
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syndicate in 1889, the relative decline was hastened. Morever,
continued patent conflicts were in prospect as long as the largest
firms in the industry battled together.

Early in 1891 the Edison company proposed consolidation with
its chief rival, the Thomson-Houston Electric Company. There
were several advantages to Thomson-Houston in such a consoli-
dation, for it was faced by somewhat the same problems as the
Edison company. Patent conflicts were a great problem to all
companies. By bringing together the patents of the Edison com-
pany and those amassed by Thomson-Houston, it appeared that
a tremendously powerful patent position could be established.
Moreover, Charles A. Coffin, who headed Thomson-Houston,
had expansionary ambitions and was receptive to the idea of in-
creasing his company’s control over the industry. The trust move-
ment was at that time current in many American industries, and
conditions in the electrical-goods industry were favorable to
“trustification.”

There were also financial advantages in the consolidation for
Thomson-Houston. It had promoted the sale of its goods widely
by accepting large blocks of stocks and bonds in local electric
operating companies in lieu of cash.® Although the Edison com-
pany and other producers had used the same technique to some
extent, none of the others had relied upon it so heavily. As a
result, Thomson-Houston had a great deal of its assets tied up in
securities and did not have a strong working capital position, par-
ticularly after acquiring so many of its competitors prior to 1890.
After a year of negotiations, the General Electric Company was
formed on April 15, 1892, bringing together the two largest elec-
trical-goods manufacturers in America.

The two companies may be statistically compared for the year
189182 :

Edison
Gen’l Electric  Thomson-Houston Total
Capitalization $15,000,000 $10,400,000 $25,400,000
(Gross business 10,940,000 10,304,500 21,244,500
Profits 2,098,000 2,700,000 4,798,000
Number of employees 6,000 4,000 10,000

31 The United Flectrical Securities Company had been organized as a Thom-
son-Houston subsidiary in 1890 to deal in the securities of operating companies.
32 Hammond, op cit., p. 404.
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Edison

) Gen’l Electric Thomson-Houston Total

Factory space (sq. ft.). 400,000 340,000 740,000
Customers 3-4,000 3-4,000 6,000
Central stations 375 870 1’245
Isolated installations 2,300 very few over 27300
Street railways equipped 180 204 ’384
Street railway cars 2,230 - 2,760 4,990

The new General Electric Company had a capital stock of
$35.,OO0,000, which was distributed to the shareholders of the
Edlson General Electric Company, the Thomson-Houston Elec-
tric Company, and the Thomson-Houston International Electric
Company 33_1n exchange for their holdings.®* The three underly-
ing companies and many of their twenty-one subsidiaries * re-
tained their corporate identities for several years before complete
tran'sfers of assets, activities, and accounts could be effected.®® In
addition to its capital stock, the General Electric Company sold
for cash $10,000,000 in debentures. During its first eight months,
the company maintained sales at about the 1891 level indicated
abov? for the two major predecessor companies. Similarly, profits
remained close to their former level.

The Thomson-Houston influence in the General Electric Com-
pany was considerably greater than that of the Edison interests.
The two organizations were consolidated, but the principal exec-
utives and methods employed in the new company came from
Thomsor_l—Houston. Charles A. Coffin became the first president
and provided much of the leadership which brought General Elec-

) 33 The Thomson-Houston International Electric Company had been organ-
ized in 1884 to handle the foreign business of the parent Thomson-Houston
company.

34 ;

Jom. ;Sle,ells:;?t Annual Report of the General Electric Company, Schenectady,
. 35 Among the subsidiaries taken over from Thomson-Houston was the Swan
dz\.rnp Manufactupng Company, which continued the manufacture of incan-

escent lamps until 1895 under license from the Swan Incandescent Electric Light
Cgl;‘lpany. The latter concern also went out of business in 1897.
 36'The use 'of the holding-company device in industrial combination, includ-
ing the electrical-goods industry, was greatly stimulated in 1888, when the state
of New Jersey amepded its general corporation laws to permit co’rporate charters
to contain the spegﬁc power of holding stock in other companies. Other states
soon modified their laws correspondingly. Before that time, the corporate right to
hold stock had been granted only by special legislative act.
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declared assets of the new company included patents valued at
$8,000,000 as well as large quantities of stocks and bonds re-
ceived initially in partial payment for patent licenses and equip-
ment. The value of those securities fell precipitously during 1893
and 1894, and reduced the credit balance of $1,025 ,000 1n General
Electric’s surplus account as of January 31, 1893, to a debit bal-
ance of $14,800,000 by the beginning of 1895. Large blocks of
securities had to be liquidated at substantial losses to provide
- working capital during those years. The financial support of
Drexel, Morgan, and other New York and Boston bankers was
necessary to sustain the big company, the common stock of which
fell from 115 in 1892 to below 30 by early 1895. General Elec-
tric tottered perilously close to receivership for a time. The finan-
cial difficulties of its early life were not resolved until 1898, when
its capital stock was reduced to $20,827,200 and a small credit
surplus was restored.??

The panic of 1893 brought about a major readjustment in all
the electrical industries. Many central-station companies and
street railways, as well as manufacturers of electrical equipment,
passed through receivership or were liquidated. The leading pro-
ducers found that they could no longer afford to accept securities
of only speculative value as payment for their equipment. Prices
for all types of equipment fell to one-third or one-half of what
they had been before. Activity remained depressed until about
1898, when sales began to increase. Within a short time all the
electrical industries were booming again.

It was during the years of greatest financial stress, from 1893
to 1896, that the struggle for commercial superiority in the in-
candescent-lamp business was going on. Similar struggles were

_ taking place in the fields of electric traction, alternating-current
- generation and distribution, and arc lichting. In all fields General

Flectric adopted an aggressive patent policy. It wanted to control

_ as large a portion of the American electrical-goods business as

possible. While many Competing companies put up a vigorous

_ defense, General Electric was able to establish itself firmly as the
" dominant firm in the industry, supplying more than half the

37 See Annual Report of the General Electric Company, Schenectady, Nos.

- 27, Jan. 31, 1894, to Jan. 31, 1899,
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domestic market for almost all non—communications electﬂncal
items. Even though a number of individual companies snrvnlfle(‘i,
they found it extremely difficult to do more than maintain their
positions with respect to the leafier. Theoagg'resswe p011c1es em-
ployed by General Electric dnrlng the nineties resulFPedbin some
popular reaction against the blg company, however. bu hc anti-
trust agitation was directed against it as early as 1893, based upon
its attempts to use the Edison patent to regamn absclute contrf)l
of the incandescent-lamp market and to broaden its control in
other branches of the industry. Similar attack_s were made later,
and around 1910 they resulted in a prosecution by the federal
government under the Sherman Anti-Trust Act of 1890.

EXPANSION OF WESTINGHOUSE .
The importance of George Westinghonse in the e'lectrlcal—.goo.ds
industry had also been growing at a rapld. rate durlng the Clght.fICS
and early nineties, primarily because of I}ls pioneering promotion
of alternating current. Westinghouse hl.rnself was 2 .prohf.icl.}n-
ventor, rivaling Edison in his breadth of interests. During his life-
time he took out more than four hundred patents. ‘While he
attended college for only three rnonths,.he acquned a wealth of
practical experience in his fathe_r’s machine shop.ln Scnenectad_y.
At the age of twenty-two he invented a pr.actlcal rallr.oad 21111‘-
brake; and a year later, in 1.869., the Westlnghouse A.lr Brake
Company began manufacturing the new deV1ce. Wes.tlngh(.)use
then turned to electric signaling and cornblned h.15 own 1.nvent10r£
with purchased patents in the Union Switch & Signal Comparlly.

From signaling, Woestinghouse eXpanded to other electrica ap-

aratus. He began to marrafacture <.11rec.t—current generators in
1882; and in 1883 he started producing 1nc3ndesccnt ]arnps. :1na<ui1
alternating-current generators at the Unlon Switch & Ségn
Company. In the former year the French inventor, LLlClenC_b:El-
lard, and his English backer and co-worker, John D. 1 hs,
brought out and patented in Europc a transformer whereby tlg
high-voltage current of an alternating-current generator cou

. . -

38 The other interests of Westinghouse included the use of natural gast,) nlsnm
factured gas, electric traction, stcam and gas engines, and the steam turbine,
each of which he made important contributions.
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be delivered at any desired lower voltage to local circuits.?® This
system was designed to provide the economies of high-voltage
transmission of energy and also make possible the supplying of
current for arc and incandescent lighting from the same machine.
George Westinghouse acquired the American patent rights on the
Gaulard-Gibbs system for $50,000. Although some experimental
installations were made with the system in 1883 in Europe, it was
not ready for universal commercial application.

The Hungarians Charles Zipernowsky, Max Déri, and Otto T.
Blathy, engineers of Messrs. Ganz & Company in Budapest, rec-
ognized the weakness of the series wiring employed in the Gau-
lard-Gibbs system, for such a scheme made it difficult to maintain
a constant voltage. By August of 1884 they had developed a com-
mercially practicable transformer system in multiple which per-
mitted the extensive application of alternating current. Word of
this discovery traveled to the Edison Electric Light Company
through its widespread system of agents. The Edison company
concluded an arrangement in 1887 with Ganz & Company to give
the Edison organization exclusive rights in North America to use
all Zipernowsky patents relating to the distribution of electricity
by alternating currents of high tension with transformers.®® Tn
addition, the Edison company reserved an option to purchase the
patents and their improvements for $20,000, as soon as a broad
controlling United States patent should be granted. The Edison
company did not comprehend the technical and commercial im-
portance of the innovation, however. Edison himself opposed the
use of alternating current, and the Edison company never took
up its $20,000 option. With this decision, the Edison company
lost an excellent opportunity to gain a powerful position in what

38 The transformer was based on the principle of electromagnetic induction,
discovered by Faraday and Henry in 1831. It was found that, when a current in
a primary circuit was started or stopped, a secondary circuit showed a momen-
tary current flow. Since the secondary circuit is induced only when the voltage
is changing, induction is possible only with alternating current or flactuating
direct current. While the idea of an induction transformer was not new, no
feasible system had been developed before the work of Gaulard and Gibbs. The
first suggestion had appeared in C. W. Harrison’s English patent No. 588 of
1857. The next mention did not appear until 1877, when Paul Jablochkoff made
experiments in this connection. Other investigators before 1882 were C. T Brighe,
Fuller, Varley, and Enuma. See article by Charles Zipernowsky in Modern Light
and Hear, Vol. 1I, p- 140c (June, 1887).

40 7bid., Vol. 11, p. 84 (Apr., 1887).
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was to become a tremendously important aspect of _electlrrc ugrh-
zation, for the transformer was thc key to econcmrcal cni%;l 1:(;
tance power (ransmission. _The' Edison company’s oppofsrsuch °
alternating current made it blind to the advantages o
m. .
SYS”Iche same mistake was not made by George V“ersnnghor(llae,
who became the principal sponsor of this m.ethod 0 ch?; Wrs-
¢ribution in the United States. The Hungarian systemllt}fe ha_g
not introduced into this country on any great scale, althoug urt
found extensive use in Europe. Woestinghouse relied prl(rllcg)% by
upon the American transformer patents of Gaular_d and Gi }sl
and of William Stanley. Stanley had started V_Vorkmg1 on mufc
the same problem in 1883, and he succeeded dm devde (i‘}:;ngan(i
Westinghouse a practical scheme of step-up an stcp— 0 Vo trans-
formers in parallel. The system was first placc 11n opeac on 1t
Great Barrington, Massachusetts, in 1886. Westing 10fusle er ‘(,lice d
the patents on it and immediately put it into successful st < in
Buffalo. Within three years, 150 al_ternanng—curren\t}&tatronshoup
plying 300,000 lamps had been 1ns,talled under \ esﬁlngs " e::
auspices. Besides sponsoring Stanley’s 'work, V%/estkrlng iguentors
couraged the alternating-current experiments ol 05 Ser Inventors
and carried the new system to success in the Unrte1 t}a es. | 1he
work of European—born Nrk.ola Tesla on the p(f) }ip aszf notor
was of particular importance in increasing the usefulness of alter
nating current. Tesla’s alternating-current paltcntsfwﬁire a (}11 uired
by Westinghouse for $1,000,000 plus a rol})ra %o 7 Eouse e
power, and Teslaf himself w?s emg)i()}tfelds : gr esting
a few vears after abou ) '
Cogflllﬂtvj(r)lrtkfionr this cou}ntry in connection with alternat;ng curr:;let:
was not sponsored by Westinghouse, nevertheless. m}gngston
experimenters was Flihu Thomson of the Thomslon— Omved
Electric Company. His progress on transformers later p
to be of value to the General Electric Company. Sl
" The electrical business conducted by the Union Sw1t8c & 61gthe
Company grew so rapidly after 1882 that on ]anuarlyto,mke 2)Ver
Westinghouse Electric Company was incorporate
1 former systems ended most serious at-
te:r:p'g,hfo (Li‘geiggrn;;: tbgit;}i'zs t'tlgaretcrggzile the letage differential betrween arc
lighting and incandescent lighting.
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that activity. George Westinghouse retained a majority of the
stock of the new company. Besides its own normal growth, the
company adopted the Thomson-Houston technique of acquiring
competing companies. Within a few years it had purchased con-
trolling interests in the United States Flectric Lighting Company
and the Consolidated Electric Light Company, as well as the Wa-
terhouse Electric & Manufacturing Company, an arc-lighting
concern. Consolidated had acquired the old Electro-Dynamic
Light Company and the Sawyer-Man Electric Company just
prior to its own acquisition by Westinghouse. In addition, a cross-
licensing agreement was negotiated with the Thomson-Houston
company, and other companies were acquired later.

By 1890 the Westinghouse Flectric & Manufacturing Com-
pany *? had total declared assets of about $12,000,000, although
book values were somewhat inflated. Its billed sales were around
$5,000,000, and irs issued capital stock was approximately
$6,000,000. Sales had increased somewhat by 1892, but after the
panic of 1893 they fell again to $5,000,000 and remained near that
level for a number of years. The company narrowly escaped re-
ceivership during the depression. Because of the company’s rapid
physical growth and the drain of costly patent litigation, fran-
chises, and patent rights, it was necessary to bring in new money
to maintain working capital. Capital stock issued was increased to
$12,000,000 by 1896. Net profits were small during almost all the
nineties, averaging about $200,000 a year.

AGREEMENT BETWEEN GENERAL ELECTRIC AND WESTINGHOUSE

The net result of all the corporate purchases, consolidations,
mergers, and reorganizations discussed above was the concentra-
tion of most of the non-communication electrical-goods produc-
tion of the United States into the hands of two large rival
organizations by 1896. The General Flectric Company and the
Westinghouse Electric & Manufacturing Company handled be-
tween them more than 75 per cent of the total business. Althouch
there were a few other “full-line” producers, such as the Siemens

42 A financial reorganization in 1889 resulted in the adoption of the expanded

name. The Chartiers Improvement Company, an early pioneer in the production

of electrical machinery and appliances dating from 1872, was acquired in that
year and used as the vehicle of the reorganization.
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& Halske Company of America *® and the Stanley Elec'qric Manu-
facturing Company,** and a great number of small specialty com-
panies producing incandescent lamps, arc lamps, dynamos, or
other single products, they were corppletely ov_ershz'xdowed by
the two leaders. Perhaps the outstanding competitor in the pro-
duction of arc lamps, dynamos, and other heavy electrical equip-
ment was the Western Electric Company. '

Even though control over the electms:al—goods industry had
been concentrated largely in two companies, the problem of con-
flicting patents still existed in 1896. Westinghouse had title to the
patents of Maxim, Sawyer and Man, Farmer., Weston, .Tesla,
Stanley, and others, as well as those of Westlnghouse himself,
General Electric had title to the patents of Edison, Thomsqn,
Brush, Sprague, Van Depocele, Bradley, and otl}ers. It sqemed in-
evitable that new patent struggles would occur 1f something were
not done to avoid them. The conflict was parncula.rly acute in
connection with alternating current and electric lighting, for they
belonged together. Alternating current simplified and unified elec-
tric illumination, power transmissmp,’ and other aspects of the use
of electric energy, and by that time its advantages were universally
recognized. Its reconciliation of the dlff.erepces between th'e cir-
cuit voltages of arc and incandescent lighting was of particular
importance. Despite the expiration on November 17, 1_894-, of the
basic Edison lamp patent No. 223,898, the a'ccumulat'lon of hun-
dreds of minor patents on the lamp and associated equipment gave
General Electric continued domestic patent leadership 1n this field.
General Electric also controlled many important patents on elec-
tric traction, including the Van Depoele trolley patent, which bad
recently been sustained in the lower courts.*® Westinghouse sim-
ilarly led in the alternating-current field, although General Elec-

tric owned the Thomson alternating-current patents.

43 The Siemens & Halske Company of America was organized in 1892. At first

it appears to have operated primarily as selling agent for the German Siemens &

Halske Company. In 1895 its capital was increased to $2,000,000, and its plant was

considerably expanded so that it could supply all types of elef:trlcz-ll equipment.

44 The Stanley Electric Manufacturing Company was organlze.:d in 1891.

45 The 1895 upholding of the Van Depoele trolley patent, which was a‘factor
leading to the 1896 patent-licensing agreement betwee_:n General Electric and
Westinghouse, was later reversed in large part by the h1gl1er courts. Most of the
claims of the patent eventually either were held to be invalid or were so nar-

rowed as to offer little protection.
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This time the impasse was not solved by consolidation but by
the interchange of patent rights. An agreement was evolved
whereby each company recognized the patents of the other “and
the rig}}t, subject to certain exclusions, to a joint use thereof.” *8
Royalties were to be paid on the basis of use of the patents by the
other company. It was agreed that General Electric had con-
tributed 62 per cent and Westinghouse 37 per cent of the
value of the .corr.lbined patents; and the business handled by the
two companies in the covered fields was to be divided in that
proportion without royalty payments. If either company ex-
ceeded its share, royalties were required. This significant agree-
ment became effective March 31, 1896, and was to continue for
a period of fifteen years. The companies felt that the arrangement
had “mapy advantages, particularly in eliminating much costly
patent litigation.” *" The patent—licensing agreement between
General Flectric and Westinghouse specifically excluded lamp
patents. Nevertheless, the two companies suspended a large num-
ber of patent infringement suits against each other, including
some over the incandescent lamp.

Competition in the incandescent—lamp industry was keen for
a time following the expiration of the Edison patent. Lamp prices
were forced down to a point where profits were small or non-
existent for many companies, and some companies even found
then_iselves selling below cost. With their greater resources and
staying power, General Electric and Westinghouse were able to
meet the cutthroat pricing more easily than the smaller producers.
Although some new companies continued to enter the business,
many more older ones were forced out, and the total number of
firms declined rapidly (see Table XI on page 92).

Following the patent agreement with Westinghouse, General
Electric undertook to stabilize the entire incandescent-lamp in-
dustry. In August of 1896 “the General Electric Company, to-
gether with six other companies, organized an association known
as The Incandescent Lamp Manufacturers, which had for its
purpose the fixing of lamp prices and the allotment of business
and customers to each. Soon after its organization, 10 other lamp

314611;’ (;)éurth 7Annual Report of the General Electric Company, Schenectady, Jan.
, , p- 7.
47 Ibid.,

;
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companies joined the association and later sall others were
brought under its control. Agreements were made between the
members of the association and the Westinghouse Company,
whereby the latter, through its subsidiary, agreed to maintain
prices fixed and established by the association.” ** A pool price
of about twenty cents a lamp was established for the 8- to 25-
candlepower sizes to succeed the prices of twelve to eighteen
cents a lamp which had previously prevailed. Larger lamps were
priced higher according to candlepower. It was agreed that for
lamps supplied with bases other than the Edison and Westing-
house designs a premium would be charged.*’

These steps in the early evolution of the incandescent-lamp in-
dustry completed the development of a pattern of organization
which was maintained in many of its general characteristics for
almost fifty years. The lamp division of General Electric itself
handled about half the domestic lamp business, which amounted
in 1896 to around twelve million lamps. Although it no longer
had a fundamental lamp patent, it owned a very large number of
minor patents on the Jamp and on methods of manufaceture. West-
inghouse supplied about 10 or 12 per cent of the incandescent
lamps sold in this country. Most of the lesser competitors operated
under restrictive agreements which permitted a continuation of
General Electric’s supremacy. Only a few minor concerns re-
mained outside its immediate sphere of influence.

3. The European Electric-Lamp Industry, 1850-1896

Alchough the most significant early technical and commercial
developments in arc lighting had been conducted in Europe,

48 U8, Tariff Commission, Incandescent Electric Lamps, Report No. 133, 2nd
Ser., Government Printing Office, Washington, 1938, p. 32. The original source
for these statements is given by the Tariff Commission as Transcript of record—
United States v. General Electric Company et al.—U.S. Supreme Court, October
term, 1926, No. 113, pp. 807-809.

49 Among the members of the new association were several of the companies
which had resisted most strongly the injunctions brought by General Electric
only a few years before. The Columbia Incandescent Lamp Company of St
Louis, the Buckeye Electric Company of Cleveland, the Sunbeam Incandescent
Lamp Company of Chicago, the Perkins Electric Switch Manufacturing Com-
pany of Hartford, the Bryan-Marsh Company of Marlboro, Massachusetts, and
the Adams-Bagnall Electric Company of Cleveland were the first to enter the
association.
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American inventors and companies led the world in getting in-
candescent lighting into commercial production. British experi-
menters were concurrently working toward the same goal, how-
ever; and they were able to follow the American lead very rapidly.
In continental Europe only a little more time was required.
Within a few years a growing incandescent-lamp industry had
arisen in virtually every industrialized nation in Europe to sup-
plement arc lighting, which was already making rapid progress.

Following the early period of confusion and rapid change,
there generally emerged in each country one firm or a small
group of firms which dominated the lamp business for many
years thereafter, even if the number of producers continued to
grow. Patent monopolies and patent conflicts were important,
though only in Great Britain to the same extent as in the United
States. The leading companies usually either were or became

“fall-line” electrical-goods producers who led in several fields
in addition to lamps.

ELECTRIC LIGHTING IN GREAT BRITAIN

In England, both the Swan and the Lane-Fox incandescent lamps
were put into production in 1880, with the organization of what
later became the Swan United Electric Light Company, Ltd.,
and the Anglo-American Brush Electric Light Corporation, Ltd.,
respectively. The Brush company had rights under the dynamo
and arc-lamp patents of Charles F. Brush, as well as under the
filament-lamp patents of Lane-Fox; and it was able to make both
arc and incandescent installations. Swan was slower in getting
started with actual installations because of his early concentration
upon the incandescent lamp alone and his failure to develop simul-
taneously all the other parts of a complete incandescent-lighting
system.

The Edison lighting system was introduced into England in
1882, with the organization of the Edison Electric Light Com-
pany, Ltd. The first central station for incandescent lighting in
Europe, and indeed in the world, was the Edison plant at 57 Hol-
born Viaduct in London, which operated for about two years
after January 12, 1882, as an exhibition station.

The three companies mentioned above were the most im-
portant producers of incandescent lamps in England for several

k
k
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years; Other concerns included t}le pa.rtnershlp of \Yloolc)lholllse
& Rawson; the Maxim-Weston Tlectric Com_pany; tBe thl;};geg
Electric Light, Power, & Storage Company; _Slelril.e?s é‘gm &
Company; the Pilsen, Joel, & General Electric Light pC erzlr,
and the British Electric Light ComPany. The lastdtyvo C(g;sceni
were primarly arc-lighting companics fhey &1 Y ofher con.
ighti round out their lines. g
?églglt;?sgug})l as the Jablochkoff ]*ile}clt{'ic Light & Power Company,
ned their attention to arc ighting.
Coz{;though ¢he British incandescent-lighting 1rédgstr}lf gﬁi;ﬁ- itc(z
a rapid start, progress was subsequently retai)de d y t?teto ctric-
Lighting Act of August 18, 1882, passed by ag }amer}l1 o gin n
the terms whereby the streets eould be opene for the yﬁo gFor
cables for central-station distrlbtltlen of electric %nergy. ; Jor
three years prior to the passage of th_ls act, there ha? een 3 jlf)lo ehe
boom in operating companies, partlcular!y those '1censeh dy‘been
Anglo—American Brush Company. Pubhc enthusm;m 211 been
roused to a feverish pitch after the Pans and Lop on el ectri !
exhibitions of 1881 and 1882. Ir{ﬂatlon of security va }lei' a}l;l
extravagant commercial ventures in bot}} types of electri:: ight-
ing were the rule rather than the exception. EXhaustlyeh earings
were held by Parliament, and a la\y was pas'sed "Wh;lc dwas1 in-
tended to provide the greatest p}lbll_c protection in ¢ ed eve 0}.):1
ment of central-station electric_ hghnng. It was de51gnei to ?‘V(l)llt
the monopoly evil in electric l1ght1r_1g '.that_hadf plague hgas a%read
ing and to keep proponents of electric lighting trom rushing pead
heedlessly in an untested ﬁel_d, The strongest provisions o [
act represented a reaction against the abuses_ of the }gla_s clorn}ia reas.
They had been granted perpetual monopelles four }tl eir otcama‘t s
and customarily sold poor gas at high Fnce‘f{C\:lt no attemp
1 vement in quality or economy 01 s€r - .
lm%f}?e key provigionsq(;f the law were ('1.) that hhcensesbrip%}rlrtlezet
granted to companies or to local authorities for the esta1 is nent
of central-station electric lighting, and (2) that the local gowv
5 Ik Dethridee, A Handbook on the Electric
Li‘g)gobiij:g ﬁzz‘l;SgZ‘,PSOiﬁ}élﬁgg ilz/f:?shall & po,g, London, _188223 ('}eort%e; %l:l):?;ji-
Bowes and Walter Webb, The Law Relating 10 Electricity, Being

Lighting Act, 1882, Sampson Low, Marston Searle, & Rivingrom, London, 1882;
aniél Whyte, The Electric Industry, pp. 19-25.

i
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ments might purchase all properties and rights of the lighting

companies at fair market value within six months after twenty- v

one years from the date of the license. If the option to purchase
were not taken up then, it could be exercised within six months
of the expiration of each subsequent seven-year period. Market
value, moreover, was stated explicitly as excluding goodwill, ac-
cumulated profits, and similar items. Local authorities were in
that way protected from being obliged to continue indeﬁnitely
with the new method of illumination, should it be found to be
unsatisfactory.

The Electric-Lighting Act had effects not foreseen by Parlia-
ment. Instead of provoking caution in central-station electric
lighting, it stifled commercial development. Investors were un-
willing to risk their capital in facilities which could be taken over
at much reduced prices by the local communities after twenty-
one years. The speculative Brush and similar companies collapsed
and were liquidated, one after another. Very few central-station
companies of any sort were able to survive. Until the law was
amended in 1888 the only progress in electric lighting was in
isolated incandescent and arc-lamp installations, which were com-
mon,”" but did not stimulate the British electrical-goods industry
as did the central-station development in America. The amended
law extended the life of illaminating companies to forty-two
years; and, with this greater inducement to venture capital, cen-
tral-station electric lighting became commercially possible. Elec-
tric lighting expanded rapidly thereafter, yet all branches of the
British electrical industry had inevitably been held back. Unham-
pered during those six years, the American industry had far out-
distanced the achievements of the British; and the German
industry was rapidly rising in relative importance.

As early as 1882 the Swan and Edison electric-light companies
collided over patent rights. Fach company accused the other of
infringing its “basic” incandescent—lamp patents. The ensuing
cross-suits were settled out of court by a merger of the two in-
terests through the creation of the Fdison & Swan United Electric

51In Apr., 1883, there were 28 complete Edison isolated plants of 7,493 lamps
in operation or in process of installation in England. Additional plants followed
rapidly, and several other companies were also making installations. See Bulletin
of the Edison Electric Light Company, No. 17 (Apr. 6, 1883), pp. 20-21.
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i , Ltd., in 1883.72 The Edison“& Swan company
Llllgrtcl;a(s::? girgyer’s English patent on the‘ ﬁlgment—ﬂ:ﬁhmgt
grocess and in 1886 was successful in defending it, as well as its

N ) . ¢
-desi tents, in litigation against the Bridsh ﬁ;m 0
1\%?)%5}?;11%2 E’S aR?awson. Thegmost irpportant aspeﬁit of tth1sa§2rslet
was the upholding of the b(;lsii:1 ]iilsi)sn gjégg;_b jtxgeélw ;El ent
nts of Swan and all others. _ :
%‘éeigotr}ll;fgrfts were owned by the same compary, t111: f(rll'adeethtttﬁz
commercial difference in England which Wege Iipf c; t},wyAmep
decision for Edison created an important pr‘eceL'enht. 3 Commng
ican case against the U(r;ited St;tes Electric Lightung 3
ich has already been discussed. s §
W}Zcf}tler its victo};y over Woodhouse & Ravgson},1 t}jin ];:Od—lzx;?; _
company attacked the users of lamps made' y ¢ Tehe " gurts .
ican Brush Company, its other large compeutﬁr. e courts again
upheld the Edison patent and found that the Brus ! c% dP Onyhm
ir?fringing both the “flashing” process ar_ld the basic dlsctio;l 01;
patent. The Brush company aggeed to give up th produ
ncandescent lamps until the Ed{son patent exp(;r% .u1t o
All the electric-lamp companies had Bhad a di ch s ome from
1882 to 1888 under the Electric Lighting l’l‘tlgt. Bm};h cers
the only important survivors.were the E lllsxlwa(ril,f Oun(i ié and
‘Woodhouse & Rawson comparues, and they ah ha ound It hatd
to remain solvent. After the amendm.ent Of\It e z{ct 1 roddcers
entire industry grew much more rapldly. ld egv }zr;};rgheless s
ntered the business, and the market expanded. ele ,S in
ﬁ1890 there were only twelve prlod}?.Cers é}f lr}ca&ie%;?tted St};tes
3 ital ared with thirty-five in ti : .
G%ﬁe}gég?sggzsc?nflp};ny’s legal victgr.ies gave 1t a prz;cgtglialcroprg:
nopoly of incandescent-lamp produqmn, and aftzrd b are
etition melted away. Some companies Were sto}}:p }iumarﬂy
£ ceedings; some accepted licenses. _Ot ers vo
s Pfl(;d 0 erat,ions, and others became insolvent and 'Welfe
?illcis'giecited. BE; 1893, the number of producers even nommaily

clashes were settled by the offering of licenses. For

1 i ic Light Company, Ltd., withdrew its

¢ 1883 the Edison Electric Lig omp Y

?Xamplea ?i?i?nltment suit against the British Electric Light Cfor;l;;a?grr,nLt:iu Hslu;n

PI"OPOS; it a lict;gnse under the Edison lamp patents in re'cun;1 oB L c% .

gm;llte dla royalty for each lamp produced thereafter by ¢t eF br12 s o
gil:e Bazltllletin o¥ the Edison Electric Light Company, No. 16 (Feb. 2, ,

52 Other early patent

i S i S S
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in the lamp business in Great Britain had dropped to seven, and
a few of those were temporarily closed (see Appendix B).

As the monopolist, the Ediswan company was able to charge
high prices for its product. The 16-candlepower lamp was priced
at 3 shillings 9 pence, and larger sizes were sold for proportion-
ately higher sums. Those prices were maintained almost to the
expiration of the patent, while at the same time the 16-candle-
power lamp was selling on the continent for only about a shilling.

It was not until the middle of 1893 that many new manufac-
turers became seriously interested in producing incandescent
lamps. The patent ran out in November, and within three years
close to fifty new brands were introduced in the British market.
Many of the new lamps were made by foreign producers, who
began exporting to Great Britain on 2 much larger scale than
formerly. Despite the increased number of competitors and the
reduction of prices to about a shilling for the standard 8- to 32-
candlepower lamps, the Ediswan company had the advantage of
a high-quality lamp and a well established commercial position

and continued to lead the industry. It also sall had important
patents on lamp holders and lamp fittings. A great many of the
newer firms soon failed, and only about thirty domestic and for-
eign brands remained on the markert at the end of 1896.
Dynamos, arc lamps, and all other types of electrical equipment
were produced in quantity in Great Britain during the years
1880 to 1896, particularly after the amendment of the Flectric
Lighting Act in 1888. Although total output was considerably
less than American production in most of these fields, there were
at least as many British manufacturers of electrical apparatus; and
they far outnumbered producers in other European countries.
For example, there were twenty-seven manufacturers of arc
lamps in Great Britain in 1889 and but fifteen in the United States.
By 1896 the numbers of arc-lamp producers had increased every-
where, yet Great Britain still led the United States, fifty-four to
forty-four (see Appendix C). Nevertheless, the slow growth of
central-station lighting until 1888 held back the British somewhat,
and not much of importance to the American lamp industry took
place in England in these other fields after 1880 and before 1896.
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ELECTRIC LIGHTING IN CONTINENTAL EUROPE

Even though the most successful inventors of the incandescent
lamp had been Americans or Englishmen, after the International
Exposition of Electricity at Paris in 1881 continental interest in
incandescent lighting was greatly stimulated. That exhibition
marked the first extensive publicity which the Edison lamp had
received in Europe, and it was given a more enthusiastic recep-
tion than any that its competitors had yet won. A n.urnber of
European experts who had been very critical of Edlson. were
entirely converted to the completeness and excellence of his sys-
tem. He was awarded the diploma of honor for the best incan-
descent electric-lighting system and was decorated by the French
government.®? '

The first permanent central station for incandescent lighting
in Europe was the Edison station in Milan, which was put mto
operation soon after the New York Pear] Street mnstallation. The
Ttalian concern was organized and financed by Italians, and held
a license under the Edison patents according to the arrangement
employed with American illuminating companigs. The Itaha}n
development, although quick to get under way, did not result in
an important electrical industry. Isolated plants and other central-
station installations were made, and the Milan plant was one of
the most progressive in the world; but most equipment continued
to be imported, and relatively few significant technological ad-
vances were made by the Italians.

The first central station in Germany was erected in Berlin by
an Edison-licensed company in 1884. Isolated plants were com-
mon in Germany, however; the first one was an Edison plant
installed in the Strassburg railroad station in 1881, and 550 were
in operation by 1885.% Arc lighting was also common by the
time the first incandescent station was put into operation.

After the Paris Exposition of 1881, Basch writes, Edison had
offered to license the German Siemens & Halske Company under
his patents for the manufacture of incandescent lamps. Werner

52 Similar recognition and honors were won by Edison’s light at the Crystal
Palace Exposition in London during 1882,

54 Carl Basch, Die Entwicklung der elektrischen Beleuchtung und der In-
dustrie elektrischer Gliiblampen in Deutschland, Siemenroth, Berlin, 1910, pp
11, 13.
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Siemens declined the offer because he was too proud of his repu-
tation to accept a license under some other company’s patents,
and because at that time he thought that the arc lamp would force
the incandescent lamp off the market within a short time. The
Edison patents for continental Europe were then assigned to the
Compagnie Continentale Edison in Paris, and the German Emil
Rathenau acquired the German rights from it and organized a
research company. From this company there followed in 1883
the German Edison Company (Deutsche Edison Gesellschaft
far angewandte Elekerizitdt), which produced lamps itself and
licensed others to produce them under its patent rights. The
Siemens & Halske Company was active in the organization and
control of the new concern, despite its earlier rejection of Edi-
son’s proposal. In Germany, also, numerous inventors and engi-
neers soon undertook to produce lamps of their own design.

In France the situation was somewhat like that in Germany.
French laws required patented articles to be manufactured in
France to maintain patent validity. For that reason, and since no
Frenchmen had participated in any important way in the techni-
cal development of the incandescent lamp from 1877 to 1881,
clectric lighting installations of that type were delayed until
foreign plants could be established for the manufacture of the
necessary apparatus. In 1881, a lamp factory was established in
Paris by Swan.” The Edison interests were not far behind Swan
in their establishment of the Société Electrique Edison and the
Compagnie Continentale Edison. By 1882, installations of isolated
incandescent lighting plants were common, and central-station
lighting followed within a short time. Many domestic manufac-
turers similarly went into production soon afterward, and by the
end of the eighties there were more producers of incandescent
lamps in France than in England.

In other parts of the world, such as Central and South America,
lighting activity was at first confined largely to the installation of
isolated plants produced by the larger American or European

%5 When the Swan United Electric Light Company, Ltd., was formed in 1882,
Swan’s continental business, which by that time included factories at Lille and
Cologne as well as in Paris, was consolidated with the English business under 2
single company.
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1 1 ompany
manufacturers. In those areas also the A:merlcan Edison Company
was at first more active than 1tfs gompgﬂto;.t Jamp production i

1 ncandescent-
Despite the slower start of mca ction 1
continféntal Europe, by the b'egu}mng of Ol lfr?tlrizge(rsee ewAppendix
i tion 11 mine ¢
than fifty producers in opera . ies (see Appen
the continent, with mor
B). France and Germany led | : e
of) the companies located within the1r. borders. Alm'ong tI}—lleoﬁand
countries with growing lamp industries were Belgrum, ollanc ,
N on
Austria, Italy, and Hungary. Asa r?fu%h ap(irkolxézit;t tim tim};
1 est of the w
be said that total output of tf}e r ‘ ' that o
a little greater than production by American incandesc P
manufacturers. ' o -
The French lamp industry increased in size at }flirst moriégg th};
than any other in continental Europe. As in other courrllies ,Soon
interests of the opposing Swan and Edison .C(})lmp? ies soon
clashed, and a compromise similar tof t}}:e (?rms fl(i)euGénémle
? 0 - a
I formation of the Compagnie {
reached in 1888 with the : N e
des Lampes Incandescentes. Patent conflicts and 11égaté(;;116cand
tinue in France, however, between the Compagn;e 1 errel rale and
the increasing number of compétitors. By 183 F}(e)ns ere at
least eighteen producers in operation. C'ourt‘ :(():is}lf o chew
i 1 tents the sweeping viC :
ive the French Edison pa . oy
gained in England and the United States, even Fhough Sflg;usive
%ringement prosecutions were successful. Lackmgka co{(md e
decision competition in France continued ver};d Een, and the
9
market was fairly open. The standard lamps sold for a
cents each. ' £ the
In Germany the Edison and Swan la_mps'supphed mosz of fhe
rket for a few yéars.56 When the 1nev1tablE patent cond
o i blem by consolidation,
d not resolve the pro o
arose, the Germans di C y comsoidarion,
iti h had done. The Germa
as the British and Frenq Ger o
any sued the Swan United company for 1nfr1néemen;.tlieli Zig,
Efter several years of litigation, the S;upreme1 ouilrt 2 1§mp
decided that the Edison patent was valid, but that the

di(}fﬁztériglrﬁei)atent monopoly was weakened even before the

logne
56 The Swan United Flectric Light Company Qperated ]j:ldlgrng I;(Iarslzv ;;tn C% I?igted
until 1894, when the company was merged with the Ediso

company.
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final court decision, for as early as 1887 the German Edison Com-
pany terminated its obligations to the Compagnie Continentale
Edison and agreed with Siemens & Halske to the same rights and
duties for the German industry. At the same time it changed its
name to Allgemeine Elektrizitits-Gesellschaft ™ to make known
its independent position.®

The influx of new lamp producers in Germany was greatest

during the year 1889. Competition became intense, and prices
were forced to levels well below a shilling for the standard lamp.
According to one German writer,” it was neither lawsuits nor
patent-precipitated consolidations which held down the number
of firms in the industry, but rather the inability of many pro-
ducers to keep up with the others in productive efficiency. This
seems also to have been true in Austria, Italy, Hungary, Holland,
Belgium, and other countries. The European product suffered
seriously in quality as a result of the violent price competition.
Representatives of the German electrical-goods comparies met
in 1894 to study the problem, and they concluded that the com-
plaints about low lamp quality were justified. Poor manufactur-
ing techniques produced uneconomical lamps of short life, and
imperfect sorting and false marking were common.

Faced by that situation, and in the absence of a patent mo-
nopoly such as existed in England and America, the Germans
turned to another device, The representatives of the electrical-
goods companies worked out an agreement for raising and stand-
ardizing the quality of incandescent lamps and for reducing
competition. A retail price equivalent to about one shilling
was established, as well as wholesale and manufacturers prices.
The organization of German incandescent—lamp producers had
for its purpose “removing economic losses by common agree-
ment.” * That association was the predecessor of the lamp cartel
that has controlled the bulk of European lamp production since
1903. Originating in Germany, it soon spread to the other Furo-

57 It is fre
Company.

58 Basch, op. cit., p- 56.

S E. A. Kriiger, Die Herstellung
Leipzig, 1894, pp. 3-4.

60 Basch, op. ciz., PP- 66-68.

quently called AE.G., Allgemeine, or the German General Flectric

der elektrischen Gliiblampe, Oskar Leiner,




114 The Electric-Lamp Industry

pean nations. Siemens & Halske and Allgemeine were the leaders
m the movement to end “ruinous price competition.”

While the incandescent-lamp industry was expanding, arc
lighting and other applications of electricity also continued to
flourish in Europe (see Appendix C). Arc lighting had had a
vigorous start in Great Britain, and the number of producers of
arc lamps in that country led all other nations through 1896. The
American industry expanded rapidly during the eighties and early
nineties, however, and the smaller number of producers evidently
exceeded British production by a considerable margin. France
was for a short time the third largest producer of arc lamps, as
well as of other electrical goods. With the growth of Siemens &
Halske and Allgemeine after 1890, continental leadership soon
passed to Germany.

- Chapter V: TECHNOLOGICAL DE-

VELOPMENTS DURING THE
FORMATIVE PERIOD OF THE
ELECTRIC-LAMP INDUSTRY:
1880-1896

1. Technological Developments in Incandescent Lighting, 1880~
1893 -

FREEZING OF DESIGN

OncE a practical incandescent lamp had been developed and
placed on the market, engineering attention was shifted largely
from the basic characteristics of the lamp and the filament to other
aspects of the lighting system. For commercial success it was
necessary to establish satisfactory designs for bases, sockets, fuses,
fixtures, meters, and similar features. The distribution system and
generating equipment also required a great deal of attention. Effi-
cient methods of production had to be devised for lamps and all
other apparatus. This does not mean that the lamp filament was
completely ignored, for Edison’s Bristol-board filament was
quickly displaced by bamboo, by Swan’s parchmentized cotton
thread, and by other materials that will be mentioned shortly.
It does mean that the nature of the technical problems changed
radically with the new commercial status of the industry, and
for some years the illuminant received relatively less attention
than formerly. In the lamp, the emphasis passed from the im-
provement of basic characteristics to the improvement of details.

The evolution of the Edison lamp base and socket was typical
of the rapid change through which many such features of the
lighting system passed. The first Edison base was a round wooden

~ plug which slipped into a wooden socket containing a hole of

the same size. Strips of metal on the base in contact with similar
strips in the socket permitted the current to flow through the
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lamp. This type of base required the lamp to stand upright, for
otherwise it would have fallen out. Early in 1880 the screw cap
on a kerosene can provided the inspiration for a new screw-type
base. A wooden base supported and insulated the metal screw-
shell and ring terminals and was attached to the bulb with plaster
of Paris. The following year the size of the base was reduced,
although it retained the same general features. Shortly thereafter,
the wood was superseded by plaster of Paris, and the metal ring
above the shell was replaced by a metal button on the end of the
base. Subsequent changes were more gradual and were made

Howell and Schroeder

Fic. 20. Base Varieties Used During the Early Commercial Years

Top row: Edison base evolution (left to right); original wooden screw
base with metal ring, 1880; plaster base with metal ring, 1881; plaster
base with metal button, 1881; porcelain base, 1900. Bottom row (left to
right): Thomson-Houston base, Westinghouse base; “Ediswan” base;
United States Electric Lighting Company base.

only in minor features. Other lamp manufacturers, in this country
and abroad, after similar evolutionary developments, also adopted
particular types of bases and sockets. Since each producer had
his own design, the lamps of one would not normally fit into the
sockets of another. At first, it was only by using special adapters
that lamps could be used interchangeably. Later, many manufac-
turers undertook to provide customers with lamps having any
type of base required.
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IMPROVEMENTS IN CARBON FILAMENTS

The success of the carbon lamp in 1879 and 1880 ended for a
time almost all attempts to make metal filaments. It was thought
by many that carbon was the best of all possible materials, and
attempts at betterment were confined largely to carbon. By 1884,
however, the greatest progress had been made, and no further
important improvements in carbon resulted for twenty years.

For a dozen years after 1884 relatively little attention was paid
to filament development. Lamp manufacturers were busy with
manufacturing and promotion, and carbon seemed to have
reached its peak. The type of competition within the lamp in-
dustry at that time was not conducive to extensive filament ex-
perimentation by men of top-notch ability; nor had competition
trom gas and arc lighting assumed dangerous proportions. Also,
numerous scientific advances, which soon opened up many new
channels of investigation, were not available to lamp engineers
during the eighties and early nineties.

The development of homogeneous, non-structural carbon fila-
ments was the great advance from 1880 to 1884. British inventors
were outstanding in that work. In 1882, Desmond G. Fitzgerald
of the School of Telegraphy and Electrical Engineering in Lon-
don invented a new structureless filament. He soaked paper in
zinc chloride to make it homogeneous, washed it in baths of dilute
hydrochloric acid and water, and then dried it. The resulting
sheet was hard, transparent, and tenacious. It was cut into strips,
carbonized, and used in incandescent lamps.* The lamp was pro-
duced in England in 1882 by the school, which was the first
electrical engineering school in England, if not the world. This
seems to have been the first non-fibrous material successfully em-
ployed for incandescent-lamp filaments. Swan’s parchmentized
filaments of 1880 had represented a partial abandonment of Edi-
son’s natural vegetable fibers, but not to the extent of the Fitzger-
ald and later developments.

Other methods of preparing structureless filaments were de-
vised within a few years. Swan discovered a process in 1883 for
squirting a viscous solution of nitrocellulose through a die into
a coagulating bath of alcohol. The thread was washed and deni-

3 Electric Light, Vol. 1, pp. 83-84, 87 (QOct. 2, 1882).
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trated before carbonizing.? Tt was used in European lamp pro-
duction for many years. In 1884 Edward Weston, who had
concentrated primarily upon arc lighting, developed a modifi-
- cation of the Swan process that was used by the Unired States
Electric Lighting Company in some of its lamps.? “(Gzun-cotton
in the form of flat sheets was treated chemically to separate the
nitryl from the cellulose. The resulting cellulose product is a
tough, firm translucent substance from which the strips are cut
in a sinuous form and carbonized.” * The Weston product was
called the “camadine” filament and was used in the Westinghouse
stopper lamp of 1893.

After 1884 further refinements were made in non-structural
carbon filaments, although there were no radical changes. Alex-
ander Bernstein obtained a new kind of carbon filament n 1886
by suspending 2 fine metallic wire in a liquid hydrocarbon or
some other carbon compound. When an electric current was
passed through the liquid from the wire to a copper plate on the
bottom of the container, a hard and dense deposit was formed on
the end of the wire. By varying the current and the rate at which
the wire was withdrawn, a filament of any desired size could be
obtained.” In 1888, Leigh S. Powell, another Englishman, com-
bined the earlier Fitzgerald and Swan methods. He dissolved
cotton in a hot zinc chioride solution, squirted this mass through
a die into alcohol or water to harden it, washed out. the ZINC
chloride and then shaped and carbonized the filament.® Other
unique processes were developed by inventors in many nations.

The structureless filaments were 1mprovements over the bam-
boo, grass, cotton, silk, woolen, and other structural-fiber fila-
ments used by Edison and many other manufacturers, (reater
homogeneity in composition and uniformity in cross-section
could be obtained with the chemical processes, particularly when

2. Basil Barham, The Development of the Incandescent Electric Lamp,
Scott, Greenwood & Son, London, 1912, p. 26.

3 Weston became the electrician and guiding technical force of the United
States Electric Lighting Company in the place of Maxim, who had gone to

Europe.
4 Franklin Institute, Efficiency and Duration of Incandescent Electric Lamps,

Philadelphia, 1885, p. 7.
5 Electrical Engineer, Vol. V, p. 213 (Sept, 1886). :
6 John W. Howell and Henry Schroeder, The History of the Incandescent

Lamyp, Maqua, Schenectady, N.Y., 1927, p. 82.
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they were followed by “flashing” the filaments in a hydrocarbon
atmosphere. Alathough each manufaccurer generally m};de his fila-
ments by a unique process, most of the filaments were the s
in essential nature, e
Further attempts at improvement involved the use of additional
substzmces in efforts to raise the operating temperature above the
1600°C. or so normally used or to add strength to the carbon
The Ger.man—made Seel lamp, for example, used threads of silk'
or E&fool umpregnated with a mixture of sodium silicate and gum
arabic. A Hungarian lamp company used threads impregnated
with potassium silicate and other substances. Alexander %Jod
guine tougher_led his carbon filaments by treatment with borgr;
fluoride and impregnation with sugar. Even when successful
however, all the proposed replacements for vegetable ﬁber;
marked only a small step forward in terms of potential improve-
ments. Only 1 or 2 per cent of the electric energy used bp an
carbon lamp was given off as light; the rest was wasted as }}71eat.}"r’

NEW NON-~CARBON FILAMENTS

The eventual downfall of the carbon filament was foreshadowed
by a number of other developments which had occurred by 1893
When experimenters found after 1884 that they could iot in—°
crease the efficiency of carbon filaments, they gjraduall turned
back to metals and to metallic oxides and salts. The ﬁrst};ttem ts
made were to combine with carbon other substances as in the igl
pregnat_ed thl;)eadsﬁ lmentioned above. Other more complicatec-l
composite carbon filaments i
Cont};ining rbon flame aHuvvere also tried, as well as a great many
Even though none of the metallic or composite filaments made
by 1893 represented any real improvement over carbon, they did

~ 1nd1cgte the growing interest in finding a new and better filament
~material. In the United States this interest in large part repre-

7 Carbon has a relatively high lectri i
gh electrical resistance as compared with the metal
ng cellulose filaments of all types for use on circuits of 11% volts averaged Z:ﬂ;
out six inches in length. Because of the great elasticity of the carbon, the fila-

< “ments needed no further support, and. carbon 1 i
i , amps could burn in any position.
Since the shape of the filament largely determines the distribution ;agternm;f

i L
ight output, many variations were adopted by the lamp manufacturers for the

i di“el €1 sizes a d yp Y
E 1d € €S O la O W Tal were wav oops
S f mp. S me ¢Ie st alght U $; some ere a 1 P 5

some were shaped like the figure 8; oth i
e ere shaped like typges . ; others had loose coils of one or two turns;
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sented attempts by competitors to get around the basic Edison
patent. In England the stringent monopoly choked out almost
all attempts at betterment, particularly after 1888. On the conti-
nent, where there was not a tight monopoly, interest in new ma-
terials was aroused more quickly and more keenly, although with
no greater initial results.

One of the first to turn away from pure carbon after 1880 was
F. G. Ansell, an Englishman, who in 1883 tried the electrqdeposi_
tion and oxidation of calcium, aluminum, and magnesium on
carbon filaments. Filament operating temperatures Were no
higher than those of pure carbon, however. Ansel_l also atterppFed
unsuccessfully to give strength to wires of calcium and similar
metals by oxidizing their surfaces.® In 1886 a German patent was
issued to Max Neuthel for a filament of magnesia and porcelain
clay saturated with “platin-iridium” salts and then heated to re-
duce the salts to a metallic state. It was strengthened by a covering
of chromium and was burned in air.? Although coatings of metallic
oxides on platinum or carbon wires were later tried by many
other individuals, the differences in coeflicients of expansion al-
ways destroyed such filaments when they were hea.ted.

In 1887 the American, Turner D. Bottome, applied for a patent
which was granted in 1889 on a process for making.a composite
carbon and tungsten filament. The tungsten was designed to add
hardness to the carbon. The process did not permit a much higher
operating temperature, however, and it was not succpssful. Bot-
tome took out another patent in 1889 on a composite filament
of carbon and molybdenum. In 1890 Lawrence Poland was
granted an American patent, for which application had been made
in 1887, on a special type of iridium-filament lamp. A few years
later, after the validity of the basic Edison patent had been sus-
tained, the Westinghouse company undertook to dqvelqp 4 non-
infringing lamp. As part of this e.ffort, t_he_ Russian inventor,
Alexander Lodyguine, whose experiments in mcandescgnt light-
ing had started as carly as 1872, was h1.red by Westmghous.e.
Lodyguine attempted to coat carbon, platinum, or other metallic
cores with various metals, including tungsten, osmium, molyb—
denum, and chromium. Unfortunately, he was not able to get rid

8 Electrical Engineer, Vol. X, p. 353 (Oct. 7, 1892).
9 Ibid., Vol. V, p. 175 (June, 1886).
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of the cores and obtain pure metals; his filaments could not stand
high temperatures any better than those of Bottome or the others.
The American, F. M. F. Cazin, received the first of a long series
of patents on the incandescent lamp in 1892. He tried at first to
cover carbon filaments with copper or other metals, which were
then coated with metallic oxides. Other schemes were developed
later.

One of the most notable early developments in new filament
materials was the attempt by the German, Rudolf Langhans, in
1888 to make a composite filament consisting of an “inner mineral
core of great light-giving power which was in itself a conductor,
together with an outer coating of carbon, silicon or boron which
conducted the current to the mineral vein or core when the latter
had passed to the radiating condition.” ** Langhans was brought
to America in 1889 by the Thomson-Flouston Electric Com-
pany, which encouraged and financed his efforts to develop a
substitute for carbon. Although he obtained an American patent
in 1894 for his process of chemically combining carbon, silicon,
and boron in varying combinations, he was not able to develop
his ideas to a commercial stage in this country. After his return
to Europe, however, the Langhans lamp was made and sold there
for some years. Many other materials were also tried by a great
number of inventors in efforts to obtain filaments which could
stand higher operating temperatures. Though unsuccessful, the
work up to 1893 broke new ground for later experiments by
individual workers and by the lamp companies.

It is significant that most of the attempts up to 1893 to replace
carbon by other substances were made by private inventors. Fs-
tablished lamp manufacturers did not participate notably, except
in the two instances in the United States where the primary goal
was to avoid the Edison patent. Fundamental scientific advances
were being made continually, yet the lamp industry was not at
that time receptive to new approaches to its problems. Moreover,
there had not as yet been a specific scientific discovery that im-
pinged so closely on incandescent lighting that it could not be
ignored. Such advances came a few years later, along with great
increases in incentives for filament improvement.

10 Barham, op. ciz., p. 29.
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DECLINE OF EDISON LEADERSHIP .
During the first few years of commercial incandescent electric
lighting, the Edison lamp e).(c'elled in almost all respects. 15/,; won
first place at the Paris Exposition over the lamps of Swan, Maxim,
and Lane-Fox. By the beginning of 1884 it had 'a%so I?Celv.ed
awards at the London Crystal Palace and at expositions in _C}n-
cinnati and Louisville. Supplementary tests at the': Paris Exp051t1pn
showed that the lamp compared very favorably in efficiency with
all its rivals at that time. . '

After the original introduction of the mcandesg:ent' lamp and
its first rapid changes, howeVe_r, the Edison Electric Light CEom-
pany did not introduce many important new de;velopr,nents. di-
son himself turned to other problems, and the company’s technical
leadership in incandescent lighting was not re‘x.flvefd until after. the
merger with Thomson-Houston. It made no significant contribu-
tion to the filament advances mentlon_ed above. To be.sure, after
1888 the Edison lamp was somewhat 1mproyed in efﬁc1ency by a
thin coating of asphalt on the filament; but it was not until 1894
that General Electric replaced bamboo with the squirted filament.
After the merger, the Edison lamp works were also alzle to use th_e
“flashing” process on lamp ﬁlam_ents and catch Illlp with competi-
tors who had previously been using the process.

The first commercial Edison lamps were rated at 1.68 lumens
per watt when new.'? Improvements in the untreated bambqo
filament increased its initial rating to 2.25 lumens per watt in
1881. The asphalt-treated filament of 1888 was rated at 3 lumens

er watt, and the rating rose to 3.3 lumens per watt with the use
of the “filament-flashing” process in 18'935 .

Despite the improvements in Fhe Edison lamp, a numbpxi of Es
competitors had improved their lamps even more rapidly. 5
early as 1885 the lamps of severgl manufacturers were t;cigte
by a committee of the Franklin I.nstltute{, and, although 'Fhe E ison
lamps were found still to excel in certain respects, particularly 13
length of life and uniformity of performance, they consumef
more energy than any other make tested for an equal amount o

11 “Flashed” lamps gave on the average about one-third more light for the

same energy consumption than those in which the process was not empéf(i)}{e(ll.c
12 Edison’s experimental lamps of 1879 are estimated to have had an efliciency

of 1.4 lumens per watt.
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light output. The tests showed the average efficiency of the stand-
ard Edison lamp at that time to be 4.47 watts per spherical candle
(2.8 lumens per watt), and that of the competing lamps tested to
range down to 3.45 watts per spherical candle (3.65 lumens per
watt).'® Efficiency advantages permitted many of the other Amer-
ican concerns to compete very successfully with the Edison lamp
after 1885 and to improve their positions steadily until the cor-
porate reorganizations and the establishment of patent supremacy
regained for the Edison lamp commercial supremacy as well,

Initial efficiency is not the only measure of a lamp’s value; its
life and its maintenance of candlepower throughout life are
equally important. There is an inverse relationship between in-
candescent lamp efficiency and life. A lamp can be made which
will provide a very high candlepower for a few seconds, a very
low candlepower for tens of thousands of hours, or a candlepower
anywhere between. The candlepower of an incandescent lamp
falls off with use, and for carbon lamps the decline was often
found to be the greatest for those with the highest initial efficien-
cies. After very long use of 2,000 or 3,000 hours, lamps which
had not yet burned out frequently gave less than one lumen per
watt. It became clear that since electric-lighting costs consist
largely of current consumption, the optimum balance of lam
efficiency and life required replacement after from about 600 to
1,000 hours. The lower efficiency of the Edison lamp made it less
economical than many competing lamps, despite its long actual
life of up to 2,000 hours. The declining candlepower which ac-
companies long life and which usually makes lamp replacement
desirable before filament failure began to be recognized as impor-
tant only around 1890. Methods of reducing bulb blackening as
one means of maintaining light output were not explored seriously
until after that date.

The economy of American lamps in general surpassed that of
lamps of British and continental European manufacture through-
out the entire period from 1880 to 1896. The slower start of con-
tinental producers and the obstacles to expansion of the British
industry gave the Americans an initial advantage which they were
able to maintain. American superiority resulted primarily from

greater manufacturing precision and care.- Although many con-
13 Franklin Institute, op. cit.
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tinental European lamps had very high initial efficiencies, Ameri-
can lamps tended to be more efficient at optimum lives, more
uniform, and more reliable. There were still considerable differ-
ences among manufacturers in the United States as well as in all
other countries, however, and even among lots made by the same
manufacturer. As long as manual methods of production were
employed, quality could not be completely standardized.

IMPROVEMENTS IN MANUFACTURING METHODS

During the eighties incandescent lamps were made almost wholly
by hand. Only a few simple machines were employed in either
filament making or lamp assembly. Processing the various parts
took a long time, and high skills were needed by the glass blow-
ers ™ and other workmen, both in making the parts and in assem-
bling the lamp. Most workers at that time were men. Although
gradual improvements were made in almost all phases of manu-
facture, the methods remained almost exclusively manual for
many years. Facilities had to expand tremendously as production
increased from about 70,000 lamps in 1883 to 7,500,000 lamps in
1891; but techniques did not change rapidly. One of the most im-
portant early advances in manufacturing technique was the im-
provement in the Sprengel mercury pump, which by 1885 had
reduced exhaust time from five hours to thirty minutes.'® The
first recorded glass-working machine used in lamp manufacture
was a crude sealing-in machine introduced into the Edison lamp
works around 1889, which joined the glass stem and filament sup-
port to the neck of the bulb in an airtight seal. Its use lowered the
skill necessary for the operation but did not increase the number
of lamps an operator could process in a day. This and similar sim-
ple machines had the important effect of displacing men by women
in many lamp-assembly operations.

One of the major problems which confronted the early lamp

14 Lamp bulbs were blown “off hand” at first, but hand blowing into molds
was soon adopted to achieve uniformity and to reduce costs. Glass tubing and
cane were made completely by hand.

15 Since the life of the lamp depended in large part upon the quality of the
vacuumm, it was essential to remove as much of the air and occluded water vapor
as possible. To drive the moisture out of the glass bulb and other parts, the lamp
had to be heated during exhaust to a higher temperature than it would experience
in actual operation.

Genesis of the Lamp Industry 125

manufacturers was reducing the amount of platinum used in the
lamp. Because it was a good conductor of electricity, because its
coefficient of expansion was very nearly the same as that of glass
and b.ecaust} it adhered well to glass, platinum had been used com-
mercially since 1880 to conduct electric energy from the lamp
base. through the bulb to the filament. The increasing demand for
plgtmum drove up its price, and by 1890 it represented about one-
third thev cost of the entire lamp. Various attempts were made to
find a satisfactory substitute. As early as 1881 Sir William Crookes
had'suggested a copper, silver, or gold wire encased by a sheath of
platinum; .that constituted only a slight improvement. Attempts
to embed iron or copper wires in a cement which would adhere
to both the glass and the wire were unsuccessful. In 1891 a tin-
copper alloy was tried by a Viennese inventor, and in the same
year the American, R. A. Fessenden, devised an alloy of iron

nickel, Coba'lt7 silicon, and gold or silver. Nevertheless, in 18937
the most sa.tlsfactory method of reducing the amount of platinum
consisted simply of using a very short length of pure platinum to
pass through the glass and welding to it a copper wire to carry the
current from the base and a nickel, copper, or other type of wire
to carry the current to the filament. This was known as the
‘Siemens seal.”

None of the_ early producers of incandescent lamps conducted
basic rese.arch in the general field of incandescent lighting. Their
laporatorl§s, such as they were, concerned themselves primarily
with specific problems of improving parts of the product or its
processes of.manufacture. For example, Barham *¢ cites two im-
provements in methods which he attributes to the Edison & Swan
United Electric Company, Ltd.: (1) welding the ends of the fila-
ments to th_e lead-in wires by local electric heating in a hydro-
carbqn liquid, and (2) finishing the filaments by heating in an
?lectrlc furnace. The conclusion of almost all writers on the sub-
ject has been that there was relatively little improvement in the
carbon-filament lamp after the early eighties. The attention of

: producers was devoted to details of product and process, partic-

ularly the latter, and the design of the commercial lamp remained

B relatively stable.

Besides the progress in lamp design and production methods
8 0p. cit., p. 28. B
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there were, of course, important ad_vancesdn:i 'tgﬁ'l:bfll;ifziamwé&tcfﬁ
roblems of electric power generation an flsboth o and in
broadened the market and lowered the cost}s1 0 D mentioned
candescent lighting. Some of the advan(cies 1avem ent of practical
in the preceding chapter—_notabl}f the develop o additon. im-
cransformers and alternating current SyStems. . culrr,linat—
rovements were made in dynamos and s(tieam eng;nd " h-speed
ing in 1885 in the direct coupling of the }(finamgines o ggenerate
steam engine. The use of water power and tur O e
electricity next received attention, and largef,hsg in ra, id succes-
efficient generat'u;lg systlems foliog)cr:dtﬁge rrall:;s'il U }(),f current
: echanical meter
Ssggéu]rgﬁefngcr)nrr;nd many other improved ltY.PSeS of supplementary
equipment were also built during the eighties.

2. Increased Competition from Gas and Arc Lighting After 1893

ighti ineties 1 descent lighting
ing the eighties and earl'y nineties 1ncan ! :
2)1;;1;? ahead ogf gas lumination and arc 11ght1ng,tsbci>rtlhq1l;1aﬁ?}1rs
i dual improvemen ,
country and abroad, desp1te: gra ' PRt e
1abili nd cheapness by its compettors. ghting, -
iiechli?rhtbye’r?eﬁted frgm cheaper and more rel&ak}le current fgee;nzrjd
’ 1 simp
1 better clectrode materials, and from ' :
tlon&' f¥0$C 1§mps. Although the use of both competing hght
Stiilrc}l: continued to expand, American 1nc:‘amdescer{:c1 lighting
o i i f their position. They were
ufacturers felt increasingly sure of the .
ﬁiﬁh disturbed around 1893 by the rapid SPICQ% mlliie E?rf ix;
Welsbach gas mantle, invented by the %U"Stn{?ég :il)ru t t;lchnica]
been invented 1n ,
Welsbach. The mantle had 83, but techmen
in its development and consumer resistance
problems P become widely accepted until the early
so great hat ) d'ld "By that the cost of mantles had been
and middle nineties. By that time, mantles had been
ir efficiency and life had been incr , |
ﬁgﬁ;ﬁ dg’azhglrl;:ssures neZded for best results were more readily
av%g?lz?.long been known that the oxides of clel:rltai_n eﬂeme?‘ts suacr};
i 1 1 brightly when they
: thorium, and cerium glow brig
ii»ac‘tzlclsllltr}rllé higher the temperature, the greater the am%tht (:li
‘T"':‘ﬁr n’mduced. The “limelight,” invented in 1826 by oI,
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Drummond, made use of this principle; a hot gas flame played on
a button of calcium oxide, and the resulting light was projected
in a2 beam. Welsbach adapted the same principle to gas illumina-
tion by constructing a cotton mantle impregnated with a mixture
of 99 per cent thorium oxide and 1 per cent cerium oxide.'” B
using a different mixture of gas from the high-hydrocarbon type
customarily employed to produce a bright flame, and by adding
more 2air to the mixture, 2 much hotter flame was obtained. The
successful introduction of the gas mantle reduced the cost of gas
lighting by about two-thirds and materially increased its cost ad-
vantage over electric lighting. For a number of years the potential
superiority of the incandescent electric lamp remained in doubt,
and even its survival was sometimes questioned.
Improvements in arc lighting as well as in gas lighting made the
position of the incandescent electric lamp more precarious. Use
of the arc lamp had been expanding rapidly alongside incandescent
[ lighting throughout the eighties and early nineties, with its great-
est application in street and other outdoor lighting. Despite the
large number of producers, arc-lamp output in 1893 was concen-
trated in the United States within the plants of General Electric
and its subsidiaries, Westinghouse and its subsidiaries, and the
Western Flectric Company’. The reliability and efficiency of arc
lighting had increased gradually during the years with the de-
velopment of better carbons and more precise regulators, and in
1893 a fundamental Improvement in arc-lamp design was intro-
duced by an independent inventor.
As early as 1846 Staite had discove

~ and restricting the entrance of air by means of a glass globe re-
- sulted in a less rapid consumption of the carbons. Other inventors
later experimented with the same idea. At first the enclosed arc
was not practicable because of the rapid blackening of the globe

17 Other inventors had attempted before Welsbach to improve gas lighting
_in the same way. In 1839 Alexander Cruikshanks had made a platinum-basket
_+mantle covered with lime. In 1853 J. J. W. Watson had patented a lamp in which

water was decomposed by a voltaic battery. The hydrogen and oxygen were
- kthen ignited in contact with an incombustible substance such as spongy platinum

or a mixture of lime, graphite, and pipe clay. The light from the radiator could
be increased by surrounding it with a coil of fine platinum wire. Colored light
could be produced by steeping spongy platinum in strontium nitrate or similar

substances. In 1867 Tessie du Motay tried to increase the light output by using
Zirconia instead of lirne. :

red that enclosing the arc
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from impurities in the carbons. It was not until much purer car-
bons for open arcs were made toward the end of the eighties and
until 2 new type of regulator was developed that could strike
and maintain a long arc that the idea became commercially fea-
sible. The progress in carbon purity had its origin in Germany,
although engineers in other countries soon showed increasing in-
terest in electrode development.

Tn 1886 William Jandus of Cleveland applied for his first patent
on an arc lamp with an enclosed chamber. This patent, issued in
1891, and several later patents formed the basis for the commer-
cialization of the enclosed arc starting around 1893. Louis B.
Marks of New York also contributed significantly to the devel-
opment of a satisfactory enclosed arc lamp and took out a number
of patents starting in 1894. The Jandus Flectric Company and the
Electric Arc Light Company were established to exploit the pat-
ents of the two inventors in the United States, and other com-

anies were formed abroad.

Both inventors found that when the arc was surrounded by a
globe having a restricted air inlet a longer arc could be maintained
with a small current. The carbons lasted around 150 hours, as
compared with perhaps 10 hours for the open arc. Less attention
was required for trimming; the lamp gave a steadier light; the fire
hazard was lessened; and still other advantages were obtained.
The efficiency of the enclosed arc was somewhat less than that
of the open arc, however, ranging from eight to about twelve
lumens per watt with the size of the lamp, the kinds of globes
used, and the type of electrical circuit employed.'®

With this improvement, the arc lamp was better suited for in-

door application, as well as for the street and other outdoor light-
ing to which its characteristics were originally most appropriate.
Its continued higher efficiency and improved performance made
it a more serious competitor of incandescent-electric lighting
than before. After 1894 an increasing proportion of new arc light-
ing in America used the enclosed arc, and the old open arc with its
coarse carbon electrodes gradually declined in use. The initial

18 As with the open arc, direct current Jamps were more satisfactory than those
which operated on alternating current. On direct current the single electrode
crater, from which most of the light was obtained, radiated almost all the light
downward, whereas onc of the two craters in an alternating-current arc wasted
much of the light upward. The d.-c. arc was also more reliable and less noisy.
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conservatism of the central-station men and the active resistance
of the arc-lamp trimmers, who feared they would lose their jobs
because of the less frequent trimming of enclosed arcs, faded a]ftGL
2 few years before the unquestionable superiority of the new de-
sign. In Europe, where labor costs were lower and electrical rates
were higher, the incentives for replacing open arcs by enclosed
- ones were lowe_r, and the resistance to change was greater. Nev-
0 ertheless, even in Europe the enclosed arc forged ahead.a few

ears after its American triumph. The envirgnmental factors
which led to greater use of enclosed arc lamps in the United
States than in Furope seem also to have been instrumental in the
original development by American inventors.

Anothe'r development which made arc lighting a stronger com-
petitor with both indoor and outdoor incandescent lighting was
the production after 1890 of “midget” arc lamps. Small algcs of
250 c.andlepower were frequently more desirable than a single
larg§ incandescent bulb or a group of small ones, because of tghe
efficiency advantages of the arc. 7

3. }Z;’:‘gcfnalogiml Developments in Incandescent Lighting, 1894—

The eXplr.ation of the basic Edison lamp patents in England and
in th_e United States, and the improvements in gas lighting and arc
lighting, resulted in a changed attitude toward technological prog-
¢ ress in the incandescent-lamp industry after 1894. Without the
legal protection of fundamental patents the General Electric Com-
pany and the. Ediswan company faced the prospect of more in-
tense competition and made greater efforts to improve their lamps
Competltors_ tried to better their competitive positions, and more°
persons outside the industry undertook experimentati(’)n m lam
development. A British writer, thinking primarily of his own
country, stated the case in a way that applies in large part to con-
ditions in the United States:

. . the attention of electric licht engineers as well as 5
who use the light, is once more di%ectedgto the consideraatiozrlluotfhfﬁee
lamp itself, to the possibility of obtaining better lamps, and to the
_probable reduction in price which will naturally follow. Owing to
ithe long prevailing monopoly in the sale and manufacture, there has
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been little inducement for those interested to expenmeirglt and to study
the problems connected with the incandescent lamp.

i i 1 f metallic filaments

t until the successful mtrodu_cnon o
eailty\zistr}llz tlxlentieth century that the mcarlx_di:lsc_ent E;I}I:p g)(;lnslhzd
d of gas lighting and arc lig ting. e pe-
Permanently ahﬁ?a o erful stimulus to techno-
tition of other light sources was a pow ilus o teehno
i in incandescent 11ghtmg between 1894 and ,
1'(11%?;31 Eﬁg gdr:\Srsellgpment and introduction of electric lighting of
both types had increased the speed of technological progress in

gas lighting during the eighties.
IMPROVEMENTS IN MANUFACTURING METHODS AND DESIGN

Despite the renewed vigor with which the _problglms (_)f 1r;c;‘17n,
descent lighting were attacked after 1894, the immediate ngigt §O§S
ments were still concentrated 1arge&y 1m malr;ufactu;r;%e pethod
i 1 in the lamp. For exa ,
rather than in any basic change 1 L g, in 189
1 keye Incandescent Lamp pany
Spiller and Massey of the Buc _ Lamp Company
ch 1mproved sealing-in ]
of Cleveland brought out a mu aling-in machin
ici t General Electric’s Edis P
John W. Howell, electrician a Flectric’s Bdisor -amp
\ 1 d developed it still further. 1hi
Works, adopted the idea an pe : s was
i ed in the manufacture o
the first modern-type machme.us ] : ¢ of incan-
ith the simpler machines in use _
descent lamps. Even with t wpler . ore that
i i fliciencies had been increasing,
time, however, production cff ( 1 increasing, and
i lining. Nimbleness of fingers rep
necessary skills had been dec . Nin laced
5pecial gnowledge, and lower—paid bg1rlls8gr61d I\\/;fé)cmhzrrii ;Z;f; E;er:l -
i rk by .
forming almost all assembly wo 1 tion an
n were greatly encouraged by
the replacement of men by wome 1
the CoEr)npetition which forced prices down af'ger '18;))3, since Costs
had to be reduced for a manufacturer to _remzur(xl int us1rt1e§;nique
i dvances in production te
One of the most important advanc chnique
i i tion in 1894 of a new an
during those years was the invent @ new and muct
i ducing a vacuum In the lamp .
more efficient method of pro . 1 mp bulb
i Italian engineer name
The inventor of the process was an ltalian en x namerd Aruro
1 i lectric-lighting plant m
alignani, who had set up an e : : !
It\gwr% of U’dine and was producmg his own mcandesce?t lazrlnpks1 OLS%:
hich vacuum was produced when a small amount O] reﬁl—ﬁn o
ﬁorus vapor was placed in the exhaust tube while the tament
b 19 Gilbert S. Ram, The Incandescent Lamp and Its Manufacture, Electry
Printing & Publishing Co., London, 1894, p. 1X.
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was heated above normal operating temperature. When news of
the discovery reached the General Flectric Company it dispatched
a representative immediately to buy the American rights to the
process. The phosphorus-exhaust ‘method was introduced to
America in 1896. The process was similarly adopted by many
lamp producers throughout Europe. General Electric lamp engi-
neers improved the technique and were able to reduce exhaust
time to less than a minute.

The Malignani exhaust process represented a considerable step
forward in the technique of lamp assembly, yet somewhat the
same principle had been employed as early as 1882 in the Fitzger-
ald lamp. In that lamp a third terminal was connected to one of
the two regular terminals by a short piece of iron wire wrapped
with magnesium ribbon. When the filament was heated during
the exhaust process, the wire became hot and the magnesium com-
bined with the residual oxygen.®® This was probably one of the
first commercial lamps to use what is now called a “getter”—that
is, an agent used inside the bulb to assist in obtaining a vacuum,
to reduce bulb discoloration, or to improve the quality of the
lamp in some other way. Getters are used in almost all modern
mcandescent lamps.

A further inkling of the future use of getters had been given in
1886 with the introduction of hydrogen gas at low pressure into
filament lamps by the Siemens brothers in Germany. Afrer the
insertion of the gas, the glass bulb and filament were heated above
normal operating temperatures. Bulb discoloration was said to be
prevented while longer lamp life was obtained. Alchough the at-
tempt to use hydrogen was no more successful th-n earlier experi-
ments with nitrogen and other gases, the journal Electrical
Engineer in reporting the news made the prophetic statement:

It is thought that many evils which are found in the vacuus glow
lamp now in use will disappear when the carbon filament is in an at-
mosphere of a gas exerting considerable pressure, but not acting

; chemicaﬂy upon it.2t

By 1893 interest in gas-filled lamps had risen to a new high level.

Early gas-filled lamps had failed because the gases conducted heat

20 Electric Light, Vol. 1, p- 87 (Oct. 2, 1882).
21 Op. cit,, Vol. V, p. 175 (June, 1886).
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away from the filament to a greater extent than 'they reduced fila-
ment evaporatiorn. The legal triumph of the Edison vacuum-lam

patent encouraged some lamp producers to turn back from the
vacuum lamp to the gas-filled lamp. The Star Electric Lamp Com-
pany and the Waring Electric Company each brought out such
lamps by 1894. The former evidently employe‘(‘i a hea\’f,y hydro-
carbon gas in its “New Sunbeam” lamp.' The “Novak” lamp of
the Waring Electric Company used a filling of lo_W—preSSL_lre bro-
mine vapor to prevent too great a loss of heat while re;duc;mg ﬁ}a—
ment evaporation. The bromine was used up by combination with
carbon molecules thrown off by the filament, and eventually a
high vacaum was produced. The princ.ipal advgntage of the b.ro-
mine lamp was that it reduced bulb dl_scoloratlon. The Waring
Electric Company was not able to continue p-r(.)duct}on for long,
for the General Electric Company brought 1r‘1‘]unct1013 procef;d-
ings against it, and the court ruled that. the. Nov'ak' .1a.mp in-
fringed the Edison vacuum-lamp patent in spite of its initial bro-
mine filling. ' ' '

Experimentation with gas-filled lamps ’and discussions of tl_1e1r
properties continued after the “Novgk’ lamp had been with-
drawn from the market. Professor William A. Anthony of Coopqr
Union made an intensive study of the problem and reportG.:d his
conclusions before the American Institute of Electrical iEngmeers
in 1894.2% There was general agreement with Anthony s conclu-
sion that bulb blackening and filament destructlor} were gaused.by
vaporizing of the filament at temperatures below its melting point,
and that the insertion of inert gases of great molem.ll.ar weight
would slow down bulb blackening, in part by redepositing vapor-
ized molecules of carbon on the filament.

Both the advantages and the disadvantages of Fhe gas-filled
lamp were, therefore, well known bef_ore 1896. Widespread use
of gas fillings had to wait for two things, however. In the first
place, the volaulity of carbon is so great that no gas has ever been
found that can be used economically to produce a gas-filled car-
bon lamp more satisfactory than a vacuum Jlamp. Even at the pres-
ent time, the few carbon lamps made are vacuum lamps. In the

illi « in the Chamber
22 See William A. Anthony, “On the Effect of Heavy Gases n t
of an Incandescent Lamp,” Electricity, Vol. VI, pp. 139-141, 153, 189-191 (Mar.
28, Apr. 4, and Apr. 25, 1894).

s
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second place, the inert atmospheric gas argon, which is best suited
for low-cost use in gas-filled lamps, was unknown in the eighties
and did not become commercially available until the end of the
First World War. The improvement of incandescent lamps by
means of gas fillings had to wait for the development of metallic
filaments and also to some extent for the availability of the inert
gases. Nitrogen can be used advantageously with metallic fila-
ments, but it is not so satisfactory as argon or the rarer and much
more expensive krypton and xenon. :

Although work on new filament materials continued during the
years 1893 to 1896, particularly in Germany, no successful re-
placement for carbon had been developed by the latter year.
Among the new proposals was the complicated German sugges-
tion to use strips of asbestos paste covered with layers of spongy
platinum, magnesium oxide, and cerium nitrate. Another inventor,
the American J. W. Aylsworth, tried 2 new method of coating
carbon cores with refractory metals like tantalum, molybdenum,
titaruum, and zirconium.

A final development affecting the incandescent lamp which
should be mentioned here was the invention in 1894 by Michael
J. Owens of the Libbey Glass Company of a semiautomatic paste-
mold blowing machine for making lamp bulbs. Most bulbs for
lamps had been hand-blown into molds by the Corning Glass
Works up to 1890.22 With the interruption of Corning’s produc-
tion in that year by labor difficulties, Libbey expanded into this
new field of glassmaking on a large scale. The improved process
was introduced in 1895; and, along with other minor improve-
ments in glass production technique, it resulted in reduced costs
for finished lamps as well as for the bulbs themselves. Experiments

with semiautomatic bulb-blowing were also made in Gennany at
about the same time.

STATE OF INCANDESCENT LIGHTING PRACTICE IN 1896

The improvements in manufacturing methods from 1894 to 1896,

when added to the advances of the preceding fourteen years, pro-

duced a lamp considerably cheaper and better than that of 1880,
28 Corning made the bulbs for Edison’s first lighting experiments and con-

tinued to supply the Edison Lamp Company, its successors and many other manu-
facturers with glass bulbs, tubing and rod for lamp assembly.
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even though it was essentially the same in de§1gn. Irll then}igrllston
plant costs had dropped from seventy cents 1n 18?) ! t;) v gr-
two cents a lamp by 1884, and they fell con51d_era gfs arther by
1896. The cost of production for German lamps in 18f wasbgwen
as about eleven cents.?® The dechr}e of lamp prices from SQ?E a
dollar each in 1880 to twelve to elghte.en cents.eacflfli in 1 ¢ as
been discussed previously, as well as the increase n e c1e.nfiy [\Zom
1.68 to about 3.5 lumens per watt durmg the same pg{;g}l. host
of the efficiency advances occurred prior to 1885. h 1tI t1 5)952
advances there was a net improvement in useful lampbl e.ﬁil
a dollar could buy approximately SiX standard carbon- lament
lamps which would give more than twelve times as many ur;t?;l-
hours of light as a single lamp of the same candlepower costng
in 1880.
: d"lc")gire;(r}l)ected life of the Edison lamp was about 500 h;)lf'l‘fs when
incandescent lighting first went on the market. AC}‘EU;I hl e stocl)lri
roved to range from 2,000 to 3_,(_)00 ho_urs, althougl ig tl '?u Pl"
fell below 80 per cent of 1ts 1n1.t1al rating very car y81I1 i ei) c;
improve lamp efficiency, lamp life was reduced in 18.1 lto 2 tou
1.000 hours, a duration which was made standard. u_n.‘tll t ;T;: intro-
d’uction of the gas mantle. Lifg to 80 per cent of 1m}§13 efl c1le§19cgr
rose gradually from 200 hours in 1881 to about 400 ours_nll i h.
Prior to the introduction of the gas mantle, some SFeC()lg . igh-
efficiency lamps had been made with average lives of 8 ) ours,
and the competition of improved gas l}ghtlng led to a Zl ;:lr %’Sie
of the more efficient though shortgr~hved lamp. Ne:iv 11% -effi-
ciency gas mantles later made their appearance, an it} moie
efficient incandescent lamps of 600 hours average life were
ut‘26 B . -
br%lg‘t}ilf Zhe revived compet(iito}rll frorrlllfgashhgbhtllglégu;‘:(siuilr‘:eli Hﬁg
rer efficiency and shorter lite, the bu ed
}i?lgigf}irg 21usually beerif made of clear glass. The brilliance of

24 Hammond, op. cit., p. 43.

25 Electrical Engineer, Vol. XV, p. 337 (Sept. 20, 1895). articular applics

26 Both high- and low-efficiency lamps had advant_ages n % rticular appice:
ions. The high-efficiency lamps were rnu_ch more sensitive to v g ietuarions
oo ost desirable where regulation of pressure was good an ‘
S mh' h. The low-efficiency lamps were advantageous where current
SggS;Slth\i’S;eW;;g p.oor and current costs were low. In selecting lamps it was neces-

sary to balance the factors of price, initial efficiency, maintenance of light output,
and life with the cost of electric current.
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the filament had been noted from the beginning, but the bright-
ness of the more efficient lamps stimulated 2 more widespread use
of special types of bulbs.*” In some the bulb was frosted by dip-
ping it into a hydrofluoric acid solution to diffuse the light. In
others opal glass was used. Clear glass was also employed in con-
junction with shields, reflectors or diffusing shades; or part of the
bulb was silvered, etched or painted. Another technique was to
cover the bulb with 2 thin film of collodion or varnish. Most of
these methods were employed for improving the efficiency of the
lamp in use as well as for decreasing lamp brightness. Even though
they absorbed some of the output, they usually produced more
efficient direction of the light. Despite the growth of these meth-
ods for light diffusion, however, the clear glass bulb continued in
use for the great bulk of incandescent lighting.

Many varieties of lamps for special purposes were also devel-
oped during those early years; and, although they received only
limited acceptance at the time, they anticipated many types which
have attained a wide sale only recently. William J. Hammer cites
a number of lamps made as early as 1880 in which two or more
filaments were operated in series or parallel or separately by turn-
ing a switch.?® The same idea was employed in the featured lamps
of the Duplex Electric Light, Power & Storage Company of Lon-
don in 1882.2° These lamps were forerunners of the “three-light”
lamps of today.

The tipless lamps of the twentieth century also did not consti-
tute 2 new idea. Several carly workers, including Lane-Fox, had
made tipless lamps by exhausting and sealing off the lamp at its
side or botrom. Tipless lamps were desirable because they elimi-
nated the bothersome and wasteful shadow created by the tip and
also because they were less subject to breakage. The methods pro-
posed for making tipless lamps prior to 1896 were not commer-
cially feasible, however, unless the lamps were of the stoppered
type.

Miniature lamps were used for medical and dental purposes be-
fore 1890. Other applications followed quickly, particularly

27 The need for diffusion of light was, of course, always much greater for arc
lighting.

2 William J. Hammer, The Willianz J. Hammmer Historical Collection of
Incandescent Lamps (Transactions of the New York Electrical Society, 1913),
p- 23. 29 Electric Light, Vol. I, p. 119 (Dec. 1, 1882).
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after the development of the dry cnll and the invinsté)%nczlfl dtl};i-,
automobile. Incandescent lamps in sizes of 290 tod , 09 candi
power, as large as many arc lamps, were aésodintrg usse s ar e}i
: 1 wider S
8. By 1896 the large sizes began to fin _
?is ;lfiSHg sZmetimes replacing arcs. More and more fpgf;il ;tl};les
Wgere in’troduced for decorative putr)pi)ges, too, including y
ith flame-shaped and other fancy bulbs.
ert}«lheagultipli)cation of sizes and styles of 1ncandescefnf lﬁrnps
s accompanied by a trend toward standardization of ligl ting1
‘:’?Li ment.pSome progress had been made by 189611?1 tine1 Vll;tll}’;&e
eiimi)nation of 50- and 60-volt circuits and lamps, alt Oug7 17 8 c
same time there was a great increase in the use of. 200- to ,% 2 r—r:n; 5
iam s on direct-current circuits.*® The general 1ncreasef r<t) m 5
o 1pi0 vblts resulted largely from thed 1}111creased mljenltlhzckrmgeg
ili ho learned how to ma
ability of lamp producers, w e voltage
inner carbon filaments necessary IOr g
?ailri tshi?nﬂ:iments for 200- to 220-volt lamps were even h,:irc%lert atrlilci
. morf; 'expensive to make, and it was not unti{lﬂthge1 1890’s tha
: f such lamps began to increase appreciably.™ .
us?f%e continugtion of the variety of voltages Wlthlnta %:E]ri
range resulted from the inability off t1zimp manﬁficsllz;?es hg ds t()een
ize their output Completely. If but a sing 3
fqucelilz in a givenprange, a large part of the output Olf eachwlirlﬁg
piant would have been unsalable,. for many of the lamps
have been above or below the desired voltage.

4. Summary of Electric Lighting from 1880 to 1896

g - n g ng, a

i i i e amount
20 The principal advantage of the higher voltage was in rf(h‘dt‘,l()c;}?gz%_voh oot
‘ ot ed%d for conducting mains. The efficiency o oth 20
% COPPST nl‘i: Jamps was less than that of lamps operating on o S direct
soélt%se_}ifiogh—voltpzige lamps were bes1t received ‘i[?; Ii}rll(gl%?si,tzéhgr(z 2 _alternating
¢ stations. ates, ¢
current begamen Siggilri?r(si sf&rxfe?ré;r; p;oblem of low-cost transmission, lei)dxrlétlttise
Curfie?x;a:nfoutfiz fsor increasing lamp voltages above the range of 100 to
nee
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ing, and other electrical-goods production led directly to a series
of consolidations which in 1892 culminated in the organization of
the General Electric Company. Except for the Westinghouse
Flectric & Manufacturing Company, with which General Elec-
tric signed a mutual patent-licensing agreement in 1896, this con-
solidation brought almost all important lamp manufacturers into
one organization. Besides Westinghouse, only a number of small
lamp companies were left as competitors, and in 1896 a price and
market—sharing agreement was signed by General Electric and
several of these concerns. The Fdison patent No. 223,898 was
eventually upheld by the courts. The combination of patent vic-
tory, consolidations, and patent and marketing agreements re-
sulted in the acceptance of General Electric as the unquestioned
leader of the American incandescent—lamp industry. It also be-
came the leader in most other non-communication fields of the
electrical-goods industry.

In England the combined Edison and Swan interests similarly
dominated the production of incandescent lamps until expiration
of the basic Edison patent. The British industry was somewhat

held back until 1888, however, by the restrictive terms of the

Electric Lighting Act of 1882. In continental Europe lamp mak-
ing started within a few years of the founding of the American
and British industries. Although patents were of less competitive
significance on the continent, within a relatively short time one
or a small group of lamp—producing companies became dominant
in most of the industrialized countries through consolidation,
cartelization, or competition,
During its formative years the incandescent—lamp industry was
- preoccupied with problems of production and marketing more
~ than with product improvement. During the first few years, rapid
* changes were made by all manufacturers in details of product de-
sign and manufacturing methods. Once design standards had be-
come established, each manufacturer concentrated on producing
= the lamp rather than on improving it. There were continued in-
centives, however, for bettering production methods and reduc-
ing costs. :
When the Edison patent was upheld and injunction proceed-
_ings were brought against infringing producers, a number of
competitors attempted to develop non-infringing lamps, some
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with filaments made of materials other than carbon. None of the
attempts resulted m an improved lamp of commercial practica-
bility, however. In England, filament improvement was almost
entirely halted during the period of Edison patent monopoly
from 1886 to 1893. In continental Europe and particularly in Ger-
many, where early patent control was less absolute and where
fundamental advances in chemistry were more rapid, there was
an earlier interest in improving the lamp itself as well as manu-
facturing methods.

In the United States and Great Britain, improvements in manu-
facturing techniques were encouraged by price reductions. after
1893, when the controlling patents had expired or were about to
expire. The end of the patent monopoly and increased competi-
tion from the Welsbach gas mantle and the enclosed arc lamp
after 1893 or 1894 also stimulated interest in the basic technology
of the incandescent lamp. Nevertheless, even though the carbon
lamp was better and cheaper in 1896 than in 1880, 1t was still ex-
tremely inefficient in converting electric energy into light. No
outstanding advancements over the carbon filament had been
made anywhere by 1896.

Although the carbon lamp was the best that the engineers were
able to make up to 1896, they had learned a great deal about it
and about problems of incandescence. The theory of lighting by
incandescence was far advanced, the characteristics of carbon
lamps were becoming well known, and most desired types and
styles of incandescent lamps could easily be made.

Contributions to technological advancement in the incandes-
cent-lamp industry emanated from many sources during the early
commercial period. Many of the most significant innovations were
made by Europeans, both as individuals and as engineers for the
lamp producers. Private inventors in the United States also did
much of the invention. Manufacturers in this country were to
varying extents alert to the need for continued technological ad-
vance. The early technical leadership of the Edison Electric Light
Company diminished as Edison himself moved on to other fields
of experimentation and the company devoted itself increasingly
to promotion, production, and litigation. The lengthy and ex-
pensive patent struggle in the lamp industry from 1885 to 1894

was a serious damper on progress in lamp design, although process
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improvement continiied. The Edison interests concentrated on
eliminating competition rather than outstripping it. Although the
patent .monopoly stimulated some competitors to develo t)non-
nfringing lamps, their efforts did not lead to significant i)esult
Afrer 1894, when it was no longer protected by a basic lam -
ent, Genergl Eie(_:tric devoted more attention to lamp im pr(i)\?et_
ment to maintain its market superiority. One substantiai)adviinta é
en]qyed by General Electric was that its large resources and ?
;?b}llfhed Europ.ean' relations assisted it in buying the Americeasri
Cegn tja:?lpmﬁ?;td ?1gn1ﬁcant foreign developments in the incandes-
Th_e unmiversities made no important direct contributions to tech-
nqlogical advancement in incandescent lighting during the period
with the one exception of the Fitzgerald lamp. Lamp c%evelo}i)m:nt’
Xilfse ;:é;;ed }cl)n ti)nly by Cominercmi Qrganizations and by private
who had commercial ambitions; very few of these men
were gollege—trained. Indirectly, the universities made a oreat ¢
tribution to later advancements in lighting technolo S t}ir Onii
their fundamental discoveries in chemistry and physicgy o
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Chapter VI: GROWTH AND FURTHER
CONCENTRATION IN THE INCAN-
DESCENT LAMP INDUSTRY:
1897-1912

TuE years from 1897 to 1912 were the period of greatest
.change in the history of the electric-lighting industry. Both com-
mercial and technological developments in incandescent lighting
were raised to a high pitch not rivaled before or since. The un-
usual rate of activity was characteristic of the industry in all na-
tions, not merely in the United States. During those years lamp
production grew into a mass-production industry, turning out
an ever increasing variety and number of electric lamps of ever
increasing value. New filament materials, including tungsten,
were introduced to the market, broadening the applications of
incandescent lighting. Although electric arc lighting was also
-greatly improved during the same period, the incandescent lamp
finally outstripped both arc lighting and gas lighting. Yet at the
same time new electric-light sources were coming into existence
that foreshadowed further competition for the glowing filaments.

The early twentieth century was a time of rapld progress in all
the electrical industries. The tremendous expansion of electric
traction and other types of electric power utilization drew some
attention away from electric lighting, and the marny other great
new inventions captured the popular imagination still further.
' The X-ray, the radio, the automobile, the growth of the chemical
; - industries—these and many more striking innovations occurred
‘ - within a short time. Electric lighting came to be taken for granted,
and only the most important new developments aroused general
interest in it again from time to time.

Through all the rapid technologlcal progress the General Elec-
tric Company maintained its supremacy in the American electric-
lamp industry and, indeed, in the greater part of the American
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electrical-goods industry. General Eleqtric’s hold on th69 ;ng;l}r;-
descent-lamp market was even stronger in 1912 Fhan in 1897. 1 e
concentration of lamp production in most foreign countries also
continued during that interval.

1. Commercial Developments in the American Electric-Lamp In-
dustry, 1897-1912

THE INCANDESCENT LAMP MANUFACTURERS ASSOCIATION

In 1897 the General Electric Company was unquestl(glnably tYflle
leader of the American ele(;:tric—'lamp indusery. It .h;ll hre({;nets Z
entered into a general cross—hceqsmg arrangem?ntlwrc ;ccc(:) West-
inghouse Flectrick ManufaFturlng Company,}:'g\sN argﬂc;ls housg oti-
tor; and it had a special pricing agreement wit estis gd e for
incandescent lamps. General Flectric hz_ld _also orgarélze the fr
candescent Lamp Manufacturers Assocmtlon, therc; }171 ol dustrg
the cooperation of a large proportion of the rest of the i o r};
in marketing incandescent lamps. Six formerly bitter co.rgpet
joined General Flectric in the initial organization to aV01d in er;se
price competition. The members of the association agrﬂge agr;‘(;idge
themselves to fix lamp prices, both wholesale and retail, to :
business and customers, and to set terms of sale. The ag{eem;lr{le
was for a three-year term with provisions 'for extension. 1 o m e
the combination effective, fines were levied for the violation
, ions.

ﬁ%lel:;feen 1896 and january f}, .1901, ten more lampdproiu(;:i
were induced to join the association; three o_f theg aln &X bl
lier members went out of business in that time. Only WWest! eg
house and five small producers of mcarﬂldescent largps f;:malrne e_
outside the association in 1901;and Westinghouse had made z{gtain
ments with General Electric and other membc.:rs todmaég an
agreed prices.” During those years General Elc(:ictr}c p}rlf) Egum p
proximately half the incandescent lamps made 1(? thlsreSt ngé
while Westinghouse made abou.t 12 per cetpt and t clzl ity
supplied by the smaller companies. Or_lly a few were

companies not affiliated with the pool in any way.

1 All Westinghouse lamp productiqn bad by that time been concentrated in
its subsidiary, the Sawyer-Man Electric Compapy.
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The existence and operation of the association were clearly
to the advantage of General Electric, Basic patents on the carbon
lamp no longer gave the big company firm control over the in-
cande_scent—lamp industry, although it owned or had rights under
numerous improvement patents, which were of value as competi-
tive weapons. Outstanding among these were two patents on the
Malignani chemical-exhaust process, already described. Westing-
house also held a number of incandescent—lamp patents, the most
important of which was the Weston patent covering the “tama-
dine” structureless cellulose filament of 1882, General Flectric
and Westinghouse were able to produce better lamps than the
other members of the association or the small firms outside the
association. In addition, the members of the association were
bound by price agreements and were unable to compete with the
industry leaders by price-cutting even if they wanted to. Since the
greatest inducement to join the pool initially had been avoidance
of disastrous price competition, it is evident that few small com-
panies wished to return to open competition.

THE NATIONAL ELECTRIC LAMP COMPANY

A proposed solution for the problems confronting the small firms
was evolved in 1901. None of them by itself was powerful enough
to compete successfully with the aggressive General Electric or-
gamzation, and none by itself could make the technological ad-
vances necessary to keep up with General Electric. As a group,
however, the small companies roughly equaled General Electric
in volume of lamp production. Led by Franklin S. Terry, who had
organized the Sunbeam Incandescent Lamp Company of Chicago
in 1889 and still headed it, and B. G. Tremaine, several of the in-
dependents proposed consolidation. While General FElectric
would undoubtedly have resisted federation of the small com-
panies to Increase competition in the lamp industry, it saw in the
move an opportunity to increase its own control and reduce still
further the degree of competition. Arrangements were worked
out with Terry, Tremaine, and the other promoters whereby
General Electric obtained contro] over the combination in re-
turn for providing it with some new working capital. Accord-
ingly, with the blessing and assistance of General Flectric, the
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National Electric Lamp Company 2 was 1ncor}()lorat;:d'l rir;nl\él:g tBO,
1901. It was set up as a holding company 3n W;ent o o
combine as many as possible of rhe small in epfenh Incand}::scent
ducers as well as the eleven surviving members of the
Manufacturers Association. '
La}fnlll)e initial capitalization (f)f N?:tloréill ch)tiiSt:de&f;zﬁ é’ 88,(())8(()) gg
of preferr ,000, .
E(())rr?érsl ngsi?;kc’oﬂ;%gos?ock,})a360,000 went to Generalclzl)lrel(r:;r)lg
in retnrn for $120,000 in cash. Most gf ’chel rerna;llnlsng(:kh()lders
stock and all the preferred stock were 1ssued to rc he rockholders
of the Sunbeam Incandescent Lamp Comp'an]%f, h ; Fostorla In-
candescent Lamp Company, and the Fostoria 1bu ¢ Bottle Com
any (an important producer of glass bulbs an b Eonds
?ncandescent lamps), as part payment for all thellr S?)t; e.Br nds
for $1,314,000 were issued in exchange for the stoc ;)he COlm}; -
Marsh Company, the Buckeye Electric Cornpanyi he G
Incandescent Lamp Company, and the Generah nc candescens
Lamp Company, as well as in part payment for t en S ek of e
two Fostoria companies and Sunbeam. The remam '0%1 T
bers of the earlier combination and seven other prevrdO][1 r newly
formed competitors came into the Nanonal ofrgar;lza ion berween
1902 and 1909 by exchanging the_lr stock for bon : ,Clevel;md
ash. The new organization made its headquarters a e d'wi:
Cnd :che constituent companies operated as sernlau.’cono:;n(f1 s divic
2ions. The organization was completed and went into full op
UO%}?: (zg}t)izl?jation of National was expanded graduf:;rfl:lc}i ’ic:S Zallze
care of its increasing financial commitments and 307r5e it sue
cessful growth. In 1910 General Electric owne P

i i ic Light

hould not be confused with the Nanorflfal }?)lerclzrslsc I %he

i i 1 ¢ the eflective .

i i d in 1885 to Increas e

i which was orgamzed . c e

ASS?ClatllfO?rnshed by central-station electric cnmpan}l}ets ;Ssociati g)n O

SerICel irlllterests Although the National _Electnc I_alg Associacion expmded

m‘,ltuaril an association of arc-lighting interests, 1ts _stc PFrank}in s
pm?ﬁaan}(,lescent lighting and all other uses of electricity.

to inc

i his early association also. o ldest was the
anOOtr}1g:rmzleerctorfictal Sassoc?ations had t?eeril lfroi)m;;l ?gsigzid’{?iv:: fe(fuowed by
ical Society, organized reb. 23, s O
bfaewAfnzT;cfieg;t§33teO(ffletEylectr%cal Engineers (1884) an(_l the Association
the

Edison Mluminating Companies (1885).

2 This company s
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the $5,000,000 common stoclk ? of National and retained its orig-
nal option to purchase the remaining 25 per cent, which was
owned by the officers of National. The bond issue was increased
to $4,000,000, while the preferred stock was retired.

Despite its controlling stock ownership in National, General
FElectric took no open part in the management. The company was
nominally run by its own officers, all of whom were former com-
petitors of General Llectric, and it was publicly represented to
be a competing association of lamp producers. General Electric
continued to operate its own lamp works at Harrison, New Jer-
sey. The price and market—sharing agreements which General
Electric had signed with the members of the 1896 assoclation were
continued. General Flectric and National acted in harmony on
the pricing and marketing of lamps, and continued the agree-
ments with Westinghouse and made new ones with five small
lamp-making firms which did not become part of National.

Besides the commercial agreements between General Electric
and other lamp producers, agreements were also made for the
interchange of patent licenses. Licenses were first given to Na-
tional and its larnp—rnaking subsidiaries, as well as to some com-
panies not yet part of the National organization, after General
Electric had initiated thirty lawsuits in 1904 for alleged infringe-
ment of the Malignani lamp-exhaust patent of 1895, Howell’s
1903 patent for improvement of the Malignani process, and an

Edison patent of 1891 covering the sealing of lead-in wires. Most
of the suits were discontinued when the companies agreed to take
licenses and pay royalties of about one-fourth cent for each lamp
produced. The patent licenses became the vehicle of the agree-
ment not to sell below established prices, and to divide the mar-
ket.* Later, when National had established a central engineering
department for all its subsidiary companies, the two-way license
System was established. Nevertheless, despite provisions for the
mutual interchange of patent licenses and technical nformation,

. 3The $4,500,000 of common-stock expansion was distributed to stockholders
11 a series of stock dividends, :

41t is difficult to comprehend why General Electric undertook infringement
prosecutions against companies in which it had controlling stock interests unless

it wished to give the appearance of dealing with competing companies with
which it had no affiliation.
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i i derantly
the flow of technical information continued to be prepon 3

from General Electric to NaFional and 1%; Su'bmilmgf:étric L
As a result of the formation of the° ation | e et
Company and the reorganization of the mdustqfr,d ol theem
g yd rs were brought together in a tedera o and be-
e PY% 'lzi(?eries of the industry leader. Ger}em‘l E e(;;cn 2
C?l?iidsgb(s)lutmtwo—ﬁfths of the industry forlan ;nma}) :ga;ni Zoaliio g;
1ti en the two ¢
o 351207900-(183163 éoerrlllepreatll%(l)?ctt;iegeeceived aboqt three—fogrthsl
of 1 reSthited? 33 ads of more than $600,000 pald by Nauon;:
e 4IVI (ei 1910. It also benefited enormously froan ];I e
betweﬁndlrolca?mlue of. the concern. General Electn;:‘ an90 2;
tonal. ¢ St(;] r W(ith Westinghouse, controlled more t ar}l1 gce
tone to%xet de mestic market for incandescent lamps. T e p ice
ol (')f e Oreements consummated with other dom.es'gcstpa o
o hcercl)s'ce z%t of National left only 3 per cent O]f Unite <
illilf}e)ri);lodupction outside General Electric control.
THE RELATIONSHIP BETWEEN GENERAL ELECTRIC
AND WESTINGHOUSE

) - b . - 1-_
Despite the rapid progress made by General Electric in consol
e

] in 1 ds, the industry
| 1 business in its own hands, sty
the American lamp Al he indust
(\iw?;ngot in perfect harmony. The gew d%SSIdtel?;s Hle;};t o ned
1 inued to fight 1t, Tor ,
the trust continue | ] e o
Outrslldeof the lamp malkers who sold out to National url:esgure ha}é
15113 Zo with great reluctance and only af.'cer1 strolflcge I())f diﬁicu]ty,
been brought to bear on them. Tbe principa souGeneral frlouly
however, was in unsettled relat10rfls' bel:'cweeri1 ey lectnic
b
1 t deal of jealousy
2 Westinghouse. A grea Y
’tlarelgween theg two Cconcerns; apd the ,1896 agr‘eemi‘r%/ e o 3;
rices was not maintained without nterruption.
p

P 1

a

i West-
ents in 1904 along with the smaller compan&es. if;elrtiigzoumry?
inohouse had itself licensed most 1gmp produce n the country,
}ngluding General Electric, under its own lamp pa
inc

. N ’ m
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of the American patent rights to the new lamps. Also, Westing-
house went through receivership during the panic of 1907 and
emerged on December 5, 1908, in a considerably weakened condi-
tion.” Cooperation in incandescent—lamp production and distri-
bution was virtually industry-wide during the last few years of
the decade.

Both the General Electric Company and the Westinghouse
Flectric & Manufacturing Company expanded rapidly in the en-
tire field of electrical-equipment preduction during most of the
years from 1897 to 1912. By 1900 each company had recovered
from the difficult middle nineties and was increasing its assets
and sales every year. In 1902 General Electric restored the 40
per cent common-stock impairment of 1898. For the year ending
January 30, 1900, it reported total sales of $22,379,000 with a
profit on sales of $3,806,000. Total net profits, which included
income from investments, royalties, and similar items, were §5.-
479,000, and total assets were $29,533,000. For the year ending
December 31, 1910, sales of $71,479,000 were reported, with a
profit on sales of $8,579,000. Total net profits were $10,856,000,
and total assets were $107,767,000. The Westinghouse company
reported similar growth, except for a somewhat more severe set- )
back during the panic of 1907. Its sales mounted from $11 ,963,000
n 1900 to $38,119,000 for the year ending March 31, 1911, and
its assets similarly increased from around $30,000,000 to $82,-
395,000. Net annual profits rose from about $2,000,000 to $4,-
881,000. Although separate profit figures are not publicly
available for the early lamp business of the two comparies, it is
well known that lamp sales provided General Electric, at least,
with one of its most substantial and most reliable sources of profit.

The production of incandescent lamps in the United States
increased far more rapidly between 1897 and 1912 than the out-
put of all other electrical goods combined. For example, the value
of output rose from $3,515,118 in 1899 to $15,714,809 in 1909,
an increase of 350 per cent in ten years.® The 1899 production
consisted almost entirely of about 25,000,000 carbon-filament

5 George Westinghouse lost control of the Westinghouse Electric & Manufac-
turing Company during the receivership and never fully regained it.

6 Bureau of the Census, U.S. Dept. of Commerce, Census of Manufactures,
1909, Washington, 1913, Separate statistics for incandescent-lamp production
were first collected by the Bureau of the Census for the year 1899,




150 The Electric-Lamp Industry

lamps. In 1909 more than 55,000,000 carbon-filament lamps were
made, as well as 11,700,000 tungsten—ﬁlament lamps and many
more of a wide variety of other types.’ The achievement of Gen-
eral Electric in building up its hold on the incandescent-lamp
industry is all the more remarkable in view of the tremendous
expansion of the lighting market during that perled.

The activities of the other departments of the industry leaders
were of great assistance to their lamp departments,8 since central
stations and other contractors tended to favor suppliers who could
furnish entire installations, from generators to lamps. General
Flectric and Westinghouse were virtually the oqu companies
in the United States that were in a position to do this. They were
able to maintain or strengthen their leadership in most branches
of the production of electrical equipment.

Both General Electric and Westinghouse continued to acquire
competing electrical-goods producers. In 1898 Westinghouse
bought most of the stock and bonds of the Walker El.ectrlc Com-
pany, a leading manufacturer of streetﬁrall\fvay equipment with
which Westinghouse had been waging a bitter patent struggle.
In 1902 Westinghouse acquired the Bryant Electric Company
and the Perkins Electric Switch Manufacturing Company. Gen-
eral Flectric acquired the Fort Wayne Electric Corporation at
a receiver’s sale in 1899, and in 1900 it purchased the patents and
goodwill of the Siemens & Halske Company of America and
Marks Flectric Arc Lamp Company. The properties of the
Siemens & Halske Company had been sold the preceding year
to an American syndicate for the production of electric vehicles.
In addition, General Flectric obtained a controlling interest in
the Sprague Electric Company in 1902 and in the Stanley E.lec~
tric Manufacturing Company in 1903. All these acquisitions
strengthened the broad competitive position of the two large

companies. One further step was made in 1910 when the Western
Electric Company announced its withdrawal from the manufac-
ture of heavjr electrical equipment to specialize in telephone and

7 Appendix D presents detailed census data for the production of incandescent

lamps in the United States for those two years as well as for 1904 and all subsc-

quent census years to 1939. )

81Tn 1907 the Sawyer-Man Electric Company, the wholly owned lamp-making
subsidiary of Westinghouse, was renamed the Westinghouse Lamp Company
and was given a large new plant at Bloomfield, N.J.
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small electrical a
lant.?

Although most of these corporate acquisitions were indirectly

of some importance to electric lighting, it is evident that after
1900 the lamp de'partments of General Electric and Westing-
house can be eonsniered with less direct reference to other argts
of the compames’ operations than formerly. Commercial devglo -
ments outside the lamp departments became less significant }t)o
incandescent lighting. Technological developments which af
fected the cost of electric current continue cly
important, however.
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OTHER RELATIONSHIPS IN
THE AMERICAN ELECTRIC-
INDUSTRY A

In the year 1910 American i :
divided as follows: 10 an_incandescent-lamp production was

General Electric Compan
National Electric Lam}})) C}(I)mpany ‘3% percent

Westinghouse El ic i
i Othgrs ectric & Manufacturmg Company 13

Total E

Lamps were sold at uniform prices by the three lar

and by those others with whoI;n agree}r’nents had beerglesig;(e%uiirs
Wholesal'e and retail prices were maintained by contracts ,\Vith
the distributors. The standard 16-candlepower carbon lamp was
generall_y sold for about seventeen cents, only one cent belogv the
1896 price.!! Although any firm was free to compete in the sellin
of carbon lamps, and although some of the independents char eg
- only eleven cents for their 16-candlepower lamps,"? the Genegml

fOELlfgtrz‘szl Eﬁzzgineer, Vol. XLV, p. 46 (Jan. 14, 1910)
<. Tariff Commission, Incandescent Elec’tric L;zm R
and1 gfr,h Governmenc P_rinting Office, Washington, 1939, pj.)s,33. cpore o 133
s Sllg t %uctuatlons in lamp prices have relatively little effect on total lamp
currént cEthe ne tic;ségc;f eleztrlc lhg}élng is made up largely of charges for electric
. » under the General Electric monopoly, prices wi -
¥}}::tgzrll;?;i ti}rxle1 compeltmve level, total industry sales Wge }rllolt) greatlyeralfi:fzzrt];fl
d amp sales i i i ighting
ducnnion oo incr}; i \{\;{Is] grérﬂn-]irile]r}:ct}.le result of population growth, lighting

121 ocal price discrimination b i
! : y the General Electric grou
prices charged by some independents and aided in hinder%ng gxe?;e;rg;itiower
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Electric group retained' an advantage even for 'thosgCl p_r(;iug}sz It\)dy
tying them in distribution to the new 'and more e1 E‘Clle - GE ki
tantalum, and tungsten lamps, for which Genera ectric de
basic patent rights. Dealers and central stations were required to
make their entire purchases of carbon lamps from companies in
the pool in order to obtain the needed lamps of tbe newer Sypeii
These other lamps were developed and Cqmmermally 1n'trck>1 uce
from 1903 to 1910 and were priced considerably above the car-
amps. ' _
bO]r%s]:tab]Eshed relations with the central-station companies gave
General Electric, and Westinghouse to a lesger extent, continuing
markets for electric lamps as well as gengrz}tlng, trqnsn;]lsilqn, an(fl
other types of apparatus. Gene'ral Elec';rlc s extensive g) ings o
utility stocks and bonds gave 1t a partlcularl'y strong ar'gzulmng1
position. For example, to handle_us bond mvestments 11181 oca
power companies, General El.ectrlc set up the Elegtrlcsal eCuri-
ties Corporation in 1904, and in 1905 Ele'ctrlc.Bon &1 1a{§ z&{as
organized as a holding company to deal in utility stoclcs. nder
the guidance of the Gery;ral Electric Company, }tlhe atfr_er rgsﬁ
to great power in the ut1th ﬁeld and expanded the preferentia
market for General Electric equipment. ,

The General Electric Company was qlso favore(_l by its rela-
tions with the firms supplying the lamp mdustry Wlt? %)artg and
equipment. The industry leader‘ was la-rge and powegl ul an b:v:as
an important customer of those suppliers. It was a f:dto s} ém
competitively favorable price terms fr(_)m the Pdrox}fll ence ( as1
Burner Company, a subs_1d1aryv of Natlor}al, and t fe p?nmpa
lamp-base manufacturer in the country, in return for licenses
under some of the General Electric patents. Adyantageoup terms
were stmilarly obtained by the Genpral Electric group 1nl con-
tracts with the two mmportant outs@e manufacturers of ampé
making machinery—the York Elec'trlc Machine Compan}:1 afn
the Dwyer Machine Company. Ll'censes were exc}gn%e gr
patents covering lamp-manufacturing machinery. Un (;1: the
licenses received by them, York and Dwyer sold mac 1nf:rzf
covered by General Electric patents oply to approved c}(]).m}}])ameer é

In the purchase of glass bulbs,' tubing, and Cane,bvlv 1CC Wral
among the most important materials for lamp assembly, blxen?u_
Electric, National, and Westinghouse were also favorably situ
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ated. When the Libbey Glass Company had entered into bulb

roduction in 1894, it had pooled its patents with the Corning
Glass Works and had agreed upon prices at which lamp bulbs
should be sold. The following year General Electric signed agree-
ments with Corning, Libbey, and the Phoenix Glass Company,
agreeing to buy its entire supply of glass from the three com-
panies and to divide its purchases in ratios of 2:2: 1, respec-
tvely. No other lamp producer was to buy its bulbs and other
lamp-glass requirements from those manufacturers more cheaply
than General Electric, and in addition the lamp producer reserved
the right to start its own glass production should it see fit.

Other agreements were later signed by General Electric with
the glass manufacturers, mcluding a 1910 contract which bound
(eneral Electric and its subsidiary National to buy 85 per cent
of their glass requirements from Libbey and Cornung (42% per
cent from each) and to make the balance themselves. Prices were
established, and the glass producers agreed not to engage in the
manufacture of electric lamps. After 1911 the quotas of the lamp
producers were to be increased to 25 per cent.

Westinghouse also made agreements with Corning and Libbey
whereby it was to purchase all its needs from Corning at prices
as low as those paid by General Electric. Under certain condi-
tions purchases could be made from Libbey or other producers.
There were a few other bulb producers, but the amount of busi-
ness available to them was small, and they were unable to grow
in the industry. The independent lamp producers thus had to
buy bulbs from the large producers at higher prices than were
paid by General Electric, Westinghouse, or Narional, buy them
from the smaller and less efficient producers, or import them.

There was relatively little patent litigation in the American
incandescent-lamp industry from 1897 to 1912. The patents for
the new developments were not granted by the Patent Office in
time to be tested by litigation before 1912, and only a few of the
older detail patents on the carbon-filament lamp were sufficientl
important to merit litigation. Westinghouse threatened infringe-
ment suits in 1897 against producers who did not take licenses
under its lamp patents. Similarly, General Electric in 1904 used

lawsuits as leverage in inducing lamp producers to accept licenses
under its patents. Although most comparies took licenses, a few
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did not, and some suits were continued. General Elllecltnc Washsauc;
cessful in upholding the validity of the _Howe alrrflp—elx dlis
atent in 1910 and the Edison patent covering Fhe sea gr ea :13
wires in 1909 in separate suits, although §ach suit had t(; e Car?i‘
to the Circuit Court of Appeals. The interchange o gaten -
censes among the principal lainp producers and the 111?3 ing Féir’t
and machinery suppliers avoided other patent conflicts in this
untry. , . ,
Coih?, competition of foreign producers m the Amerlga?Qlll;—
candescent-lamp market was not great betWeenﬁ]1897 atn Mech:
except briefly after the introduction of the metal filaments. fech-
anization of parts production and asseml?ly pro(c}esses YVE nore
rapid in the United States, particularly in the ( enefa e T
group, than elsewhere in the woild; and Americand arm})ls Vé re
in general of higher and more unifntm qual_ity. Beﬁl e(:is tS e itzzr:
man and English producers, firms in Austria,. Hlo and, \i\lftiom1
land, Iraly, France, and Japan were of particu ar 1nten}(E 2
importance. Except for Japanese lamps and special types o t.li. r-l
pean-made lamps, there has been no §uccessfu1 price competl (1)(;
by foreign companies in the American market over any con-
iderable period of time. -
: dThe pgice of imported lamps was greatly 1ncreasehd byt tii;
American protective tariff. Between 1897 and 1.9&)9 K e rg fg()g
lamps was 35 per cent of value. Under tne Tan ct 0t o
glass bulbs were subject to ad valorem.duties of 60 per cent. ‘
duties on electric lamps were also raised o 45 or 601 perblcen ,
according to whether cheir _Chief vahie was in their meta or itwn
glass, respectively.13 The increase in tariff rates Wlas intpoaduca-
reaction to the priority oflEuropean producers in the mtr
i the metal-filament lamps.
UOIri gf)es not seem likely that tii)e European producers Wlould;iave
constitated a serious threat to the Amencan lamp mar <1€t,h .low—a
ever, even if they could have met dom.estic prices. A cartel pdl ﬁo—
hy quickly took hold in the world 1ncan(iescent—lamp 11(11 : (1115 n(};
Although the American General Electric Company di ot
formally join the cartel, patent licensing agreerrllents Wgﬁrgnem
lished by General Electric with some of the. arggsth ronean
comparies. Relations between General Electric and the g
13 1J.S, Tariff Commission, op. ¢it., p. 4
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European producers were friendly, and there appears to have
been no desire on either hand to invade the other’s market, so
long as its own market was not invaded,

One of the most important early international agreements an-
nounced by General Electric was with the Allgemeine Elektri-
zitits-Gesellschaft in 1904.%* The two companies exchanged
exclusive licenses under many of their electrical patents. The
agreement was directed initially toward a joint exploitation of
the Curtis and Riedler-Stumpf sterm-turbine patents, for lamp
patents were not at that time of great importance. Technological
progress in lamp design and manufacture during the next few
years soon made that understanding of considerable Importance
to the American lamp industry, however. Between 1906 and
1909 General Flectric signed additional agreements with other
leading German lamp producers for the purchase of exclusive
patent rights to technical developments of the German companies
in incandescent lighting. Although the granting of exclusive li-
censes effectively narrowed international competition in lam
making and marketing, such agreements affected principally the
large producers of lamps and did not entirely eliminate inter-
national competition,

One important immediate result of the concentration of the
American lamp industry and the increasing international ex-
change of technical data was General Electric’s adoption in 1909
of the trademark “Mazda.” The name was taken from the Persian
god of light, Ahura Mazda. It was applied to lamps constracted
on the basis of “the latest” technical developments at home and
abroad. The General Flectric Research Laboratory had been
established in 1901,%® and the National Electric Lamp Company
set up a central lampvdevelopment laboratory a few years later.
The General Flectric lamp works also had a development labora-
tory. These three laboratories contributed most of the important

14 Other early patent agreements were executed by 1905 with the British
Thomson-Houston Company, the French Thomson-Houston Company, and the
Tokyo Electric Company, in all of which General Electric held controlling or
large minority stock interests (George W. Stocking and Myron W, Watkins,
Cartels in Action, Twentieth Century Fund, New York, 1946, pp- 321-322),

15 The founding of the General Electric Research Laboratory is discussed on
pp- 179-181.
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American developments in incandescent lighting during the
period. o

Both General Electric and National used the Mazda trademark
for the new ductile-tungsten filament lamps and for later types,
belying their claimed independence. Woestinghouse was not at
that tme permitted to use the mark. In England, the British
Thomson-Houston Company, which was controlled by Gen-
eral Electric, was a party to the arrangement and used the Mazda
trademark. The trade name was intended to be a mark of re_search
and laboratory service. It has played a Sigm'ﬁ?ant role in the
American electric-lamp industry to the present time.

THE ANTITRUST SUIT oF 1911

The domination of General Electric in the American electric-
Jamp industry had grown to such an extent that on March 3,1911,
the Department of Justice brought equity procgedmgs u_nder the
Sherman Anti-Trust Ace in the Northern Ohio ClI'CUl:[ Court
against General Flectric and thirt'y—four other comparies. The
principal defendants inclpded Nat;onal and its la'mp—makmg gnd
part-producing subsidiaries, Westinghouse and its lamp-making
subsidiary, and the Corning Glass Works. Other defendanys were
a few small lamp makers not part of the National organization,
the York Electric Machine Company, the Dwyer Machme Com-
pany, the Libbey Glass Company and the Phoenix Glass Com-
pany. o
The charges piled up by the fgdgral government in its com-
Jaint were impressive. The subs1d1ary re@atlon of National to
General Electric, notwithstanding which it was represented to
the public as a competing .organization, was 1mpugned by the
government. The price-fixing and ma.rket—sharmg agreements
with Westinghouse, with National, Wlth the member_s of the
Incandescent Lamp Manufacturers Assoqz_mon, and with other
lamp producers were _attacked as restraining trade. The pyra-
miding of patents on Improvements in machmery and prodqc—
tion processes as well as on detail improvements in lamp demgn
and on improvements in filament materials was :}Heged to main-
tain for General Electric and its group a substantlzq monopoly of
the carbon-filament lamp after the ps‘ts.ic patent on it had expired.
Tt was also charged that the acqusition of patents by General
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Electric and National was illegally suppressing competition in
tantalum and tungsten lamps. In addition, the dealer contracts
tying the distribution of carbon lamps to the new metallic-fila-
ment lamps were attacked. The practice of requiring prices fixed
by General Electric to be maintained to the retail level for both
carbon and metal-filament lamps was also complammed of as a
restraint of trade, as were the preferential agreements which had
been made with the glass, base, and machinery manufacturers.
The government suit brought to a head two issues of para-
mount importance to all American industry as well as to incan-
descent—lamp producers. Those were the extent to which the
monopoly awarded by a patent might be extended in various
directions and the extent to which a manufacturer might be free
to fortify his interests through the purchase of patents. The out-
come of the federal suit promised to answer both quesions.

The General Electric Company and its associates intended at
first to fight the charges, and answers to the complaint were filed
on June 5. That decision was reconsidered in time to permit with-
drawal of the answers and acceptance of a consent decree on
October 12, 1911. The other defendants followed the lead of
General Electric in admitting the facts cited in the government’s
complaint but denying that they constituted any violation or at-
tempt at violation of the law. Accordingly, Judge John M. Killits
of the Circuit Court entered a decree finding that most of the
actions and practices complained of were violations of the Sher-
man Act and ordering certain changes to be made in the organiza-
don and conduct of the industry.

During the interval between the filing of the government com-
plaint and the handing down of the court decree, General Electric
took up its option to purchase the remaining 25 per cent of the
common stock of National. That action made National a wholly
owned subsidiary of General Electric and for the first time took
active management out of the hands of the minority stockholders.
The Westinghouse and General Electric cross-licensing agree-
ment of 1896 also expired during that interval, on April 30, 1911.
Each company still retained specific patent licenses, however, in-
cluding the license granted by General Electric under patents
covering the new metal-filament lamps.
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Among the most important provisions of the decree was the
order that the General Electric Company takeiover and operate
under its own name the business done by National and its sub-
sidiaries and completely dissolve the latte.r. The Cleveland prop-
erties of National were called the National Lamp Works of
General Electric and later became the headquarters Qf Ger.leral
Electric’s lamp department. The.38 per cent of domestic busme:ss
controlled by National passed directly into the. General Flectric
Company, giving it 80 per cent of the lamp business of the {:oun-
try in its own name. In addition, the c@lssolutlon of Natlona_ gave
to General Electric one of the principal lamp-glass suppliers in
the country and the only lamp.—base producer.* , ,

The decree specified that price and market-sharing agreem%r}ts
with Westinghouse and other lamp manufacrurers should be dis-
continued, and it stated that no furth\?r agreements should be
made with manufacturers of lamp—malqng_machlqery and glass-
ware which would prohibit them fr.om- making sm@ar agreep&;nts
with other lamp makers. Anotl}er mg_mﬁcant provision lg)rol_u ited
the fixing of resale prices, the imposing of cond1t'10ns earing on
resale, or discriminating against purchasers who did not buy car-
bon lamps from the manufacturf:rs of other patepted lamps. N

What the decree did not require was of eql’lal importance. No
restriction was placed upon 2 manufacturer’s right to acqmlre

atents to fortify his interest. More(?ver, the dvecree express;(;
stated that patent licenses might specify any prices, terms, zml
conditions of sale desired, although they cogld not fix _resa::l

rices. That permission left an enormous opening for continue
control over the incandescent-lamp industry by Geperal Flectric,
and the industry leader took full advantage of it in 1ate¥ years.
Since the GEM, tantalum, and tungsten lamps were rapldlybre—
placing the ordinary carbon lamp, an open market .f(’)r car Ori
lamps was not of much importance. General El'ectncs f%ontr(()i
over prices charged by its licensees was not seriously af lecte ,
and it retained its patent monopoly-ov\?r tl}e new types '(ﬁ banzlPS.
By developing 2 new method of distribution which will be dis-

16 Until a few years before the consent decree, the Providence (Gas Burner

Company, which was owned by National, had been the principal but not the
only manufacturer of bases for incandescent lamps.
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cussed in a later chapter, the prohibition against resale price
fixing was avoided. The 1911 antitrust action did not significantly
change the situation in the American lamp industry.

2. The European Incandescent-Lamyp Industry, 18971912

THE GERMAN INDUSTRY

While American incandescent—lamp production was increasing
rapidly and was being concentrated largely in the hands of the
General Electric Company, German lamp production was going
through a similar tremendous growth and consolidation. Along
with the rest of the electrical-goods industry, lamp production
in Germany forged far ahead of that of all other European nations
and drew up to a temporary equality with American output.

The electrical industries of Germany went through a gradual
and conservative expansion during the 1890’s. Besides the Allge-
meine Elektrizitits-Gesellschaft and Siemens & Halske, a great
many smaller firms grew up to important positions in the industry.
The years 1899 and 1900 were boom years during which all
electrical-goods manufacturers expanded greatly. A sudden panic
in 1901, which lasted until 1903, took the young electrical in-
dustry by surprise. The commercial crisis paralleled the 1893
depression in the United States. Most companies found them-
selves far overexpanded. A number of small concerns were forced
to liquidate and even some of the larger ones had to draw on
their reserves.

The German electrical-goods producers turned to consolida-
tion as a solution for their problems. A number of amalgamations
ensued which concentrated most German electrical-goods pro-
duction in A.E.G.,"" the Siemens-Schuckert group,™ the Felten-

171n 1904 A.E.G. took over the Vereinigte Elektrizitits Gesellschaft of Berlin,
which had previously been affiliated with the American Thomson-Houston Com-
pany. This acquisition by AE.G. was part of the amalgamation of interests
between the German company and the American General Flectric Company
which also resulted in an interchange of patents and a limitation of markets. A
further result of the arrangement was an AE.G. agreement with the British
Thomson-Houston Company regarding the limitation of export trade.

18 The heavy manufacturing of Siemens & Halske was merged in 1903 with

the Schuckert company to form the Siemens-Schuckert works. The light manu-
facturing of Siemens was not affected by the combination.




160 The Electric-Lamp Industry

Guilleaume-Lahmeyer Werke, AG.Y anddthehBergOrlrllirtlge]Sﬂ:E;
1Z1t4 i ited States and other ¢ ,
trizitits-Werke. As in the Umted ‘
ffllll—line producers were favored in the §ale qf 1ncandesc1:enlt km.lpsi
In general, they were able to maintain prices for all e ectlr;ica
googds and’ prevent “injurious” competition through working
i ial.
reements: their profits were substantia '
agThere \A:ere stﬁl many German prodpcprs Qf ;r;gzngoesrc;rst
lamps, however. A number of tht'zm had ]omed in 0 mise
fam 7 uality and to maintain prices. Qut of that Qrgan(l} a "
rGVI\)f She Verkaufsstelle vereinigter Gli'lhlampenfabn%{er; 19605§ -
schaft. or the International Incandescglnt LfarngCértzn g Siemegs
ich dership of AE.G.
which was formed under the Ie.a ‘ . o
i v the cartel included eleven
& Halske. At the time of organization cn
lamp producers in Germany, Austria, Hungary,‘H?ggzdénde?;
zerland, and Italy. The cartel bega;n V;)]peiait{&rfls 11; e i
ined ‘ i 1 I ar 1.
mained more or less in force unt Vo 1 ;
i blish quotas for the wvarious
tasks were to fix lamp prices, esta (e vanious
Vi It was concerned only wit
members, and divide the proﬁts. d ith car-
ich there were no basic patents; :
bon-filament Jamps, on which ¢ were [t
the only type of m
ime carbon-filament lamps were virtually
Zlft?ldescent lamp made. The cartel members produced‘ab.ou‘i
3(0 000,000 lamps each year and included most of the principa
’ roducers of continental EuFOPe~
12—2}%&3}) development and introduction ofd a n?mhber of rigv:htzg:ls
1 Le first decade of the twente -
of patented lamps during t de of e T oo
eakened the carbon-lamp cartel s 2 .
?;r()S v%he A E.G. introduced and pushedhtlée Nerns‘f1 lamé), Eﬁg
. iithli kinen-Gesellschaft introauce
Deutsche Gasgluhhcht A ueed e
1 ; Si Iske developed the tantalum lamp;
osmium lamp; Siemens & Ha 1 ; nialum wnp;
loped and introduced va
and a number of concerns develop a rodd Janous
The competition of these lamps,
types of tungsten Jamps. . o 0ol Jamps, 2l o
1 the carbon lamp, kep
which were far more efficient than 1 sales
isi bers of the cartel conu
{ carbon lamps from rising. Mem
So sell about 30,000,000 carbon lampi each year, b;l(;cr}c);gﬁsr ifceeli
i 1 d market pressure
bv two-thirds as the increase _ :
down. Besides the metal-filament lamps and price redu(ciuonsésglle
competition of new firms outside the cartel and the depre Gg
19 The Felten-Guilleaume-Lahmeyer company was absorbed in 1910 by AEG.
20 See Basch, op. cit., pp. 68-72.

Adolescence of the Lamp Industry 161

effect of taxation on lamps were important factors in the declining
profitability of carbon-lamp production.?!

Despite its technical and commercial leadership in metal-fila-
ment lamps, the German industry by 1910 found itself in the
situation which had confronted it in 1894 for carbon-filament
lamps. There was an alarming tendency toward careless manu-
facture and poor lamp quality as a result of efforts to reduce costs
and compete on a price basis. The seriousness of the problem was
intensified early in 1910 by the sudden announcement by AE.G.
of a reduction in the prices of metal-filament lamps. It appeared
that either the carbon-filament cartel would be so weakened as
to fall apart or metal-filament lamps would have to be brought
mto the cartel.? In 1911 the three producers who held the most
important European patents for metal-filament lamps, A.E.G,,
Siemens & Halske, and the Deutsche Gasglithlicht Aktien-Gesell-
schaft, formed the Drahtkonzern, or Filament Trust, through
which they pooled their patent rights.?® Although output and

sales were not strictly controlled, the companies did make agree-
ments for the maintenance of prices.

THE BRITISH INDUSTRY

The British manufacturers of incandescent lamps had dropped
far behind the Germans by 1900, as indeed had all the British
electrical industries. The great legal obstacle to electrical ex-
pansion was removed in 1888. The obstacles which remained, and
which largely persisted from 1897 to 1912, were apathy, limited
ability, and a lack of specialization. The British made no technical
contribution to the development of metal-filament lamps. There

21 In 1910 German manufacturers produced 26,000,000 carbon-filament lamps,
42,000,000 metal-filament lamps, and 249,000 Nernst lamps. Although total pro-
duction was not quite as great as American output at that time, the proportion
of metal-filament lamps to the total was considerably larger in Germany. See
Electrical World, Vol. LXHI, p. 54 (Jan. 3, 1914).

221n 1910 eighteen companies in Germany, Austria, Hungary, Sweden, Hol-
land, Iraly, and Switzerland were members of the cartel. The few French con-

cerns which had joined did not remain members. British producers had not

joined at all.

23 Under German patent law and the interpretation of the German courts it
was much harder to obtain a complete patent monopoly than it was in the United
States or Great Britain. Under those circumstances, it was natural for the owners
of the German patents covering all important ways of making tungsten filaments
to pool their patents and obtain basic protection in that fashion.
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Swan Electric Light Company, Ltd., and the Sunbeam Lamp

Company, Ltd. There were also many newer companies of vary-
ing size and importance.

Competition in carbon-lamp production and sale was very keen
in Great Britain. Since there were no longer any important pat-
ents on carbon lamps, the industry was open to all who wished
to enter. By 1910 prices had been pushed down to about ten cents
for the standard sixteen—candlepower lamp. Despite the keen
competition, however, the quality of production did not fall to
the extent true for Germany. The larger and better established
producers in England generally managed to keep qualicy fairly
uniform, although they tended to prefer low-efficiency lamps of
long life rather than lamps of high efficiency and shorter life.

The technology of the new metal-filament lamps was imported
into England from Germany and Austria, and later from the
United States, between 1900 and 1910, Besides the effect of the
metal-filament lamps on the old carbon lamps, there was an im-
portant effect upon the organization of the entire British lamp
industry. The G.E.C. owned what proved to be the basic rungsten-
filament patent, which was granted in 1904 on the work of Alex.
ander Just and Franz Hanaman, even before the commercial lamp
appeared on the market.

When domestic competitors introduced their own brands of
tungsten lamps and foreign manufacturers commenced exporting
tungsten lamps to Great Britain on a large scale, the G.E.C. and
its Osram Lamp Works initiated a series of lawsuits to test their
patents. The first important infringement suit was instituted in
1910 against G. M. Boddy & Company, an importer and dis-
tributor of lamps made in Holland by the Dutch N. V. Philips’
Gloeilampenfabricken (Philips” Metallic Glow Lamp Works) of
Eindhoven. Before the lawsuit was completed the litigants came
to an agreement out of court. Philips and Boddy took licenses
under the G.E.C. patents and agreed to pay royalties on all lamps
exported to Great Britain as well as to limir total exports. Prices
and discounts were also to follow those set by the G.E.C. Other
infringement proceedings by the G.E.C. were similarly success-
ful. The British General Flectric Company adopted a policy of
requiring other manufacturers to take patent licenses and pa
royalties rather than of trying to force them to withdraw from
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the business altogether, as the Ediswan company had done some
twenty years earlier.

Two other British companies also had important holdings of
tungsten-filament patents. The British Thomson-Houston Com-
pany owned several patents based largely on the work of the
American General Electric Company and of A FE.G. The Siemens
Brothers Dynamo Works owned patents based on the work of
Siemens & Halske in Germany. In 1912 the three companies—
GE.C, B.T-H. and Siemens Brothers—formed the Tungsten
Lamp Association. They pooled their patents on tungsten-fila-
ment lamps and licensed a number of other companies, including
Philips, Ediswan, and the British Westinghouse company. The
companies agreed to maintain selling prices, and those which
were only licensees were required to pay royalties and to remain
within established production quotas. The association was indi-
rectly affiliated with the German Drahtkonzern through the
British subsidiaries of the German companies which were mem-
bers.

THE INDUSTRY IN OTHER COUNTRIES

The lamp industries of the other industrialized European nations
were much smaller than the German and British industries. France
had faded relative to the two Furopean leaders. The Austrian
industry, though of considerable importance technologically, was
not large. The producers in Holland, Belgium, Sweden, Switzer-
land, Italy, and Hungary were not at that time of very great im-
portance to the world industry, except through their association
with the international cartel.

The French market for carbon-filament lamps was quite open.
Competition was keen, and prices were forced to very low levels.
Carbon lamps of the ordinary sizes sold for as little as eight cents
apiece in 1906. At that price only inferior lamps could be made,
yet purchasers demanded cheap lamps rather than economical

lamps. The leading American, German, and British lamp pro-

ducers had subsidiaries or affiliates in France, and they were of
great commercial as well as technological importance. There
were fewer consolidations at that time in the French lamp in-
dustry than in the American and German industries. The failure
of French lamp manufacturers to retain their memberships in the

Adolescence of the Lamp Industry 165

international cartel was probably caused by the insistence of
French buye{s on low prices, even if that also meant low lam
quah_ty. All Important technological advances in incandf‘scen}‘z
lighting continued to be imported; French producers dizl not
make any real contributions.

Tortal output _in each of the smaller countries reached no more
than a few million lamps per year, and it was much smaller in
most instances. European tariff rates on lamps were relatively
low,'llowevqr, generally ranging from 5 to 10 per cent of value
and 1nternat1.onal trade in lamps was very extensive in Furo 67
Most countries relied on Germany as their principal qourcepof
IMports. They also relied largely on Germany for their\advmce—
ments in lamp design and manufacturing technique, Moret)ver.,

Eéﬁteri) fenerally followed the cartel, which was under German




Chapter VII: THE DEVELOPMENT AND
INTRODUCTION OF NEW FILA-
MENT MATERTALS: 1897-1912

- Avrroucn the General Electric Company had emerged as
the unquestioned leader of the Amgrlcan electrjlc—l;'imp 1ndus£ry
by 1897, and other leaders were similarly emerging In most oth ter
lamp-producing countries of the world, the Fechnlcal sup}elrl((l)rl v
of incandescent electric lighting over other light sources .al not
yet been permanently established. th—;fﬁqency g.ais 11§ hting
was competing keenly for interlpr illumination, Whlle the en-
closed arc had strengthened the grip of the electric arc lamp L:i‘pon
street and other outdoor lighting as well as on certan 1r1d oor
applications. The competitive 1r}terplay of gas hghtlng an dm-
candescent electric lighting, which had_produced t.he incandes-
cent gas mantle in 1885, was of especial importance m encourag-
ing improvement of the incandescent lamp.

1. The Problem of Filament Improvement

The old carbon-filament lamp had apparently rez}ched. its limits;
for no fundamental improvement had been made in it 51}rllce. 1884,
Experimenters seeking to improve t_he.eﬁimency (()lf the 1r1carr11(—1
descent lamp directed their efforts principally to finding new an
better filament materials. Although Carbon has the unusually
high melting point of 35 00°C. or more its rate of evaporf(t:lon,
even at the considerably lower temperatures arouqd 1600°C. at
which it operated, was too great to permit economical oFeritlzi
except at efficiencies of about 3.4 lumens per watt or less.

i i i lamps can be as-

1 i ficiencies for different types of incandescent p
sign?c{) e(fﬁ;l gro?lgliiy for variables other than the filament mzlllterlal alsz ﬂggzrc;
i si ltages around 110 are generally more ient
efficiency. Lamps designed for vo g o senter light
than those of higher or lower potentlals, for example, 2 dlp reater lgh
ally more efficient than those of Jower candlepower. X
ggatgg;gg rcll?rl;lrﬁllsg with the age of the lamp as the bulb blackens and the re-

sistance of the filament rises. References to efficiencies m this and following .

paragraphs should be considered to refer to th_ose size_s and voltages most com-
monly used and to initial values, unless otherwise specified.
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higher filament temperatures the initial lamp efficiency was
greater, but lamp life was greatly shortened and the rate of de-
cline in candlepower was increased.

The problem in 1897 was to discover an illuminant which could
be heated to temperatures well above 1600°C., and which would
be durable at such temperatures, for the operating temperature
of a non-selective or only slightly selective radiator 2 like most
incandescent filaments is the most critical factor in its efficiency.
Hot filaments give off radiation over a very wide range of wave
lengths,.of which only a narrow band is visible to the human eye.
At relatively low temperatures a greater proportion of total radia-
tion 1s given off in the infrared region. As the temperature of a
non-selective radiator increases, the peak of the light output shifts
to higher frequencies until it would be in the middle of the visible
range at about 6200°C. The whiteness of the light output in-
creases as the temperature rises. At 6200°C. light output would
be a maximum, and an incandescent—larnp filament would have
a luminous efﬁciency of 85 lumens per watt. That would repre-
sent a conversion of electric energy into visible light of about
14 per cent of the theoretical maximum of 621 lumens per watt
of monochromatic light by an “ideal” selective radiator.® Al-
though efficiencies approaching 85 lumens per watt are unob-
tainable unless amazing new substances with very high melting
points are discovered, a considerable range for improvement was
available to experimenters in 1897. Many materials have melting
points well in excess of 1600°C.

An additional possibility for improving incandescent illumi-
nants lay in the use of selective radiators. If less energy could be
wasted in the invisible portions of the spectrum, it appeared pos-
sible to devise a lamp with greater over-all efficiency even at
relatively low operating temperatures. The rare earths ¢ are selec-

2 A non-selective radiator emits light in a “normal” curve over a very broad

spectrum and includes both ultraviolet and infrared radiation. A selective radi-
ator eiits a larger proportion of its total radiation in some particular range of
wave lengths, visible or non-visible.

8 See Parry Moon, The Scientific Basis of Iluminating Engineering, McGraw-
Hill, New York, 1936, pp. 135-139.

# The family of chemical elements which includes scandium, cerium, yttrium,
lanthanum, illinjum, samarium, and europium is known as the rare earths. The

name was applied because of their scarcity when first discovered in various
minerals.
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tive radiators, and they attracted considerable attention along
with other materials. Here the Welsbach gas mantle offered as-
sistance to its rival. The rare earths occur mixed in nature. To
prepare the cerium oxide required for gas mantles, the other
earths found with it had to be separated. Since they had no im-

ortant commercial uses before 1900, large amounts were cheaply
available for those who wished to experiment. At about the same
time important new deposits of rare earth minerals were dis-
covered, and their prices fell even more. The combination of the
«wo factors led to a tremendous advance in the chemistry of the
rare earths during the next twenty years. That fundamental ad-
vance was of great importance to lamp designers.

Besides the advances in the chemistry of the rare earths, there
were significant advances in other branches of inorganic chem-
istry. The development of the electric-arc furnace in 1892 by
the French chemist Henri Moissan opened up an entirely new
avenue of study. The electric furnace made it practical to obtain
temperatures with controlled atmospheres at readings far higher
than those of the old gas furnaces. The knowledge of metals made
enormous forward strides within a few years, and by the turn of
the century the experimental possibilities open to lamp engineers
had expanded greatly. Almost all the fundamental advances in
electrochemistry between 1885 and 1900 were made by scientists
in Germany, France, and England.

The combination of increased competition with gas lighting
and fundamental progress in scientific knowledge led to a period
of most rapid advancement in incandescent-lamp design from
1897 to 1912. It is significant, however, that established lamp
manufacturers did not produce the first important innovations.
Individuals outside the industry were quicker to seize the oppor-
tunity: for filament improvement. Neither the concentration
which existed at that time in the American and German carbon-
lamp industries nor the intense commercial competition of the
British and French industries provided a stimulating environ-
ment for the prompt initiation of lamp research and fundamental
development. After a few years of progress by outsiders, how-
ever, certain leading lamp producers started to work seriously on
Jamp improvement and made important contributions.

Within about a dozen years a great number of substitutes for
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fiarbOn WSI:C proposed. As might be expected, the greatest atten-
on was directed to metals with high melting points, although
many non-metallic sub i i ies B
8 stances with desirable properties were also
flggs]l etfed. The concentration upon filament materials lasted
about 1912; by that time the ductile-tungsten filament,

T .
ABLE XII: THE IMPROVED PERFORMANCE OF INCANDESCENT

LAMPS
1881-1910
Type of Initial effi- A j 7
Year filanment ciency per watt Zﬁi;;z;ﬂl’lf:?fite
1881 garbonized bamboo 1.68 lumens 600 hr B
1884 | “Flashed” squirted cellulose 3.4 ‘ 400 .
1888 | Asphalt-surfaced carbonized
bamboo 3.0
. 600
1897 | Nernst (refractory oxides) 5.0 300 or 800 »
1898 | Osmium 5.5 1,000
1902 { Tantalum 5.0 25’0 or700¢
1904 | GEM (metallized-carbon) 4.0 600
1904 | Non-ductile tungsten 7.85 800
1910 | Ductile tungsten 10.0 1,000

a Efficienci i
encies apply to the sizes most commonly used for general illumination,

16-candlepower for the carbon 1
o candlepow ey on lamps and 50- or 40-watt for the GEM and later

b Th 3 i
| e 1smal_ler figure apphed when the lamp was used with direct current, the
arger when it was used with alternating current,

¢ The smaller figure appli i
2 pplied when the lamp was used with alternating curr

- - . en
the larger when it was used with direct current, d °

Sources: Franklin Instivute, Incandescen: Electric Lamps, 1885; Howell and

S hr he H y f h C
d . T [ 2] t 1 y 0927 d H toT Of
chrocdaes ; e 1StOT (70 the Incandescen [W’IZP, 192 5 SChr(»e €r, (A ¥

which is still in use today, had been developed and introduced
Table XH_ summarizes the life and efficiency characteristics of
Fhe most important improvements made in the composition of
1ncqndescent—lamp filaments after 1897 as compared with the
earlier carbon filaments. Fach of these new types will be con-

§1dered in turn, along with certain other similar experiments of
importance.




170 The Electric-Lamp Industry

2. The Nernst Lamp

The first in the series of new commercial incandescent lamps was
developed in 1897 in Germany by Dr. Walther Nerpst, a profes'—
sor of electrochemistry at the University of Gottingen. In his
lamp a small rod of refractory metallic oxides was qsed as the
illuminant. Although they are non-conductors atiordmary tem-
peratures, these materials become conductors at higher tempera-
tures and emit a strong white light. Moreovei_‘, the ox1de§ are
selective radiators and waste less energy in the mfra'red region.
The idea of using the rare earths and other metalhc.ox%d?s for
incandescent-lamp illuminants was not new. Many individuals
had failed before Nernst succeeded. The earliest reco;dﬂed use
of refractory materials which became incandescent at high tem-
peratures was in the electric candle devised by Paul Jablochkoff
around 1876. Jablochkoff used a kaolin slab between his two con-
ductors. When the arc was started, the kaolin was heated and
became incandescent. During consumption of the candle}, the
kaolin vaporized and also made the flame o_f the arc more lummo.u‘s.
The early patents of Lane-Fox and Edison made more specific
reference to the use of oxides for incandescent illuminants. An
1878 patent of Lane-Fox stated that coating the: surface of carbgn
illuminants with various materials, including lime and magnesia,
produced greater luminosity. Edison suggested the oxides of
titanium and zirconium as possible filament materials. A:ll such
ideas were brushed aside by the great success of carbon in 1879
and 1880, however, and attention was fo.cused on carbon‘for the
next five years or more until it reached its peak. Then, little by
little, scattered attempts were made by inventors to develop new
materials for use in incandescent lamps. Most experumenters tried
to coat carbon with other substances. The experiments qf Anse:,ll
in 1883 and Neuthel in 1886, which have been ment}oned n
Chapter V, were the first to return to the refractpr}{ oxides. .
After the successful development and c:ommeraal introduction
of the incandescent gas mantle its Austrian mvin.tor, 'Car’l’ Al.lel‘
von Welsbach, attempted to apply the same old “limelight” prin-
ciple to incandescent filaments for elecmc: Jamps. It sepmed that
if oxides of elements such as calcium, thormum, ar}d cerium could
be raised to high temperatures in a gas flame to give off light, the
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same or similar oxides might be formed into filaments. Welsbach
tried to coat platinum and other metal wires with thorium oxide
to increase their luminosity. His efforts were unsuccessful. Other
inventors, including Rudolf Langhans, failed in similar attempts.
Differences in coefficients of expansion and other difficulties made
the coated filaments break down quickly. No really successful
composite filament for an incandescent lamp has ever been made.

Nernst set out in a new direction. He did not try to retain
carbon, nor did he try to make a filament. His interest in the
problem started in 1897 while he was investigating the theory of
light emission from the Welsbach mantle. By the end of that year
he had decided that a mixture of metallic oxides in the form of
ashort rod would produce the best illuminant for an incandescent
lamp. His first patent application was filed in 1897, and a series
of patents was issued in 1899 to disclose the nature of the inven-
tion to the public for the first time.

The Nernst burner was a small rod about an inch long and one
thirty-second of an inch in diameter. It was a mixture of oxides
of metals such as magnesium, calcium, and the rare earths. Many
combinations were possible. One early mixture was composed of
85 per cent zirconia and 15 per cent yttria. These materials were
powdered, made into a paste with an organic binder, squirted
through dies, and dried. Later a mixture of the oxides of thorium,
zirconium, yttrium, and cerium was used.

The earliest Nernst lamp used external non-electrical sources
of heat to raise the illuminant to its conducting temperature of
950°C. or more. A match or alcohol burner was employed. This
was, of course, a great nuisance and handicap, and numerous sug-
gestions were made by many inventors for automatic heating
devices. The most successful was a heater coil of platinum or
other wire which was automatically cut out of the circuit when
its task was accomplished. Since the resistance of the Nernst
burner declined with rising temperature, it was necessary to add
in series a ballast resistance of iron wire to maintain the proper
current flow,

Although the Nernst burner operated at a temperature of
about 2350°C. and was a selective radiator, its over-all efficienc
was only about 50 per cent higher than that of the ordinary
carbon-filament famp. The ballast wasted a considerable amount
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of energy. Initial efficiencies were about 5.0 lumens per watt,
though that efficiency was not well maintained throughout life
in the early commercial lamps. Light output during life was con-
siderably improved in later lamps.

A burner life of about 800 hours was obtained when the Nernst
lamp was used with alternating current, and of approximately
300 hours when it was used on direct current. The heater coil
had a life of around 2,500 hours. Direct current had a deleterious
effect on burner life because of its electrolytic action. It was not
necessary to burn the glowers in a vacuum, because they were
already oxidized. However, it was customary to cover them with
diffusing globes. For use on direct current 1t was important that
air should have access to the burner to counteract the electrolytic
action at least partially.

The Nernst lamp was generally made in sizes from 25 to 2,000
candlepower. The smaller units had but a single burner, while
the larger ones contained up to thirty glowers. Most lamps were
made for use on 110 or 220 volts. The smaller lamps, up to 50
candlepower, sold at first for about $1.25 complete, and the larger
ones were prieed appropriately higher. Despite cheap glower
renewal and definite efficiency advantages over the old carbon-
filament type, the Nernst lamp was rather expensive and. compli-
cated. This was the only incandescent lamp ever to reach quantity

roduction which deviated materially from the tradinional car-
bon-filament lamp in design.

Nernst applied for German, British, and other patents on his
invention in 1897, but it rock much more work to develop the
lamp toa commercial stage. Nernst himself withdrew from active
participation in the final development and commercialization of
his mmvention. Patent rights for the leading markets were divided
among a small number of companies. The Allgemeine TFlekerizi-
tits-Gesellschaft acquired the patents from Nernst inially and
retained for itself sole selling rights for Germany, Great Britain,
and most other European countries. George Westinghouse ob-

rained the rights for the United States and Canada and set up
the Nernst Lamp Company to make the new lamp.® This was the
only major new incandescent lamp introduced in the United

5 The Nernst Lamp Company was not connected with the Westinghouse Flec-
tric & Manufacturing Company except through common ownership and control.
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ISﬁzézetsr ib;etvazreer)L é(89C7 and 1912 that was not controlled by General
. ompany secured the richts for Austria, F
gary, and Iraly. The Nernst Electric Li ¥ o T s
e o py, The T Electric ight Company, Ltd., was
: acquire the rights for A 1 1
Asia, South A?nerica a Erica. The o Africa
, , and Cenrral Amer Th idi 7
Nernst patents was u i nd ¢ validiy of the
_ pheld in Germany and :
be}e:n seriously Chaﬂenged in any otherycountzi'Ppears ot to have
NeriC?‘Of the four concerns undertook to develop the basic
e st invention to a pommercial stage in its own way. The final
la pls W;f quite similar, although they varied in many minor
1903(; jn R e lamp was qsed commercially for the first time in
1200 deViseeémﬁny. A satlséactory automatic starter had not yet
,» however, and it was not until early in 1902 i
' that
zvae eim_ployed ona large scale in Germany and su);cessfull in;rc;Ej
ugﬁ in the United States and other countries, g
L] 1e1 edfﬁqepcy gdvantage of the Nernst lamp over carbon
Statp: l;em‘;o t1)ts falf})y extensive use in Europe and the United
1 about 1912. As an indication of its ma
rket, B:
pgg;e(f gr ﬁgu;\e of 7,51 00,000 lamps produced by A.E.G alonelstf)};
7. ¢ Nernst lamp stood between th 1- :
ordmary incandescent lamp a e e anl the
nd could perform in lichu
tasks more effectivel P b e ghting
' y than either. When the N
first introduced and i ek amp was
pushed commercially, central-stati
ators were uneasy about its effect on thei ’ oy fona
that their customers would bon lame o They e
replace carbon |
MNernst lamps to P i P Cmbletely b
S produce the same light output, and t}
of energy would decline. St g 1o e o e sale
. Such fears proved b
founded. For one thin P o gy un
. . g, the Nernst lamp was merel
light source and could not sati Ty R sele] new
satlsfactonly replace all carbon 1
Epgpapzcétperé the glieater efficiency and ecponomy of the T\?;lnsst‘
] o better electric lighting at higher levels of inati
: cctric lightir of illam
il r;;ther than to.reducuons in lighting expenditures. As long alsni{(iltll(l)trf
! r§ was r;ot ideal, most persons were willing to pay the s§me
iuup;rrita r()L)t n;loge)g for getter light. By 1912, however, other new
s had been developed, and their efficie i
] , ne -
ments i turn were too great for the Nernst lamp to su)i'vlir\?ep ove

8Op. ciz,, p. 87.
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3. The Osmium Lamp

metal-
The second successful new lamp anddthe lﬁrs'c C;obeymﬁﬁgy pfustrian
i i lamp develope ,
lic filament was the osmium lar ped the Aastriay
the inventor of the ga .
Carl Auer von Welsbach, invents nnet -
1 t to develop a
1 n his original attempt to _
though he did not succeed 1 _ . 1op an
incar;gdescent—lamp filament employing metallic ox1c01tr:i, s o
periments led to the production of a filament even m
than the Nernst lamp. . o ied
Welsbach’s experiments on incandescent hghtmghwerexiigrd o
on about the same time as those of Nernst, and Ct1 lt):y ter ended
over a longer period of time. The Austr_lan s'c'ar'ce1 y }rf o%her
coat metallic wires of the platinum fﬁlmﬂy_ W1t£1 t olf??}ieoﬁ  other
1 d thus add to the emissivity ot
refractory materials an _ oy o e
ic core from breaking w : :
and prevent the metallic ¢ . _ “wh ed
abov}e its melting point. Besides platmunlll,_ leltllll gsbr:gltll??e (119 ne
ied iridium, which ha _
of 1770°C., Welsbach trie : dun-
successfull}; by a number of early experimenters, an}cli O}T::Vjest
Iridium has a melting point of 22§00C., gnd osmlurr:bt Iel f{ct s
member of the family, has a melting point ofh2700 : in%usi(ble’ «
the time osmium was thought by some to be the mos
all metals. ' .
The high melting point of osmium was attractive .and ll\?lcirzo—
a number of experiments for forming 1t into th1{1 errltozss,i [More-
over. osmium is a selective radiator and has greater urmh X 13; than
carb,on at the same temperature. Osmium as 1t was 'i eit nowe
could not be made into a wire like most other meta ?) ‘tdeé stec
commercially only as a powder, a spon%X mass, oirrs ! fnadequcate
1d not be pressed into a w
metal. The powder cou . quate
strength no}:r) could the metal be drawn. New techniques of
’ -
ment had to be devised. _ . R
The most satisfactory technique devised by 1W6§b§1 ;ﬂ i
use of the squirting process that had been e7mp oygz n maging
carbon filaments for a dozen years or more. Pow .ezed osmiu
was mixed into a paste with a cellulose binder, squirte agr
dies and sintered at a high temperature to fuse the separate p

p T OSmuam
7 ()ﬂe Of \/"VCISbﬁChS ﬁISt methOdS was the de 0s1t1011 Of osmium O

mpoun n finu or o ll(:l ore he (E(l\ ction o P 5
m C Sy f the com’ ()ulldS and the
coO pO ds o pla 1

volatilization of the cores.
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ticles of the metal. The binder was volatilized out, and the porous
and brittle wire was formed into a looped coil, attached to plati-
num lead-in wires, and enclosed in an exhausted glass bulb. The
application of the squirting process to metals was a revolu-
tionary idea and was the principal element in Welsbach’s success.
This successful technique for making osmium filaments was

devised in 1898, and a few lamps were made commercially in
1899. Regular commercial sale was not initiated until 1902, how-
ever. The metal osmiom was very rare and expensive, and onl
limited numbers of lamps could be made. Welsbach applied for
American as, well as European patents on his lamp and the process
for making 1t. The American patent applications were made on
August 9, 1898, and after many delays in the Patent Office were
finally granted on November 22, 1910. By that time further im-
provements in incandescent lighting had made the osmium lam
obsolete. The osmium lamp was produced and marketed by the
Austrian Gasgliihlicht und Elekerizitits Gesellschaft (the Austrian
Welsbach Company) and by its German licensee, the Deutsche
Gasglithlicht Aktien-Gesellschaft (the German Welsbach Com-
pany or Auergesellschaft). Despite the American patent appli-
cations, the lamp was sold only in Europe because of the limited
production. The General Electric Company, Ltd., secured ex-
clusive selling rights for Greart Britain.

Owing to its high melting point, selective radiation, and high
operating temperature, the osmium lamp had an initial efficiency
of 5.5 lumens per watt or more. It maintained its light output ex-
tremely well through an actual life of as long as 2,000 hours.
Rated average life ranged up to 1,000 hours. Moreover, the fila-
ment was able to stand variations in voltage quite well,

Despite the great Improvement in efficiency, osmium lamps
had disadvantages which limited their usefulness. The rarity and
expensiveness of the metal have been mentioned. New lamps were
priced at from $1.25 to $2.00, and because of the scarcity of the
metal it was necessary to reclaim used filaments from burned-out
lamps. The brittleness of the sintered osmium filament resulted
in a very fragile lamp. In addition, osmium was of such low elec.
trical resistance that unusually long filaments were required. It
Wwas necessary to burn the lamps base up in order to prevent sag-
ging of the softened filaments during operation. A thread of
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acid with powdered carbon. The Siemens & Halske chemists
found that Moissan’s method did not produce pure tantalum, and

they developed other techniques for purifying it. One method

refractory oxides attached to the inside of the rounded end of
the bulb was used to support the middle of the fine osmium sp_1ral.
The brittleness of the metal presented anocther serious handlcap

in that it was very difficult to make the extremely slender wires : }}ZES the rleduction Oif potassium taréta.loﬁuoride in powder form.
necessary for high-voltage lamps. The first commercial lamps _ e r?;ﬁ tlngd tanta urr} V&;as l1’)nelte in 3 Vafcuum 'itnd was very
could not be used at potentials greater than 44 volts. On h1gher ; gure.d e relucftlon of the brown oxide od tzilnta um also pro-
circuit voltages it was necessary to employ a group of lamps in : uced a metal o great purity. It'WaS foun L that tantalum Was
series. Later advances produced satisfactory lamps for 55 and 73 i ductile and could easily be draWn into fine wire unless impurities
volts and finally for 110 volts. ~ of carbon, hydrogen, or metalhc QdeeS were present.
Although some millions of osmium lamps were produced and : Von Bolton and Feuerlein applied fot German and oth‘er at-
sold in Europe, their primary significance was technologlcal  entsin 1902 to cover the process of making pure and ductile tan-
rather than commercial. The osmium lamp contained the first ~ talum and its use in incandescent lamps. The Gferman patents
practical metal filament and opened up a new avenue for lamp ~ were granted in 1903 and 1904, and the American patents in
designers. It was more economical than the best c_arbon lamp, April, 1906. ' |
though less economical than the Nernst lamp, despite its higher After further development, the new Siemens & Halsﬁke lamp |
efficiency. Osmium was superseded by the osram lamp in 1906, was placed on the market in Europe in 1905. At that time tan-
the filament for which was at first an alloy of osmium and tung- - talum was a very scarce metal costing about $5,000 a pound.
sten, and by other metal-filament lamps of greater efficiency and ~ Siemens & Halske gained control of all possible world sources of

suitability. The osram type will be discussed presently along
with the other varieties of tungsten lamp. Osmium was better
suited for low-voltage use than some of its successors, however.

supply and retained the sole manufacture of tantalum filaments
during the entire period that the lamp was marketed. Neverthe-
less, the company did license certain affiliated FEuropean lamp
. manufacturers to assemble tantalum lamps with filaments bought
4. The Tantalum Lamp k from the Gertnan company for sale in prescribed areas. .

: In the United States, where there was no longer a Siemens
affiliate, the General Flectric Company and the National Flec-
tric Lamp Company acquired exclusive rights to manufacture

A third new type of incandescent lamp was developed by the
Siemens & Halske Company, the first of the leading lamp pro-
ducers to achieve results in the search for better filament ma-

\ . ~and sell tantalum lamps on February 10, 1906. The purchase of f
terials. Dr. ngrgr vgn gdt;rlléi}rllezgvoeflthdczrxffri%yifl Cll;eéglfég - the rights cost the two companies }i;25 O,OO.Oz of Whl}():h‘General
laboratory, and Dr. . al e Their W%rk had begun in 1901  Electric contributed 60 per cent, and in addition they paid royal- y
1903 with a tantalum filament. b “ lum. and other rare ~ ties on all tantalum lamps sold. The lamps were marketed in this f
with a study of vanadium, niobium, tantalum, " country from 1906 to 1913,
me";a:;talum is 2 hard and heavy metal with a very high melting The tantalum lamp' was a very successful new product, even

oint, about 2850°C., and seemed to possess the desired properties k though It Was 10t quite so efficient as the osmium lamp Wlnch
l)or incandescent lighting to a greater extent than the other metals - preceded it. Its initial value of about 5.0 lumens per watt declined
cried. The material as then known was very brittle, however, and _to an average of about 4.25 lumens‘per watt throughout its use-
it conld not immediately be drawn into slender wires. It had been . ful life of 600 to 800 houts. Total life was normally about 1,000
fused for the first time only a few years previously by Henn - hours. Those values applied only for direct current, however,

Moissan in his electric furnace through the reduction of tantalic . because on alternating current the tantalum crystallized rapidly
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and became brittle. On alternating curreng,
lamp life was normally only 200 or 300
hours.

Despite the lower efficiency gnd sho'rter
life of tantalum as compared with osmium
and its weakness on a.-c. circuits, the tan-
talum lamp had several important advan—
tages which might well have made it the
standard incandescent lamp had not tung-
sten displaced it. The ductility and strength
of tantalum were great advantages, for it
could stand considerable vibration. Because
of its low electrical resistance, very slender
filaments from two to three feet in length
were required. Siemens & Halske engineers
devised a new filament arrangement on
Fra. 21. Filament Ar-  which they obtained broad master patents.
rangement of the Tan- -y, glass stem of the lamp was extended
ralum Lamp up into the bulb and small wire hooks were

The 1 tantalum fil- .
am:ntoxr;%ls 23;11;2301( placed radially around two spots on the

and forth between two  stem. Lhe filament was then strung se-
sets of radial wire sup- curely back and forth between the two
ports set into a glass  {.yo1d of hooks. The expansion and soften-
rod ing of the wire in use at its most economical
operating temperature of about 1900° C. had no serious effect, and
the lamp could be burned in any position. .

The lower cost of tantalum lamps was another important ad-
vantage over the osmium type. Even when they were ﬁrst intro-
duced, the standard 16-, 25-, and 32—candlepo_wer sizes were
priced at only about a dollar. Not many .other sizes were made.
Prices, which were very nearly the same in al'l leading countries,
were reduced to approximately sixty cents in 1907, and some
further reductions were made later. Most tantalum lamps were
made for operation on circuits of 110 volts. The resistance of
the tantalum filament, as well as other metal ﬁ_larpents: increases
as the temperature rises, so that it stands variations in voltage

quite well.
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5. The General Electric Research Laboratory and the GEM Lamp

Although most of the new filament materials were metallic, one
final attempt was made to improve carbon. The researches which
led to the development of the GEM lamp were conducted in the
General Electric Research Laboratory, which was established
at Schenectady in 1900. Before discussing the GEM lamp specifi-
cally, it is desirable to consider in some detail the factors under-
lying the establishment of the research laboratory, and its
significance. '

At the beginning of the year 1900 there was no laboratory in
the American electrical-goods industry that was capable of con-
ducting real research in the field of incandescent lighting. The
small producers of incandescent lamps had nothing to offer, for
their staffs included no more than a few design and production
engineers. The industry leaders, General Electric and Westing-
house, had larger engineering staffs which included many very
capable individuals. They were not research-minded, however,
nor were they trained in research techniques; and their work
continued in the traditional pattern of trying to make a better
carbon-filament lamp of the same general type more cheaply.
American universities at that time were also not strongly re-
search-minded, although there were some faint stirrings of a desire
to achieve scientific equality with the leading European nations.

By 1900, however, conditions in the American electrical-goods
industry had advanced to a point where there were incentives to
establish laboratories which could make definite scientific ad-
vances and at the same time produce definite commercial results.
The electrical industries had run beyond the discoveries of Davy,
Faraday, and the other great carly nineteenth-century scientists.
New discoveries in Europe were opening up new avenues of
electrical application. To retain international leadership, it was
desirable for American electrical-goods producers to conduct
fundamental investigations of their own.

Other factors were important, too. General Flectric had solidi-
fied its position in the industry. The principal consolidations had
been completed. The early absorption in commercial expansion,
financial problems, and patent litigation was over. The situation
could be viewed more broadly. Almost all the patents of the early
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and middle eightes, on which the industry had been built, had

expired. It became evident tl}at. important new patents were
necessary to General Electric if it was to retain its place at the
head of the American industry. Moreover, the European elec-
trical industries, the German . particular, were making rapid
technological strides which threatenf:d. American leadership in
the commercial applications of electricity.

The new General Electric Research Laboratory was estab-
lished with the endorsement of Charles A. Cpﬁin, pr§s1dent of
the company, and upon the initiative 'of Edwin W _Rlce, teqh-
nical director and his successor as president. Dr. Willis R. Whit-
ney, an assistant professor of chemistry at the Massachusetts
Institute of Technology, was hired as the first .leector of the
laboratory. It started operations with a staff consisting of W}_nt—
ney and an assistant. [t was set apart from routine .manufactunr}g
and sales and was to be devoted to pure and. applied research in
fields of importance to the el_ectrical—goods .mdustry. The engi-
neering and testing laboratories of the various dePartrr’lc:nts of
the company were to be unaﬂectqd by _the innovation. The re-
search men were to have broad latitude in the sele(.:tlop of protg-
lems for study. The philosophy of the New Organization was in
marked contrast to that of the usual American commerqlal labora-
tories of the time, which expected immediate financial returns
from almost every development.®

Although the G.E. Research Labc_)ratory was set up as part of
a long-range plan, there were some important immediate reasons
for the move. The situation in the 1ncandescent—'lamp'busmess
was particularly critical. The _exp?ratlon of the.basw Echson pat-
ent, the progress of gas illumination, a_nd the 1pcreasmg_volume
and success of European and domestic experiments with new
filament materials and new light sources, all spurr.ed General
Flectric to action. The acquisition by Georg'e West1nghous§ of
American rights to the Nernst lamp was p:artlcularl_y disturbing.
For several years the laboratory focqsed its attention upon the
improvement of incandescent and arc lighting. Much of the work

i ratory was founded in 1916. Until that time
thz F{‘K}}zs‘t}i‘;f;];glfsléOggfnl;:fle}jlrrcgigsblzr;el;yon Europe and on General Electric

for fundamental advances in its field. A separate lamp research laboratory was
established in 1917.
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at first was advanced engineering rather than research. The staff
was built up gradually over the years as expanding work required.

Dr. Whitney himself undertook the study of incandescent fila-
ments. Despite the fact that virtually all other experimenters were
abandoning carbon, he directed his efforts to improving the tra-
ditional carbon as well as to investigating the metals with high
melting points. During his study he developed a new type of elec-
tric resistance furnace to produce high temperatures. The changes
produced by the furnace in ordinary carbon filaments were quite
remarkable. He heated an untreated filament in an atmosphere
saturared with carbon to a temperature of about 3500°C., then
treated it with the “flashing” process and reheated it in the fur-
nace. In that way he drove off impurities found in the carbon
and changed the nature of the graphite coating of the “flashed”
filament. The final product had a hard and tough shell of purer
graphite around the base filament as a core. A Very Important
change took place in its electrical resistance, which rose with
increases in temperature like that of the metals, instead of falling
like that of ordinary carbon filaments.

The Whitney heating treatment was a successor to heat treat-
ments at much lower temperatures used during the 1880’s and
1890’s to harden the surface of carbon filaments after they had
been flashed. J. W. Howell of the General Flectric Company 1n
1893 had discovered that, above a certain temperature, ordinary
flashed filaments had rising electrical resistances although un-
flashed carbon continued to fall in resistance, and that the more
the treatment, the greater the rise in the resistance of flashed fila-
ments.” At that time, however, the very high temperatures of the
electric furnace were not available, and the new knowledge could
not be developed and put to commercial use.

The filament which resulted in 1904 from Whitney’s work
was the greatest improvement made in the carbon lamp since
1884, and no further important advance has been made. Because
in its resisrance pattern the new filament followed the metals
rather than ordinary carbon, the lamp in which it was used was

9 See John W. Howell, “Conductiv;ity of Tncandescent Carbon Filaments, and
of the Space Surrounding Them,” paper presented at Feb. 17, 1897, meeting of

American Institute of Electrical Engineers and reprinted in Electricity, Vol.
XII, pp. 117-118 (Mar. 3, 1897).
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GEM (General Electric Metallized) lamp. The GEM
gﬂﬁirﬁ?iould be(heated about 200°C. abpve the terrllper%\;}fl.ril of
the usual carbon lamp without shortening l.ar.np life. Wit ?
useful life of about 600 hours the lamp had‘ an initial efﬁmer(licy ﬁ)
approximately 4.0 lumens per watt. Its efficiency fell off gradually
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throughout life, however, as did that of lamps with ordinary
on filaments. .

Cal:fbhi1 superiority of the GEM lgmp OVer oydmary carbora%a@gs

is indicated in Fig. 22. Although it was considerably Iessle Cé ;

than the new Nernst, osmium, an.d tantalum lamps deve olf:)e . }i

German and Austrian chemists, 1t had the advantages o giﬁz—

similarity to the established standard and low cost. The 20-can
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power lamps were priced at first at only about twenty-five cents
each, and some reductions were made later. In addition, with the
strength and simplicity of its filament, the GEM had advantages
over the fragile osmium and the complicated Nernst lamps. Be-
cause of its rising temperature coefficient, the GEM could stand
variations in voltage far better than ordinary carbon lamps. The
GEM filament with its lower resistance had to be slightly longer
than the filaments used in ordinary carbon lamps, but that did
not prove to be a great obstacle in lamp design.

The new filament and the process for making it were patented
by Dr. Whitney and the General Electric Company. Their appli-
cation of February 8, 1904, was granted on March 30, 1909. GEM
lamps were commercially introduced in the United States in 1905.
Many mullions in various sizes were sold by General Electric and
its licensees until 1918, although their popularity began to de-
cline after the introduction of tungsten-filament lamps in 1907.
The GEM lamp was introduced in Great Britain by General
Electric’s affiliate, the British Thomson-Houston Company, a
few years after its American debut. Despite its popularity in the
United States, where it was strongly promoted by the General
Electric group, it did not achieve great suceess in England or in
continental Europe. The metal-filament lamps had had their
origins in Europe, and their commercial use abroad was ahead of
that in the United States. Most consumers in Europe jumped
directly from the old carbon to the metal filaments, without stop-
ping at the intermediary GEM type.™

6. The Non-Ductile Tungsten Lamp

Concurrently with the development of the tantalum and GEM
lamps and the commercial expansion of the osmium and Nernst
lamps, a fifth new lamp using tungsten was making progress. The

10 Efforts to improve the carbon lamp further were continued by a number
of workers for several years without success. In one attempt to produce a fila-
ment made entirely of pure graphite, powdered graphite mixed with an organic
binder was squirted or otherwise worked into a filament, after which the binder
was removed. General Electric developed and patented a process whereby a
cadmium-mercury or other amalgam was used with powdered graphite to form
a filament from which the amalgam was subsequently removed. Other attempts
to coat carbon with oxides, nitrides, silicides, and similar materials were also
continued and for a short time gave some promise of success.
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revival of widespread interest in ingandescent l.ight.mg around the
turn of the century had resulted in an examination of all con-
ceivable materials which might l?e used for _ﬁlaments. Among
them all, tungsten attracted most Interest. Ie Wﬂl be remembered
that Bottome and Lodyguine had Workfad with tungsten several
years earlier without success. Tungsten 1s a very hard and hfeavy
metal, whose melting point of about 3380°C. exceeds that of any
other metal and rivals that of carbon. It had been kpown to
science for over a hundred years, and after abou_t '1890 it became
available in various ores in relatively large quantities at moderate
prices. Despite 1ts apparent attractveness, .ho_weveF, its extreme
brittleness and other difficulties in forming it into filaments were
not overcome until around 1904, when a 1}umber of alternative
chemical methods of preparation were devised.

TECHNICAL DEVELOPMENT -
By 1904 several different individuals and groups were attempting
independently to make tungsten ﬁlaments fqr incandescent lalrlnps,
and many more soon became interested in the problem.’ In
Europe, the Austrians, Dr. Alexan@er Just anFl Franz Hanaman
and Dr. Hans Kuzel, were attempting on their own to develop
tungsten lamps, while Dr. Werner von Bolton and others czlmc~1
ployed by the German Siemens & Halske Company had .1nclu e
it among the additional merals which they were studying evian
as they were developing the tantalum lamp. The Austrlgn We s
bach Company was working on the use of tungsten in incan-
descent-lamp filaments. The American General Electric Com-
pany was also among the first to conduct research on tungster.
Once initial success had been obtained, the number of expen-
menters increased rapidly, particularly among the Ggrman lamp
companies and German and American private 1nventors.

i 5 Lodyguine, the prior art in tungsten
ﬁl:;n]zii;dfxfcfggega;eﬁﬁtizfl ?;)tté?lingfax?g COHI.X;%I'C.I:QI valuepbut of historical in-
terest which was granted to Carl Kellqer of _V1_enna in 1898. He proposed rnallfmg
filaments of thorium, titanium or titanium nitride, chromium, tungsten, or alloys
of the various metals by pressing powders of the substgn.ces and oxidizing t.he
surfaces of the resulting filaments. He alsq proposed mixing the powders w1§h
cellulose binders before forming and heating the filaments in a vacuum Or in

hydrogen until the carbon was converted into graphite. See Electrical Engineer-
ing, Vol. V, p. 797 (Sept. 9, 1909).
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Dr. Alexander Just and Franz Hanaman were laboratory chem-
istry assistants at the Technische Hochschule in Vienna. They
began serious work in 1902 on boron and tungsten filaments for
mcandescent lamps, and for two years they devoted their spare
tdme and meager resources to filament experimentation. Even
before 1902, however, Just had done some work on the prob-
lem, for he had been granted a patent in 1900 on a composite
filament of carbon and a refractory nitride of a metalloid such as
boron or silicon. Mixed powders of the substances were held
together by a binder such as tar, formed into filaments, and car-
bonized.

The first results of the renewed eXPEeriments were not coms-
pletely successful. Although filaments of boronitrate showed im-
proved efficiencies over carbon, they had a very short life. Greater
success was achieved with tungsten, and the priority of Just and
Hanaman in the development of a satisfactory tungsten filament
represented the most important single advance in lamp efficiency
in the history of incandescent lighting. By the end of 1904, Just
and Hanaman had devised two successful chemical processes for
making tungsten into fine wire. -

In the first process tungsren was deposited on a very slender
carbon filament. Just and Hanaman used an atmosphere of tung-
sten oxychloride in the presence of a small amount of hydrogen.
Pure tungsten was deposited on the carbon, and the carbon was
dissolved and oxidized out. At the end of the process a tube of
pure tungsten remained. The substitution idea was by no means
new, for a number of carlier experimenters had attempted to em-
ploy it with various metals and other substances. Welsbach and
his co-workers had worked with it in their experiments with
osmium only a few years previously. Just and Hanaman were
the first to apply it successfully to any material, however; they
obtained virtually pure tungsten by the method.

The second process developed by the Austrian chemists was
an adaptation of the sintering process which Welsbach had de-
vised for the osmium filament. Powdered tangsten was mixed
into a paste with an organic binder. It was then squirted through
a die, baked and sintered in an atmosphere of hydrogen, nitrogen,
and water vapor. The binder was removed during the heating.
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Both of the Just and Flanaman processes produced Verylfragﬂe
filaments; yet they gave initial efficiencies of about 7.85 i}lr{j;rfls
er watt which were fairly well maintained through a usefu bl e
of around 800 hours. This was far.better than the bestdcarT(l)n
or any other incandescent lamp which had yet begr_l m]? }e. le
efficiency of carbon was less tha1'1 half as great, and its g : 11; 011 -
ut fell off considerably over a hfe of abeut 600 heurs: ike the
other metals, tungsten had a rrlsu.lg resistance with ﬁnclreaimg
temperature and withstood variations 1 voltage Wel - t? ow
resistance made long filaments ne.cessary,.however, an tl e amlps
had to be burned base up until later 1mProvementsE<.elpt “16
heated wire from softening and sagging disastrously. Hither }211 -
ternating or direct current cquld be used, althopgh somew.bzllt
longer life was obtained on direct 202110rren1tt; and it was possible
s for potentials up to volts.
© Ir)nra.kgjrrlszuzeF of Viennf develqped a process sorunewhat
similar to the Just and Hanaman sintering method by Wlnclh (?la—
ments could be made from a great variety oi': metals.? including
tungsten. He omitted the organie binder, using only Wat(;er }tlo
hold together his paste of colloidal tungsten. He formed the
colloidal mass by striking an arc between e%ectrodes of tuggsten
under water. The paste was pressed or squirted through l'esdto
form the filament, dried and sintered,_ zm_d there was no b1§ er
other than water to be removed. His principal work was also 01116
by 1904, although his processes were subsequently Hiiprove )
Lamps made from his ﬁlamentsi had roughly the same character-
istl ust and Hanaman lamps. “
IStléshzset}}lliig successful method of making non-ductile tungs/ter%
filaments was developed by Fritz Blau and Hermann R]elmhz;line 01f
the Austrian Welsbach Company. Auer von Welsbae mlst:
had nothing to do with this ir.nproven?ent over osngllum. J u;fl
Welsbach Company continued its experiments afte.r ﬁ }ei 0§mlelt—
Jamp had been perfected and studied other metals with hig mThe
ing points, including molybdenum, tantalum, and tungstein:n ef_.
engineers found that osmium filaments could be m((:ir.easle 1 o
ficiency by adding a percentage of tungsten. Accor ‘}ng Y, ?:’,n o
fications of the osmium lamp which were called osrfllm o
“osmin” lamps were placed on the market. At first they
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tained a small percentage of osmium and a fairly large percentage
of tungsten. It is apparent, however, that the superior charac-
teristics and lower cost of tungsten made the greatest Improve-
ment in osmium when the osmium was displaced entirely. The
osram lamp socon was composed of pure tungsten. The Welsbach
Company used the sintering process for making its tungsten fila-
ments. In one method tangsten trioxide was treated with an ex-
cess of ammonia to form 2 paste. Another method was the
sintering of pressed metallic powder. The osram lamp also had
the general characteristics of the Just and Hanaman tungsten
lamp.

Siemens & Halske also experimented with tungsten. Von Bol-
ton had made the metal tantalum ductile by purifying it. It
seemed that other metals might make even better filaments, if
formed into wires. Moreover, it seemed possible that some of these
metals might be made as ductile as tantalum if they could be
purified. Accordingly, von Bolton applied for a patent in 1904
to cover the use in incandescent lamps of purified ductile wires
of a large number of metals, including tungsten. He did not, how-
ever, give a process by which this might satisfactorily be done.
He merely claimed that tungsten, thorium, titanium, zirconium,
or their alloys might be drawn into wires from sintered rods or
compressed powder. Later patents of Siemens & Halske suggested
the addition of smali proportions of iron, cobalt, or nickel to in-
crease the mecals’ ductility during drawing, after which the un-
desired metals were to be removed before use in lamps.

INTRODUCTION IN EUROPE

All the inventors applied for patents covering their inventions
in various countries, and within a few years the competition
among the alternative mechods of making tungsten filaments be-
came intense. Just and Hanaman made the first applications. They
were granted European patents on their deposition method, but
they were not successful in patenting their adaptation of the
Welsbach paste and sintering process in Germany, Austria, and
other countries which required considerable novelty for patenta-
bility. To obtain patent protection, Just and Hanaman used the
deposition technique in their commercial lamps. They persuaded
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the Vereinigte Glithlampen und Flektrizitits Aktien-Gesellschaft
of Ujpest, Hungary, an established manufacturer of carbon
lamps, to produce 1t, and their tungsten-filament lamp appeared
on the European market in September, 1906.12

The osram lamp developed by the Austrian Welsbach Com-
pany was introduced to the Furopean market even earlier than
the Just and Hanaman lamp; it appeared during the summer of
1906. The German Welsbach Company acquired the osram pat-
ents, as well as the patents for the original osmium lamp, and
manufactared and promoted the new product in Germany; it
licensed other producers abroad. The Austrian company 1tself
continued to make the osmin lamp.

For a short time the Just and Hanaman and the Welsbach lamps
were the principal ones on the market, although the Kuzel lamp
also had been introduced in 1906 by the Gebriider Pintsch of
Berlin. After about 1908 there was a great increase in the variety
of tungsten lamps on the European market, particularly in Ger-
many. One outstanding development was the “Z” lamp of the
Germans Hollefreund and Zernig. Dr. Hollefreund had mtro-
duced a zirconium lamp in 1906 which employed a filament of
carbon coated with zirconium.®* When it did not prove to be
satisfactory, Dr. Zernig showed how to improve it by the addi-
tion of tungsten. The new lamp, with a filament made by the
squirted paste and sintering process, was called the zircon or “Z”
lamp and was made by the Zircon Syndicate, an amalgamation of
the original Hollefreund Company with Dr. Zernig. Like the
osram lamp, it was soon greatly improved by leaving out the zir-
contum altogether and using pure tungsten.

The American Westinghouse Electric & Manufacturing Com-
pany entered the European tungsten-lamp field through the pur-
chase of the Austrian Welsbach Company in 1906 and the
acquisition of rights for the manufacture of the osmin lamp. It
also set up companies to make tungsten lamps in other countries

12 The Hungarian company owned licenses for Austria, Hungary, Russia,
Belgium, Italy, Spain, and Portugal. Other producers were Iicensed in the re-

maining European countries. In Germany the patent rights were bought by a
group of Augsburg financiers, and the lamp was manufactured by Georg

Liidecke & Company.
13 The coated filament was shortly replaced by zirconinm carbide.
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;zgrsc'?jlducted a profitable European business for a number of
Dozens of alternative chemical processes were developed in
Europe for making non-ductile tungsten filaments, and man
were us;d commercially. They all fitted into one o;r another o}g
fou{ major types, however: (a) substitution, (b) paste with or-
ganic binder, (c) colloidal paste, and (d) alloy or amalgam binder
In the last process, the powdered tungsten was mixed with other-
metals or amalgams during the formation of the filament. The
great number of competing patents and the reluctance of Gérrnan
a1;d ot]réei1 cintinental courts to uphold broad basic patent claims
evented the or
Et revented the rg:r lguwrtohpg.f an early patent monopoly on the tung-
Progress in lightipg with tungsten-filament lamps was rapid in
Europe.TFpr one thing, electric current was more expensive than
i the Dmt;d States, and there was a greater inducement to use
larnps of high efficiency. For another, competition among the
various makers of tungsten lamps as well as among tungste;g{r and
the othe.r metallic-filament lamps was more active on the conti-
nent. erces were held to relatively low levels. Low prices had a
deleterious effect on quality, however, as in the case of the carbon
h'mp. Metal-filament lamp production in Germany was not stab-
ilized until the formation of the Drahtkonzern in 1911 i
French and British producers made no important co‘ntributions
to the tungsten lamp. The French market was exploited for vears
gy foreign ﬁrms or their French affiliates. In Great Britain the
eneral Electric Company, Ltd., purchased the osram and Just
and Hanaman patent rights and eventually secured a strong pa:cent
monopoly in tu'ngsten—lamp production. Other British producers
also employed imported techniques of filament preparation unil
the Just and Hanaman patent was upheld.’s

14 Although Westinghouse owned th i i »
_ e osmin patent rights for th i
States, they were of little value against the controlPl)ing tunggsten—ﬁ(l)amerft I.:Illtntetd
acg;xgtlac}l by General Electric. ptens
though it appeared that the Just and Hanam
B ] an patent had b ful
let;%it}fd when the Tgngsten Lamp Association was forrneg in 1912, thee;?irtlua?iér};
v ro:iivn_o_pen again mn 1915 when the British House of Lords heard an appeal
om a decision of the lower courts. It was held that the Just and Hangrfx)ian

patent disclosed a process and
patent disclos madg ol ;(r)lne.not a product, and the tungsten filament could
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Germany under the Just and Hanaman pat-
ents. The American “Z” Electric Lamp
Company, the Bergmann FElektrizitits- r ‘
Werke and other German producers also

sold some foreign-made lamps in the United
States for a few years. The potential foreign
competition seems to have been at least |
partly responsible for the increase in tariff ‘
rates for electric lamps in 1909 from 35 to
45 and 60 per cent of value.

In the United States both the squirting
process and the colloidal process of making
non-ductile tungsten were used commer-
cially, as well as an amalgam process de-
veloped in 1906 by Dr. William D. Cool-
idge of the General Electric Research
L:amboratory.18 This was an adaptation of the
amalgam process developed for use with
carbon. In the Coolidge process a mixture This early tungsten
of powdered tungsten and a cadmium- lamp contained a sin-
mercury amalgam were squirted through tered filament operat-
a die, and the amalgam was removed by 8" 2 vacuum

volatilization at a high temperature to leave virtually pure tung-
sten.

The patent situation in the United States was highly compli-
cated. Just and Hanaman had applied for British and French pat-
ents on November 4, 1904. At that time they had not sufficient
funds to apply for patents in the United States and certain other
European countries. Before July 6, 1905, when they were able
to make their American application, both von Bolton and Kuzel
had made American applications, von Bolton on November 10,
1904, and Kuzel on January 4, 1905.

A fourth party, the independent American inventor John Allen
Heany, of York, Pennsylvania, had also made conflicting claims
for the tungsten filament. He had been working for many years

Fre. 23. Tungsten-Fil-
ament Lamp, 1907

18 Coolidge was an assistant professor of physicochemical research at the Mas-
sachusetts Institute of Technology when he was prevailed upon by Whitfiey to

“join the General Electric research staff in 1905, He became assistanit director of

the G.E. Research Laboratory in 1908.
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with tungsten, titanium, chro'mium,‘ molybdenumﬁ :m?l vz;g;)tl;s
other metals, with metallic oxides, r}ltrldes‘, and stll ot Ie_; 2 -
rials in his efforts to improve the incandescent 1:1r‘npc;)04 is (fSt
patent application had been made.on December 2d9, “l'om’ s?thz
few patents had been granted to him by 1907 03 ;VISIGVé of the
original application. In 1908 it was discovere , oviiad aitered
Heany’s patent attorney and a Patent O,?ﬁcic§ egam}nerh  Plrered
Patent Office records to show Heany's prionty n t 16{ e\i pd
ment of processes covered by the ]usfc and Hana(rlna%h uiso,r r:::
other applications. All three men were md}cted. : e as imcy
and the Patent Office examiner were convicte }O{ con 1Pim 6}1’5
forgery, and the destruc'tion of oﬁic;al records.h Aea?yi nial asct;
was acquitted, although it was e'stabh_shed that the cﬂ}trln 2t
of the others had been done with his knowledge. enpg en Cs1
which had been issued to Heany were subs‘equentlybannu e ,f 'ir}lle
all his pending applications were re]ected in 1911 because o
fra%ié rejection of Heany’s aPplipations dissolv_ed (tlhehlntlgrger;
ence with other pending applications :.md permitted t .el t? en
Office to resume 1ts regular procedure. n connecuoill \371'; h them.
Von Bolton’s application gave no satlsfactgry met do. or F})lri_}
ducing a ductile tungsten wire, whlgh he clal.med, an 1 it w?is eof
by the Patent Office to be inoperative. Despite their ater iatte of
application, Just and Hanaman were able to pro;lfe pri'or ty f
invention with the date of their British and French applications.
They were finally granted_ their fundam.ental Americlan %ateé};tl
on February 27, 1912, while the applications of Kuzel and v
were denied. '
Boi‘:ftr}llough the General Ele':C'Fr'ic Company had set upﬁ1lts 06\37;
research laboratory and had initiated Wo_rk on tungst}eln amd N
too late to make any fundamental contr1but1on§ on the non—f 1t1he
tile tungsten filament, it had been alert to the 1mpor'gmce ({usive
foreign developments. It had be.en eager to s?fcure the e;—”ilcamem
American rights for the production anq sal.e 0 tungls(;egl— et
lamps. Not knowing which of. the apPhcatlons wou ; gé"a;) ed
and not desiring to delay action unFﬂ the legal status Aa e n
ascertained, General Flectric started in 1906 to buy t_he meri ql.n
patent applications of all the cor_ltend_mg Furopean mve(riltors, i
order to be sure to have the victorious one. As already me
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tioned, $100,000 was paid to the German Welsbach Company
for rights on its tungsten-filament inventions. In 1909 General
Electric paid $170,000 to the Bergmann Flektrizitits-Werke of
Berlin for an option which it later exercised on the American
rights for all the company’s inventions and applications covering
incandescent lamps and their methods of production. After the
sale of its American rights, Bergmann stopped selling incandes-
cent lamps in the United States.

General Electric also bought the patent applications and inven-
tions of Just and Hanaman and of Kuzel in 1909. It paid $250,000
for the former and $240,000 for the latter. In its attempt to gain
control of the tungsten-filament lamp, General Flectric had even
secured in 1904 an option on the work of Heany, which it
dropped on satisfying itself that he had produced nothing of
value. The total cash consideration paid out by General Flectric
for the patent applications mentioned was $760,000. Subsequent
events proved it to be an extremely profitable investment.

The change-over from carbon lamps to tungsten-filament lamps
was slower in the United States than in continental Europe. Some
reasons have already been given—the later introduction, lack of
competition, higher lamp prices, and lower cost of electric cur-
rent. There was one additional factor of great importance. The
American policy of free lamp renewal by the central-electric
stations was an obstacle, for the central stations were afraid of
the effects of the more efficient lamp on their revenues. For some

years they were reluctant to encourage use of the new lamps,
and consumers accustomed to free carbon lamps were unwilling
to buy tungsten lamps. Eventually the electric companies discov-
ered that tungsten tamps, as well as tantalum and other more effi-
cient varieties, had no real downward effect on lighting load, for
consumers took the Opportunity to improve their lighting racher
than decrease their bills. In fact, through education to higher
levels of illumination, tungsten lamps became load builders, The
same discovery was made in Great Brirain, where central-station -
executives had been even more upset over possible load losses.

The substitution of tungsten for carbon did have a significant
effect on the method of distribution of electric lamps in the United
States, however. Central stations generally charged for the tung-
sten lamps while continuing for a number of years to supply free
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carbon lamps. Since customers had to pay for the newer type, nor-
mal wholesale and retail selling of tungsten lamps was encoura\:g_ea.,

Finally, it should be pointed out that the lack of lcompt?;mt(fln
and the high prices charged for tungst'erll—ﬁlamen_t ;mpff i e
United States did not constitute an unmitigated evil. Profits Wei:g
high, to be sure, and the public paid more for 1_ar_nps %;}an it \gfolu
have paid under more nearly p(?rfegt competition. 1 ‘erert 3 :iss?
the public was buying electric 'hghtmg_, not lamps 51 olne, zamat irxle
absence of competition and price cutting remove the grel_ -
centives for cost reduction which resu'lted in low lamp quality in
Germany and other European countries. lelere_ 1amt}))'ﬁ:osts f}(:p:
resented less than 10 per cent of the total hghtmg il, ;115 t{;:ly
usually did, high quality was of even greater importance than the
prices charged for lamps.

7. The Ductile Tungsten Lamp

Notwithstanding all the attention. lavished upon tur{g_st:n'tf;sg
1900 to 1908, the processes de§cr1bed ajbove for ma1 <1nf% 1
filaments left it brittle and fragile. In spite of its high ¢ uencyi
it was not able to stand rough usage. Even though th; meta
seemed to be pure, it could not be drawn into a wire or (‘)t e.rw1s§
formed into a strong flexible filament." Tl:ns problem coxltfnqe
to hold the attention of experimenters trymg to improve the in-
nt lamp. _ '
Caréiiﬁisful pfoduction of ductile tungsten wire wlas gclneveg
in the General Electric Research Laboratory. It was t 1§ Ist Oﬁ; ;
standing technical triumph of the laboratory. It.w:lll e' rec? d
that Dr. William D. Coolidge had by 1906 devised an ama gia
process for making non-ductile tungsten. The early e>2)1er1metn ir_l
tion had also produced a smteregl tungsten—thonum 1 amen ,Ce
which thorium oxide was used to increase .the electrica resxsltlar}d 1
Still other processes were st}ldied, including the use Qfl C? én H?e
- pastes and of various metal binders such as copper or mg <eh. é)
metallic binders, as well as certain amalgams, increase ﬁfl e ufs-
tility of tungsten and permitted it to be drawn into filaments.

19 (l € - € W to VOlta (9
In ﬁ.d 1101, th non: ductll tungsten ﬁlament as hard to make g
eC ﬁc 1led to I.'Oduce a C()Ilcentrated
Sp 1 ations, and the ﬁlament COUld not be CO. p

light source.
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After the associated metals were removed, however, for use as 2
lamp filament, the tungsten was as brittle and fragile as before.

It became evident that 2 new avenue of approach was necessar
if ductile tungsten was ever to be obtained. A General Flectric
group under Dr. Coolidge’s direction tried an entirely new idea.
With the assistance of Dr. Colin G. Fink, Coolidge discovered in
1908 that molybdenum could be made ductile by hammering,
rolling, drawing, and otherwise mechanically working the pure
metal while it was hot. Molybdenum has a melting point of
2500°C. and 1s similar to tungsten. It had not been used in com-
mercial incandescent lamps, although early experimenters had fre-
quently worked with it. It seemed logical that a method which
would make it ductile would work for tungsten. That was found
to be true.

Dr. Coolidge devoted two more years to finding a method of
making ductile tungsten which could be used commercially. The
essence of the final method was the repeated heating and hot swag-
ing of the metal to increase its malleability and strength until very
fine and flexible wires could be drawn through heated dies. Cool-
idge applied for an American patent covering the specific process
June 19, 1912, and it was granted December 30, 1913.2° Over a
period of years patents were also obtained in other countries.

The effort devoted to producing ductile tungsten between
1906 and 1911 is well indicated by an annual breakdown of the
total of $116,856 spent by General Electric on this development:

1906 $ 5,720
1907 14,323
1908 5017
1909 29,920
1910 54,084
i 7,792

During the year 1910 the outlay was one-third of the total ex-
penditures of the entire General Electric Research Laboratory.
It is noteworthy that this highly important research, conducted
in its own laboratories, cost the General Flectric Company only

?0The 1912 application was in part an extension of four earlier applications.
dating from 1906.
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about one-seventh as much as it spent in securing the American
patent rights for the non-ductile tungsten filament. G
Perhaps the most significant discovery made by the (seneral
Electric workers in their investigation was that tungsten agd
molybdenum behave quite differently from most other metals in
regard to working temperatures. Most metals can be Wgﬂceq best
when heated above their annealing points. Their ductility is re-
duced when worked at lower temperatures. ‘Tungsten, on the
contrary, becomes more ductile when it is Worked bel.oxg its an-
nealing temperature. When worked above that point, it becomes
brittle upon cooling. It was found tha!_t the best initial tempdera-
ture, which was just below the anneahng temperature, could be
reduced as working progressed and ductility was increased. Duc-

tile tungsten is fibrous, whereas brittle tungsten is crystalline,

Ordinary ductile metals may be drawn in a crystalline state, aqd
when their workability decreases.they may be made ductile again
by being heated to their anneahng. temperatures and 'recr.ystalci
lized. Heating tungsten to its annealing point recrystallizes it an
also makes it brittle. It was because of these facts that the drawing
of tungsten wire presented such a difficult problem for so many
years. .

Werner von Bolton of the Siemens & Halske Compaqy seems
to have been the closest of all the earlier workers to making duc-
tile tungsten. He had recognized that pure tungsten was neces-
sary for ductility, but he had failed to rqahze that mechgnlcal
working and heat treatment were also required. _In the cont_mued
search for ductility, the Siemens & Halske chemists and.eng.meers
had tried a number of schemes. They had used metalllc bmdﬁ:rs
for tungsten which made the mixture ductile during the drawing

rocess, after which the binder was removed. Althoug}} lamps
using those filaments were advertised as “dfawn-tungsten ,l’amps,
the wire was not truly ductile. Another flrawn ﬁ_lament 1}sed
by Siemens & Halske employed a tube of a ductile metal into
which tungsten was packed. The filled tube was then drawn and
rolled after which the outer shell was dissolved off to leave pure
tungsten. Many other workers had z_tl;o attemptfzd to overcome
the brittleness of tungsten, for the utility and desirability of duc-
tile tungsten wire were apparent. None of the others had been
successful.
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The first public announcement of ductle tungsten wire was
made by General Electric in 1910. The process developed by the
research laboratory was turned over to the company’s lamp de-
partment for commercial use; and in 1911 incandescent lamps
using the flexible wire were placed on the market. They replaced
those using the non-ductile tungsten filament. They were called
Mazda B lamps, which meant that they were the product of the
latest technical discoveries of American lamp-research laborato-
ries.” By 1911 tungsten lamps of 25, 40, 60, 100, and 150 watts
were available, and other sizes followed shortly.

The new tungsten lamps were strong and durable, and in addi-
tion they gave increased initial efficiencies of around 10.0 lumens
per watt which were fairly well maintained over a useful life of
about 1,000 hours. Lamps with drawn-wire tungsten were found
to blacken more quickly than those with pressed filaments, how-
ever. The filaments were mounted on hooks radiating about the
stem as in tantalum lamps, and the lamps could be burned in an
position. It was possible to coil the ductile wire, and very shortly
automobile headlight lamps and other focusing lamps were placed
on the market. Miniature lamps for flashlights and similar pur-
poses received a great boost. Drawn-wire filaments were also
cheaper to make than the non-ductile type, and tungsten-lamp
prices were reduced (see Table XX on page 269). A further ad-
vantage lay in the fact that the wire could be drawn to the desired
diameters so accurately that control over lamp voltages was

greatly improved.??

The drawn-tungsten filament was introduced in Europe onl
a short time after commercialization began in the United States.
The British Thomson-Houston Company held the British patent
rights, and it was those holdings which permitted it to join with
the British General Electric Company and the Siemens Brothers

21If General Electric or one of its affiliates had been the original inventor of
the non-ductile tungsten lamp, that lamp would probably have been known as
the Mazda A famp.

22t will be recalled that carbon filaments were not subject to close control
in manufacture, so that each lamp had to be tested to determine its proper volt-
age. Because of the variations in lamps, there was a great diversity of voltages in
general use and an uneconomical multiplication of varieties of lamps and other
equipment. After the development of the drawn-tungsten filament, the number
of voltages in use was largely reduced to 110, 115, and 120 as standards.
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Dynamo Works in organizing and licensing the other producers
ofytungsten lamps ingEnglangd. Simila_rly, in Germany, AE.G.
obtained the primary rights to the ductile tungsten filament under
the terms of its 1904 license agreement with the American Gen-
eral Electric Company. The German Welsbach Co;npany and
Siemens & Flalske were also permitted to make ductile tungsten
lamps by the 1911 agreements among the founders of tl}e Draht-
konzern. The German companies and General Electric poqled
their patents so that each of them could make the best possible
lamp with ductile tungsten wire and with the Siemens & Halske
mounting method, which had originally been developed for the
tantalum lamp.

8. Other Lamps

The introduction of the drawn-tungsten ﬁlgmen’c in 1911 is .the
last important change which has taken place in ﬁlamen.t materials.
Nevertheless, experiments on a numbe.r of'o'cher metallic and non-
metallic materials were continued during its devel(_)pmept and f(;g
some years afterwards. In the words of Barham written in 1912:

It will be remembered that there are many electroch_emlsts and
engineers who are still firmly convinced that the metallic filament
lamp is merely a stop-gap, as it were, and that befmjf1 rtr)lany yearr_i;
possibly even before many mpr}ths, ‘lamp—make_rs wil | e_ls_rc WO
again on carbon, either graphitized in connection with silicon, or
combined with some other element Whl.Ch shall render it mo}”eh re-
fractory, and so able to withstand a higher tempergt\ﬁrle, wit Quﬁ
volatilizing or being unduly weakened, than that at which lamps wit
tantalum or tungsten filaments can be operated.

Two developments in the direction Barham mentions are of im-
portance and should be discussed briefly. _  Rudolf
Reference has already been n.mde to t.he. experiments {? u 0d
Langhans begun around _1888 n comblmpg carbon, si {con, gﬁ :
boron in varying proportions to produce incandescent- zglp tla-
ments. His work in the United States for the Thomson—U ous oe 7
Electric Company did not lead to a rparketgble lamﬁ). ° ponoie_
turning to Europe, he was successful in making further impr

23 Op. cit., p- 184

3
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ments which led in 1899 to the introduction in England of the
Langhans silicon-carbide lamp by the Premier Electric Lam
Syndicate. The silicon carbide was made into a filament by the
squirting process and then was coated with silicon and carbon b
the flashing process. The lamp was sold on a limited basis for a
short time.

The ideas of Langhans were further pursued by the Americans
Herschel C. Parker and Walter G. Clark. Parker was a professor
at Columbia University, and Clark was an electrical engineer. In
1907 the two men studied all likely filament materials and decided
that a composite material having “the high eﬁ‘iciency of the metal
and the durability of the carbon filaments” was what was required.
They produced a composite filament with a carbon base coated
with silicon or silicon carbide by the flashing technique. Such fila-
ments were used in the “Helion” lamp, which was put out in small

TasLe XITI: OTHER PROPOSED FILAMENT MATERIALS
18981910«

Date Inventor Country

1898 | FL. S. Maxim England

Filament Material

Carbon impregnated with various min-
erals

18991 O. M. Thowless| United States | Carbon coated with metallic oxides

1899 T. A. Edison United States | Mixture of carbon and metallic oxides

1899 | F. M. F. Cazin | United States | Carbon covered with copper and oxide

coatings

1899 o Germany Metal coated with nitrates of rare earths

1899 W, L. Voelker | Fngland Uranium carbide and thorium carbide

1900 G, Alefeld Germany Platinam group metals coated with rare

‘ earth oxides

1900{ 5. B. Husselman| United States | Asbestos coated with compound of
aluminum and iodine

19001 C. Kellner Austria Thorium with oxidized surface

1902, W. L. Voelker |England Titanium carbide

1902 | F. de Mare Belgium Core of magnesia flashed in hydrocar-
bon

1908| O. M. Thowless| United States | Tube of tantalum or similar metal comn-

taining powdered thoria, etc.

1909| C. Trenzen and | England Metallic titanium
F. R. Pope
1916 H. Malachowski Germany Carbon coated with antimony or arsenic

2 This tabulation inclades only a few examples of the many proposed filament
materials which did not achieve the commercial success of the Nernst, osmium,
tantalum, GEM, and tungsten lamps.
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Chapter VIII: OTHER TECHNOLOGICAL
DEVELOPMENTS IN ELECTRIC LIGHT-
ING: 1897-1912

1. Design and Methods Improvements in Incandescent-Lamp
Making

Tue period from 1897 to 1912 was of importauce in the
technical evolution of incandescent electric lighting primarily
because of the rapid improvement in filament materials which
took place. Nevertheless, significant progress was made in other
aspects of lamp design and in manufacturing processes. Changes
were made which reduced premature lamp failures, permitted
more extensive lamp use, lowered lamp costs, and otherwise im-
proved lamp performance. New lamp styles were developed for
special uses, and advances in electrical generation and transmis-
sion greatly reduced lighting COsts.

SOURCES OF DESIGN AND METHODS IMPROVEMENTS

Relative progress among lamp—producing countries was some-
what different in the various phases of lamp design and process
improvement. Moreover, the introduction of new filament mate-
rials, new lamp designs, new lamp parts, and new processes of
parts manufacture and lamp assembly did not take place at ex-
actly the same time in all firms of the incandescent—lamp industry,
either domestically or internationally. As was indicated in the pre-

~ ceding chapter, inventors outside the electric-lighting industry

in Germany and Austria made the first advances in new filament
materials. Large companies in Germany and the United States
took over the burden of filament development a few years later.
No other country made an important contribution in that direc-
tion. Lamp producers and independent inventors in Germany and
the United States were also the leaders in the progress of such

phases of lamp design as the composition of lead-in wires and the
. . use of getters. The American lamp industry led the world in lamp

201




202 The Electric-Lamp Industry

izati . A genu-
standardization and the mechanlzatton of lamp assernilifhe Ugnited
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example, indicates that competition alone is no guarantee of prog-
ress. In fact, too keen competition may well discourage innova-
tion through a cutting off of funds for research and advanced
engineering. Both incentives for innovation and the ability to
produce results are necessary. Despite the lightness of pressure
on lamp costs through market competition, the General Flectric
Company was encouraged to mechanize and improve lamp as-
sembly processes by the high wage rates paid in relation to Furo-
pean wage rates, by the company’s well developed profit urge,

and by the potential threat of greater market competition if it did
not retain its technological leadership.

STANDARDIZATION IN INCANDESCENT LIGHTING

One of the first problems which confronted the American incan-
descent—lamp industry in 1897 was the diversity of lamp bases and
sockets. Fach producer had originally developed his own design,
and the lamps of the various manufacturers were not interchange-
able without special adapters. That was unquestionably wasteful,
requiring uneconomically large inventories and inconveniencing
the consumer.
There were over a dozen different base styles in use during the
nineties. By 1900, however, about 70 per cent of lamps sold em-
ployed the Edison screw base, about 15 per cent used the West-
inghouse base, 10 per cent used the Thomson-Houston base, and
the remaining § per cent employed the various other types still
in use. It seemed desirable to accept the Edison base as standard,
because of its greater use and its simplicity. Industry-wide coop-
eration and a vigorous campaign for replacing some sockets and
using adapters with the rest made it possible to eliminate all other
styles within a very few years. The more rapid concentration of
the American lamp industry permitted it to standardize bases be-
fore the European nations. That was one important benefit from
coordinated industry action. Later, the lamp producers in most
other countries got together and standardized one or a very few
types of base. The Edison screw base was adopted in many nations.
In 1900 the Edison base was improved by replacing the plaster
of Paris binder which had been employed since 1881 to hold the

1on. The tendency of plaster of
Paris to absorb moisture and pull loose from the bulb made its
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elimination desirable. A new base was devel(.)pedl 1nd'\xl;h1c}(1)rz};e
screw shell and tip were fastened together and insu alte ] r}rfl P Th;
lain, while a Waterproof cement held .the base to ﬁ he : ir}z.lam
follz)wing year, 1901, saw the ﬁn;l lrrilportapt ;: ;?Egmvmeng
lain. Furcher mino )
bases, as glass replaced porce
have’beef made }i)n the cement employedd, a‘r%;i. Ef kcl:OL‘l;Ziesrgizﬁ
i 1 n developed. With the
bases of various kinds have bee ' ped. erproof
base outdoor illumination and sign lighting were greatly
couraged. . . ‘ .
Thg standardization movement n t}klle [{mtedb State’sr \g:.rseaweari
t in more than lamp bases. ]
of the European movemen ; ascs. | here were
-di n of lamp styles an ,
calls for the standardizatio . : ons, of
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i ient voltage accuracy to m .
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tion was slow until after 1912.

MECHANIZATION OF LAMP ASSEMBLY .
f rapid mech-
h r 1896 there followed about ten years o mech-
ilfitzzitorf i};e?che United States in the groceszes fotr1 gsszfjnf(}i?fnlzf
ted to the 1 )
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in 1903. The stem-making machine assembled the glass stem,
lead-in wires, and filament supports. The tubulating machine made
a small hole in the round end of the bulb about which a glass tube
was attached for exhausting the air from the bulb when the fla-
ment had been sealed in. Other machines were also constructed,
including one for flaring the glass tubing used in stem making.
Greatly improved mechanical vacuum pumps, developed by com-
panies outside the lamp industry, became available around 1900.
There is no evidence of resistance by American workers to the
original introduction of labor—saving machinery in the lamp in-
dustry. At that time output was expanding so rapidly that pro-
ductivity would have had to increase tremendously to keep u
with production. Around 3,800 workers were employed by the
General Flectric lamp works alone in 1904, and there seems to
have been litte if any actual displacement of workers by ma-
chines. The employment of women for most assembly work was
also a favorable factor in speeding mechanization. Turnover was
rapid; the workers were unorganized; and the low skills required

for machine operation permitted rapid training and the payment
of low wage rates.

LEAD-IN WIRES, GETTERS, AND ELIMINATION OF THE TIP %
One essential part of the incandescent lamp, the lead-in wire, was
considerably improved early in the twenteth century. Platinum
was still being used by most lamp makers in 1897, for it was still
the only material known which was 2 good conductor of elec-
tricity, adhered well to glass, and had essentially the same coefli-
cient of expansion as that of glass. Producers in some countries
where lamp prices were very low, like Germany and France, had
reduced the amount of platinum required by using the three-part
“Siemens” lead-in wire with only a very short piece of platinum
in the center to pass through the glass. Other producers, including

1Hand or semiautomatic mold-blowing of lead
lamps continued in the United States throughout ¢
Nevertheless, minor improvements in glass making
further cost reductions for incandescent lamnps.

2 There were, of course, other improvements in the detajls of lamp design,
such as the use of molybdenum wires to support the tungsten filament and im-

proved methods of attaching the filament to the lead-in wires. The changes
discussed here are only those of greatest significance.

-glass bulbs for incandescent
he entire period 1897 to 1912,
and handling resulted in some
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the British, were somewhat slower in reducing platinum require-
mcKEér 1897 somewhat greater success was achieved with }luéalt;—
num substitutes, and the degree of success }ncgc'ascd ng;opatcné
’ in an
important new roposal was containe . :
Th?G?lﬁ{cliﬁw and Dun}zas of the German Fqltcn—GqﬂLea;q:en
;)ahmcycr company. Guilleaume suggcfstcd usmgnaasmglaii;llucr)n
i ansio .
hich had the same coefficient o expar
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eliminated platinum entirely from lca(%)—m vv.nrcs.fo:1 gWi?:S ;Vhich
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lamps and lowered productlon co ) ° cs which
i T led in atmospheres o
the cufrent to filaments sea .
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iam‘})s of low quality and only in contn;llc_ntal ]'Eum}f)e.coppcr .
1 - ire o
tially satisfactory low-cost lead-in w i
def}elgﬁed irzf 1905 by John H. Guest of Brook(lly_ne. Cogpcrcgi
latinum, and it is a fine -
well to glass, even better thap P : > con
Sizctsc)r of clgctricity, although its coefficient of egp;msmnd ii
greater than that of glass. Guest ﬂattcncthhE wire an1 doi:?oe -~
1 ine in that porvon which was seale
into an attenuated ring in that p ; into the
i i he copper wire was only on
s. The required diameter of t t
sg,iiltsg that of Slatinum, and the seal normally held a vacuum quite

well. The different rates of expansion and contraction usually did

i ments
not pull the thin copper away from the glass. Latcr qrgprov:helcss
mad}:: this sort of lead-in wire even more reliable. Never \

in 1910 most American lamps still employed small quantities of

platinum for the portion of the lead-in wire which passed through’

the glass. “ . , . . -
Agnothcr partial substitute for platinum in lead-in wires

the composite wire developed in 1911 by Dr. Byron Ensfcj(lidchd;
2 New York consulting engineer. His 1cad'—m wire cor;s1 ofa
sckel-iron core, to which was added a thin coating 0 coppd. ,
n'llc lating, and finally a platinum sheath. Thc intermediate
. Ve?nps wergt; used to join the core and the platlnurp, for t'hc two
zgitlld iot be joined directly. A specific patent on this lead-in wire
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and the method of making it was applied for in October, 1911,
and granted in December, 1913, based on previous broader pat-
ents. Eldred sold his patents to General Electric, although he
reserved limited license rights for himself. The commercial use
of the wire in incandescent lamps extended from 1911 to 1913,
The ideas of Crookes, Fldred, and others regarding the use of a
composite wire were improved upon by Dr. Colin G. Fink of
General Flectric’s Schenectady Laboratory, who developed the
first complete and fully satisfactory substitute for platinum in
1912. He covered a nickel-iron core with a thin copper coating,
a sheath of brass, and then a sheath of copper. This composite
wire conducts electricity well, has the same longitudinal coeffi-
cient of expansion as glass, and adheres well to glass. Fven though
the sheath stretches and contracts slightly, the seal remains un-
broken. A British patent was granted August 21, 1913, on an Oc-
tober, 1912, application for this “dumet” wire. An American
patent applied for earlier in 1912 was granted June 24, 1924, after
lengthy Patent Office delays as a result of an interference with
the Eldred patents and with another inventor’s application. The
wire came into use for lamps in 1913, and it has been widely em-
ployed ever since. Platinum has been completely eliminated. A
further improvement was made soon after by coating the dumet
wire with a borate, which made an even firmer seal.

The Malignani chemical-exhaust process was also improved
between 1897 and 1912. In that process, as has been stated, vapor-
ized phosphorus was driven into the bulb during the later stages
of exhaust to clean up the residual gases and produce a good
vacuum.®? Around 1909 the technique was improved and simpli-
fied by John T. Marshall of the General Electric Company. He
coated the filament by dipping it into a mixture of phosphorus
and water, and the phosphorus was vaporized after exhaust by
running a strong electric current through the lamp.

Since that time phosphorus has been supplemented by other
getters, for different types of lamps require different getters to
produce the desired conditions within the bulb, The introduction

8The process was physical rather than chemical, for the molecules of the

gases were driven to the bulb and firmly held there unless the phosphorus was
again vaporized.
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tunosten-filament lamp created an inereased need for new
<g)£tttte:s, siﬁgce bulb blackening was greater Wlth. the tungfcten than
with the carbon and other lamps. The first special getter for tung-
sten-filament lamps was the compoun_d of phosphorg, mtrog‘e;;
and hydrogen (phospham) employed in 1906 by the ¢ erm;pcov_
company for decarbonizing metal filaments. It was soor_lvhls o
ered that phospham left in the bulb would combine wit , o:4 er
residual and destructive substances to reduce bulb blaekemﬁb. '
A new type of getter was invented b_y the Austrian ¢ em1§t
Franz Skaupy in 1910. He suggested placing halogen CO}ZHPOUE S
of a metal in a hollow of the glass filament support, where they
broke up as the lamp was heated in use. The liberated gasdcomé
bined with the tungsten given off by the filament and pro %ce
a much lighter deposit on the bulb aqd a smaller decre:ase in effec-
tive light output. Skaupy’s potassmm—thalhc— chloride was so
active that in smaller-sized lamps it attacked the filament; C(gnﬁe—
quently it was used only with lamps of 100 watts or more. I«t‘ eli
chemical compounds were also used as getters. In 1912 D;.l in
of General Electric adapted potassium iodide for use wit amps
of from 15 to 40 watts, and he simplified the method ofdnﬁounnlng
it on the glass support. In the same year Harry H. Nee .aml, also
of General Flectric, adapted cryolite for use as a getter in lamps
25 to 60 watts.
Of%;:?intioduction of inert-gas fillings in'to lamp bulbs also had
the important gettering effect of decreasing filament decomt}))o—
sition and bulb blackening. The AE.G. used low-pressure car ﬁoln
monoxide in its carbon lamps in 1901. Attempts to employ gas fill-
ings were renewed after the commercmhzgnon of t.he tungster-
filament Jamp. Nitrogen filling was mentioned again in a 1908
patent by a French lamp manufacturer, and mercury Vapodr WE;S
used to exert pressure upon the cgbofn 1ﬁlament in a lamp devel-
in 1908 by the German, R. Hoptelt. '
Op?liihensuggestg)ns before 1912 for filling lamps W:lth gases welllrz
scattered and haphazard. Although some of the inventors w

tried inert gases had the right idea about their value, they did not

imilar

4 Around 1910 the Felten-Guilleaume-Lahmeyer comparklly divel-lli)sf)lelglt ;1_1 dselm‘l?‘llas
etter. A nitrogen compound free of hydrogen, such as phosphor s ride, wa
gsed to decrease filament disintegration. The hydrogen was omitte e X
1tlended o become ionized and short-circuit the lamp filament during ope .
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study the problem systematically, and their achievements were
not great. The development of the successful gas-filled tungsten
lamp, which eventually superseded the vacuum lamp in most of
the important sizes, was completed by Dr. Irving Langmuir of
the General Flectric Research Laboratory i 1912, Inasmuch
as the gas-filled lamp did not make its commercial apperance unti}
1913 and had a great significance for later years, a detailed dis-
cussion of Langmuir’s work will be deferred until Chapter XI1.

Another development which occurred around the turn of the
century was an increasing preoccupation with eliminating the tip
on the round end of the bulb. Most early commercial lamps were
sealed before being pumped free of air, and the exhaust was made
through the round end. When the exhaust tube was removed, a
tip remained which interfered with an even distribution of light
and rendered the lamp more fragile. Stoppered lamps had long
been made without tips, but they could not hold the vacaum as
well as sealed bulbs. A number of experiments had also been con-
ducted at an early stage in many countries
for exhausting the lamp through its side or

bottom.
Although processes of making tipless
lamps were developed and patents were \

taken ourt, for many years the processes
were too expensive to result in extensive
commercial production. Exhaust tubes
were attached to the side of the seal
at the base of the lamp or were run up
through the stem. The Meridian lamp,
which used the GEM filament, was one
of many tipless lamps. It was made by
General Electric from 1906 to 1910 for T
decorative purposes and to compete with
the Nernst and other new lamps. It was ex-  Fic. 24. Jaeger Stem,
hausted through a tube in the stem, utiliz- 1903
mg complicated processes patented by  The L-shaped exhaust
General Flectric workers in 1894 and 1904, tube inserted :in tﬁe
A simpler method of achieving the same stem permitted  the

) construction of tipless
end was patented in 1903 by Herman J. lamps.
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nd his lamp was produced for a nu_mber of years by the
%zzgzr’%ungsten Lgmp C%mpany and distributed by ﬁhe l;flpéess
Lamp Company. Jaeger used a small exhaust tube with a | eér a;
one end. The tube was inserted into the stem, a_nd the curve) 1 en
was fused to the inside surface of the srem..Arr Wwas rhend o;rvn
through the tube and a hole was formed in the softened glass
through which the bulb could later be exhausted.‘ _ X .
General Electric as the industry leader was willing to buy ’"_[Ehe
Jacger patent, but it was unwilling to take a license under it. ?
big company preferred to postpone the general prod}letlon o
tipless lamps until it had devised an improved processhodrts own.
Except for simplifications, however, the Jaeger metho was1 es-
sentially like the one developed by Gerreral Electric workers
sixteen years later and used at the present time.

NEW STYLES OF INCANDESCENT LAMPS .
Besides the general changes and imprqvemenrs megrloned ;;bov:,
which applied to many or all varicties of incan esee;rr arrr}{)i ,
there were numerous developmenrs in connection Wrt1 ﬁi@pecr c
styles of lamps. In 1900, before the 1nrrod}1etron of meta N am}ents
in the United States, the journal Electrzczty reported that there
were then in use 147,000 varieties of incandescent lamps of all
forms.® The standardization of bases reduced the number of type;
substantially; the introducrien of metal—ﬁhrment 'lamps 1ncr1e;.1$e'
it again somewhat. In addition, there was a continuous multrp i-
cation in the sizes and varieties of both large and miniature lamps
of special purposes.

fm\:')ilclzosr)arrtisve ryi))es inppa}r)ticular increased in number. Lamps
with round, flame-shaped, or eandle-shaped.bulbs became ge;y
popular. The idea of a line of light was ﬁrsr 1ntroduced.vs}/11t tlg
sale of straight tubular lamps about nine inches long Whlcd (l:)OLIb
be mounted end to end. The use of colored-glass or coalte du s
to produce colored light was expanded. T}re colorlrilglﬁ ‘rergi 'Zui
the light of undesirable color but resulted in a much less e ((:11 n

roduction of light. Silvered, opal, and frosted lamps to rehl_lce

Jare and diffuse the light became more common. Acid etc 1rég
and sandblast were the two most commonly employed methods

5 Electricity, Vol. XVIII, p. 18 (Jan. 17, 1900).
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of frosting the outsides of bulbs. Frosting reduced the initial light
output of a lamp by about 5 per cent and reduced useful lam
life by around 40 per cent. High-efficiency but short-lived lamps
for photographers also became more common, as did the multiple~
filament lamps, which permitted one to adjust the amount of light
given off by a single lamp. One of the most popular multi-filament
lamps was a turndown night light which had one normal 8- or
l6-candlepower filament and one small filament of but a single
candlepower.

Apart from the new styles mentioned above, the unmetallized
carbon lamp was little changed during the entire period here
under consideration. Efficiency remained unchanged, and lamp
life was increased by but a small amount. Prices declined only
slightly. The principal advance was in manufacturing precision
and in average lamp quality. The American manufacturers, led
by General Flectric, surpassed the producers of England, Ger-
many, and all other countries in the quality of their output.

A final major source of improvement in incandescent lighting
during that period was the great reduction in elecrric-energy
rates. Residential rates per kilowatt-hour were reduced from
twenty cents or more in 1897 to about nine cents in 1912. In-
dustrial and commercial rates similarly declined. That reduction
alone more than halved lighting costs. Rate reductions resulted
from continued progress in the generation and distribution of
electric energy. The steam turbine was developed around the
turn of the century, and steam engines and water turbines were

~ . improved considerably. The larger and more efficient generators

also produced a steadier voltage, which was important in incan-
descent lighting. ,

2. The Triumph of Incandescent Electric Lighting over Gas and
Are Lighting

With the commercial introduction of tungsten and the other
metallic filaments, incandescent electric lighting finally achieved
a definite superiority over gas illumination and arc lighting for
general indoor lighting purposes. Before the final victory, the
three light sources had waged a seesaw struggle for about thirty
years. Gas had been supreme undil the two clectric-light sources
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ed commercial use around 1880. It had conthued.to
iaa((li ri?lace}éonomy, while arc lighting and incandescent hg%(;t{ng
were favored among other things b_y cl_ea.nhness, safety, arll 1;11-
candescent by convenience and simplicity. Even thoug 1ht €
incandescent lamp had been the least econopncal of th'e three,
its use had expanded rapidly, particula'rly for 1n_door applications,
and costs had been reduced. Arc lighting had displaced gas lamps

for much street lighting and in other outdoor applications.

THE DECLINE OF GAS LIGHTING
The vigorous competition fro'm electri.c-light sourcgs made gas
wake up. Gas quality and service were improved, an Svenl moze
important, the Welsbach mcan.descent mantle was deve olp_e},1
Particularly when it was used with low hydrocarbon gas at )égd
pressure after the turn of the.century, the gas manth? pr0V1he
a much improved quality of light at a far higher efficiency fj ag
ever before. The mantles, though fragile, lastgd a'few hunf re
hours and cost only about ten cents each. Efficiencies \x&?ﬁe r}c:n;
60 to 70 candlepower per cubic fgot of gas per hour. e}(fi a
been only 4 to 6 candlepower with the very early gas and gas
ers. o
buglftei the introduction of the mantle, gas lighting compeu;d
more keenly with electric lighting and for a time threatened the
existence of its newer rivals. However, after abqut _1909 the
proponents of gas lighting could make no further major 1mprove(;
ments.” With the development of ductle tungsten ﬁlarpents an
improved arc lamps, and with the reduction in electrical rg{gis,
the cost advantage of gas ligh_ting was gradually overcome. ] 3
other advantages of the electric-light sources pushed thgum ;1 ead
of gas in all-round desirability, and gas was (e_ventually' isplaced.
The decline of gas lighting was more rapid in th_e United St}zlltes
than in England and continental Europe, for in this country there
i i en gas and incandescent lighting should be
poeirigdlgtﬁ(.)litr?rgasd;giflir;:ed?ee?u;litygof the Iig.ht depe_nds primlarily' u}l{orﬁége
quality of the gas; the burner cgntrols t_he quantity of l'lght. In ehectglc nlegr : thg.
both the quality and the quantity of light (liepen.d Elsagﬁzs on the burner;
e b o aprovements in gas lighting between 1897 and 1909 were

the use of artificial silk in mantles, the introduction of inverted burners and the
broader use of high gas pressures.
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was a greater willingness to change, to take advantage of new
inventions and to commercialize and spread them. While gas
lighting is still used in a few places, it has been reduced to a vestige
of its former importance.®

Despite the declining importance of gas in lighting, the manu-
factured-gas industry as a whole has grown continually. The
competition of the carbon lamp and the old open arc during the
1880’s had encouraged the gas industry to spread its field to heat-
ing, and it was that use which permitted the industry to continue
expanding when its lighting marker was destroyed. Cooking,
space heating, water heating, and later refrigeration resulted 1n
a steady growth in the value of products of the industry from
$56,987,290 in 1889 to $512,652,595 in 1929.° Over 90 per cent
of that value consisted of gas; the rest was the value of various
by-products. The actual volume of gas produced for sale during
those forty years increased from 36,5 19,512,000 cubic feet to
408,401,395,000 cubic feet. The rate of physical increase was

only slightly greater than that of the dollar value because prices
declined very little during that time.

THE FADING GLORY OF ARC LIGHTING

The competition of gas and glowing filaments also had a stimu-
lating effect upon arc-lamp technology. The development of
the enclosed arc has already been mentioned. Although it was
lower in efficiency than the old open arc, it had a number of
advantageous features which led to a rapid expansion of its use
in the United States.® The opposition of lamp trimmers, who
feared they would lose their jobs because of the longer life of
enclosed-arc carbons, soon declined. The inertia of conservative
central-station men also was gradually overcome. By 1899, 85

8 Other light sources, such as acetylene, alcohol, and paraffin lamps, were
gready improved around the turn of the century through the use of incandescent
mantles. While useful in many specific lighting applications, they have never be-
come major light sources.

9 Bureau of the Census, U.S. Dept. of Commerce, Census of Manufactures,
Washington, 1889-1929,

10 The enclosed arc made slower headway in Great Britain and the rest of
Europe than in this country. The relatively lower Furopean labor costs and
higher costs of current, which at least partially accounted for the original de-

velopment of the enclosed arc in the United States, slowed the introduction of
the longer-lived but less efficient lamp.
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er cent of the arc Jamps made in the United States were of éhe
Snclosed type. Besides replacing oFen ar'cs,.tltlsrigsvifigz?;g 1s-
d incandescent lamps 1n n .
placed o i ered a new phase dunng
The American arc-lamp industry ent cw phase dering
f the nineteenth century. Upon the a Ivent of th
the llgig zifzs (r)nanye srrlnall producers went out of busmffss within
znx(f:ery few }’7ears The number of manufacturers df;élzneg tfx;iom
e i bout fifteen in 2. st
the peak of forty-eight in 1894 to a { At firse
i i d the Jandus Electric Com:
the Electric Arc Light Company an e e o yeur
benefited most greatly by the change. Withi \
Eizg;v:;ethe Electric Arc Light Cocmpany was alilsi(z;;bis;s)yc ;};E
I Incandescent Arc Lamp Company,” W { .
Sgﬁzzabynfﬁe General Electric Company. General Ili)lect{lc, as
the largest producer of arc lamps in the country, had been m;er-
ested in the development of the enclosed. arc, and soo(rilla ter
Marks’ success had brought out its own design of enclosed famp.

During the dispute which subsequently arose over patent rights, -

the big company became convinced that the Mz}rks patentsvzfvere
valid and bought them.'* Besides General Electric, ]andusz dest;
inghouse, and Western Flectric, the industry soon cgnsll)ste' o
9 © ) ;
only a few small producers, most of whom remained in business
for only a few years. . ‘ .
The };rc lamp, even with the improved performance of its etrlle
closing globe,*® might soon have gone the way ?f the %asdrr.ltan le
i i ad it n
i the metallic-filament lamps h
upon the introduction of ‘
been for the development, around the turn of the centu'iy,ugi ;l;f
1 tite arc. In consequence, 1ts US
flaming arc and of the magne : Juenc !
i een the gas
ight ts closest compettor ha '
street lighting, where 1 been the gis
i decades before further imp
lamp, continued a few more . fur Hove:
mer?t’s in incandescent lighting reducged its apphcatlon egenmer <
The flaming arc, first described in 1900 by Hugo Bre

by Sig-
11 The General Incandescent Arc Lamp Company had been founded by Sig

FEdison’s former associate. A
mlg(;, Efrfi?r arﬁzsh over patents took place 1n_Eng1and_, Whére the ]ar;flttclls hzrls
L & Electric Company, Ltd., and the E]CCFIIC Ar_c .ng.ht ompanzi,ded .t,here
bampformed to exploit the American inventions. Litigation was avwhich hore
b;elihe purchase of the Marks patents by the Jandus company,

. er all the patents. ¢
ed other producers under al R e use o
hcf?l:l the efﬁcigncy of the enclosed arc was later raised somewhat by th

iminati inner globe.
a single outer airtight globe and the elimination of the inner g

- metals and resulted in the co
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Neheim, Germany, employed car-
bons treated with non-conduct-
ing salts which evaporated into
the arc and produced streams
of high luminosity. It had com-
mon ancestry with the Nernst
lamp in the old Jablochkoff elec-
tric candle of 1876, in which the
kaolin between the two conduc-

tors melted and gave off vapors, e
making the arc flame brighter. WU)]]] mm

Other inventors before Bremer
had atctempted without success
to introduce metallic salts into
arc-lamp carbons for an econom-
ical flaming arc. In fact, the at-
tempts to impregnate carbons for
arc lamps paralleled the experi-
ments on impregnating carbon fil-
aments referred to earlier. One
great difficulty was that scoria,
or crust, formed on the ends of
the electrodes and interfered with
the arc and the distribution of
light. Bremer conquered that
problem by introducing into the Birrenbach
electrode a flux of boron or fluo-  Fre. 25. The Works of a Flam-
rine which would keep the scoria  ing-Arc Lamp

from hardening and permit it {)n Oapeﬁ;oi‘lggz a;;;’:ﬁeci’;’;rz%
to drlp .Off the Car,bons‘ Bremer tg’e mgechagism \’/Vas encased in a
used various salts mixed with car- metal shell,

bon to produce different-colored

light, including calcium for yellow and magnesium for white.

The flaming arc, with its light output of 15.5 to 18 lumens per
watt for white light and 30 to 35 lumens per watt for yellow

14 Further work by Bremer and others resulted in the use of pure carbons with
the ﬂame—producing materials in the cores only. The progress in the chemistry
of the rare earths permitted a great deal of expesrimentation with salts of those
mmercial use of cerium fluoride and other related
and magnesium compounds.

substances as well as calcium
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i i lor
light,"® was far more efficient than all previous arc 1_ar;t1)p.sh.(;§C
quali’ty was improved, and the arc was of lolwer 1r1'cr‘1r151<p1 r.}; r; Vio‘}lzs.

i er the other, as in the
Instead of being placed one oOv : the previous
together mn a V at the ‘
arc lamps, the electrodes came toge m of
the lam}p ;md were fed by grav1tyd1n a new tycpecé)farpoerp:abmad
rc down to produ g
An electromagnet pulled the arc ¢ ce a long broad
i ioht radiated downward whe ‘
flame with most of the lig xd where 1t ws

Lioht came from the flaming
most useful. Most of the hig : :
in the arc, which were selective radmt(()lrs, ratherbthan from the

’ i rc.
for the ordinary carbon a
electrode craters, as was true ‘ bon e,
ite the flaming arc had we .
Despite its many advantages, t i ealnesses,
i that of the enclosed arc, it g
Tts light was less steady than are, it gave of
i 1 rbons were consumed 1n abc :
noxious fumes, and its ca
hours.® In the’ United States, where labpr cplsts fl;)r frlrlr;m}lz?lg
hi life was a serious drawback. -
were high, the short carbon ‘ -
rope Wghe’re labor costs were low and eilecétrlc current \Zii rfr:lpigc
? ° - ° . C
1 i rtant. This difference m e ‘
ensive, it was not So Imnpo ' n e
1;nviron’ment was undoubtedly an important factor m d1_re1et%ng
1 DI i ializin
European efforts into developing a_ndh rgpgdly 'cortr}llr:ciipn ae ricag
1 ¢, just as it had been in \
the more efficient flame arc, | s I 1 the Ametican
1 i ting the long-live
in developing and explo1 ing c
pfeCCdenCe d G B 11 were ahead of the
reat Britain, a .
arc. Germany, France, and 1 ' oh
United State}; in commercializing the flame arc and in working
to improve it. ' . o
Thlz difficulty of short life was fairly weu oxierco‘rtnhe t1fr11e t(;rlrcxle
i had been done previously wi -
by enclosing the arc, as N he ol
nevertheless, fo
hat was not an easy matter,
fype carbon inside of the glass globe and
on the inside of the glass g
fumes tended to condense the glass globe anc
i roblem was solved with a
obscure the light. The p B o ore
were collected and con !
the arc, where the vapors : ted and pre
vent th’eir settling on the glass. Efficiencies m enclo;ed1 fg:md eg;
arcs were fairly close to those of the open type, aél ele rodes
lasted around 100 hours. The unsteadiness of the flame a
also largely overcome. . - N
Just gs t};le incandescent mantle had gwep ahdew 11;1136‘2:1: };cohigg :
1 S
iohti timulated all arc highting. !
lichting, the flame arc s : _ gh
ei%ciengc’y and improved quality of light pushed the arc in

15 Schroeder, op cit., p. 67-
16 Tchle open-flame ar7c could be used o

nly out of doors because of the fumes.
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of gas again. The flame arc had the same effect on arc-lamp de-
signers as the Nernst lamp had had on incandescent-lamp de-
signers. A great flood of patents was issued during the next dozen
years on a wide variety of proposed new arc lamps. Designers in
the United States, Germany, France, and England were the most
active.

The most important of the further improvements in arc light-
ing was the magnetite or luminous arc lamp developed principally
by Dr. Charles P. Steinmetz of the General Electric Company,
with help from Dr. Willis R, W hitney, C. A. B. Halvorson, Jr.,
and others. The magnetite arc, developed in 1902 and placed on
the American market in 1903, was General Electric’s principal
contribution to technological advancement in arc lighting.

The magnetite arc was based on slightly different principles
from the flaming arc. The Steinmetz lamp used an upper positive
electrode of a non-consuming copper block encased in an iron
shell. The lower negative electrode consisted principally of the
oxide of iron called magnetite, packed in an iron tube. The mag-
netite provided the luminous material for the inch-long arc.'¥
Titanium oxide was added to the magnetite to increase light out-
put, and chromium oxide was added to increase life. In this lamp
also a chimney was required to carry off and condense the fumes,
and a new type of feeding system was necessary. The light given
off was of a good white color, and the lamp was reliable and
operated with low cost. The magnetite electrodes were eventu-
ally made in two types, those with very long life at efficiencies
of 11 to 18 lumens per watt and those with shorter lives of around
150 hours at efficiencies of 17 to 25 lumens per watt.

The flame arc and the magnetite arc were the last fundamental
advances of broad commercial importance in arc-lighting tech-
nique.’® They assisted in driving out gas lighting, and for a time

17 The lamp operated only on direct current and required a mercury-arc rec-
tifier for use on an alternating-current circuit.

18 Many other less successful proposals for new arc lamps were made between
1897 and 1912. Electrodes of platinum, aluminum, thorium oxide and other rare
earth oxides, molybdenum, tungsten, chromium, titanium, and many other ma-
terials were tried. A mixture of titanium and titanium carbide gave encouraging
results because of its superior light emissivity; but high costs and other difficulties
prevented the titanium arc from achieving important commercial success. The
more recent experiments with tungsten arcs, some of which have been contained
m evacuated glass bulbs, have also not had any broad commercial significance, al-
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they even held their own against improved 1r.1candesc§ngvlé§itl-l
ing. Eventually, however, the greater converuence an pveral
ec%nomy of the filament lamp won forit dpminarflce evbenut mos
outdoor lighting. Arc lightipg slowly declined a ter a ?or . acé
and relatively little is still in use at the present time p

lighting.*®

3. The Beginning of Electric-Discharge Lighting

The commercial introduction of the drawn—tungs;clerll ﬁlamzn;eix;i‘i;
1911 and the development of successful gas—fgle arr;plse 2 few
years later permitted the incendescent lamp to e]cor.nez1 the stand.
ard source of artificial illuminatiori throughout the 1 lustralized
world; yet even before it' had gained 'ascendari)cynoxgn t}g;e and
arc lighting a new competitor was coming 1n‘tc(>1 bem gf n the form
of the electric-discharge tube. The growing dissatista with
the carbon-filament lamp from _abodt 1885 to 1900 seﬁfeng to
turn men’s attention to alternative light sources, as we as to
alternative filament materials.'Att%m[its we]r:drg:d)eftphpus {;E‘(e)cts "
mercial use the increasing scientific know. of the eftects o
tric discharges through gases and vapors. Within a few y
Zlfizr the turn %f the ceiituéy,hsome Ttr;klggijizhgrlir(;\;elu‘igpsesa r(1)§
electric illumination reached the market. ' g : 1
s of a great number of types have since come 1nto ex
Zearfl)s(i\rfdaiirdfe) and iigave replaced incandescent lal‘mps.tirif Oriurr;erf:riﬁ
special applications. Some of them are replacing 1 g

lighting.
7
[HE SCIENTIFIC AND EXPERIMENTAL BACKGROUND IN 189

ienti Inci ] ic-discharge lighting

fi nciples underlying electric :
Evlelrelt Sf(;llre ?)talclz fxfen fsrther than the discovery of 'the Vc')lt}?icfcell.
In 1683 Otto von Guericke of Magdeburg obtained light from

i i ications. One of the most
though a few have proved valuable in special applications

S e . ical
ecent arcs produces a pinpoint of very high intensity light valuable in optica
I

i i ion-picture pro-
riments, radio-photo transmission, photographic Worlff‘ moltipenaplg: .;mb% o
EaX(I:Jt?oln and’similar uses. The arc is struck between a metailic pia
wntalum fled with sirconiom o%ide in 2 WAL IND, st i
tion of arc lamps 1n the . ) e
igeiihaet gi%(iil(ii(i in 1899 to 12133 ,085 units worth $1,706,959 in 1909. Output te
vala ,827,

farther to $742,142 in 1914 and $606,771 in 1919. See Appendix E.
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the discharge of a primitive static—electricity machine. Around
1700 Newton and Hawksbee found that if “exhausted” glass
spheres were used in frictional electric machines the mnteriors of
the globes would glow as charges were built up. The early scien-
tists also knew that if electricity from such a machine was passed
through a “vacuum” tube,? the same luminous effect was pro-
duced.

The first genuine progress beyond the simple observation of
glowing gases was made in 1856 by Geissler, a German artist and
glassblower, who originated the electric—discharge tube. He dis-
covered that, when a high-voltage alternating current was passed
through a sealed tube contaming air at low pressure, the tube
gave off light of very low luminosity for a few moments until
the vacuum deteriorated. Further experiments by Geissler, Fara-
day, Crookes, and others indicated that all individual gases or
vapors would carry a current, and some of them would give off
a fairly strong light. Methods of creating alternating current of
satisfactory character and of purifying gases and pumping out
glass containers were crude; however, with certain gases the efh-
ciencies of light emission realized were considerably higher than
those of incandescent lamps. Nitrogen and carbon dioxide gave
the best results. Mercury, sodium, sulphur, chlorides, bromides,
and other vapors also produced light of various colors.

There were a2 number of attempts to apply electric discharges
to illumination between 1860 and 1896. The first patents issued
on the subject were granted in 1862 in Great Britain to Timothy
Morris, Robert Weare, and Edward Monckton, who proposed
to use colored light from Geissler tubes filled with various gases
or vapors in signaling and in lighting buoys. In 1866 Adolphe
Miroude also received a British patent on a battery—operated
nitrogen-filled Geissler tube for buoy lightng. Scattered experi-
ments were conducted by numerous mdividuals in European
nations up to 1890 or so without any further real progress. Those
made in 1879 by Crookes gave disappointing results because of
the extremely low pressures employed in his tubes; he did not
realize that there was 2 minimum desirable pressure.

20 The “exhausted” glass spheres and “vacuum” tubes of the early scientists

contained atmospheric gas at low pressures. The equipment they worked with
could not produce a high vacuom.
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ing the resistance of the gas between the electrodes. A portion
of the potential is required to extract electrons from the cathode,
however, and a very small quantity is needed to overcome the sur-
face resistance of the anode to the receiving of electrons. The
resistance of the gas depends upon its type and pressure, the
amount of electric current flowing, and the diameter of the tube.
The larger the diameter, the less the resistance. For best results
in illumination, both low resistance and high luminosity of a gas
are required.

The greatest difficulty with electric-discharge tubes up to 1896
was their very short life, which made commercial utilization im-
practicable regardless of efficiency. The only useful applications
of Geissler tubes for many years were in spectral analysis, in
scientific lectures, and in obtaining special theatrical effects.
Short life was caused largely by the tendency of the gases and
vapors to combine chemically with the electrodes. As the gas
combined, the pressure within the tube gradually dropped until
the discharge could no longer be carried. Even if the gas and the
electrode did not combine chemically, the gas pressure tended
to decrease as positive ions bombarded the cathodes.?8

THE MOORE TURBE

The first practical commercial application of the Geissler tube
was made around the turn of the century by D. McFarlan Moore,
a former Edison employee, who had become interested in elec-
tric-discharge tubes in 1891. Moore thought that the incandes-
cent lamp was “too small, too hot and too red.” He wanted 2
lamp that would give a cool, efficient, balanced white light like
daylight, not a hot, inefficient light too strong in the reds and
too weak in the blues, such as that produced by the carbon-
filament lamp and by even the best later tungsten-filament lamps.

In 1894 Moore left General Electric, obtained outside finan-
cial backing, and organized the Moore Electric Company and
the Moore Light Company to develop and commercialize his
ideas. Demonstrations of the Moore tube were made in 1895, The
inventor at first used tubes seven to nine feet long and two or
two and one-half inches in diameter, which operated on 110-volt

28 Disintegration of the cathode as a resul

t of ion bombardment is called
“sputtering.”
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tubes gave efficiencies of about 10 lumens per watt; and about
half that efficiency was obtainable with carbon dioxide, Despite
the fact that the tube was expensive to install, complicated, and
required very high voltages, its operating advantages were great
enough for it to find restricted use in stores, offices, and similar
general lighting uses as well as in photography and some adver-
tising and decorative applications.

The potential threat of Moore’s lamp to the established busi-
ness and heavy investment of General Flectric in incandescent
lighting provided an extra inducement for the big company to
hasten its efforts to improve the filament material. As Fam-
mond * says, “Although Coffin and Rice negotiated for Moore’s
patent rights, they also implored Whitney to add an able man
to his staff to study the elements which had promise of yielding
better filaments.” This resulted in the addition of Dr. William D.
Coolidge to the staff of the General Flectric Research Laboratory
mn 1905 and the subsequent developments which have already
been discussed. With the development and introduction of tung-
sten-filament lamps, the efficiencies of Moore’s long tubes were
no longer great enough to overcome their disadvantages. They
gradually disappeared from the market, leaving only short car-
bon-dioxide tubes in use for color matching, in which they ex-
celled because of their daylight color. The General Electric
Company absorbed the two Moore companies and Moore’s pat-
ents in 1912, Moore himself rejoined General Electric’s Jabora-
tory force.

Moore’s own tubes, although not surviving in any important
way, formed the basis for the development of neon tubing and had
a considerable value in the much later development of fluores-
cent lighting as well as in other applications of electric-discharge
tubes. In his work Moore was unfortunately limited by the fact
that only the common atmospheric and chemical gases were avail-
able to him. Argon, helium, neon, krypton, and xenon, the inert
gases found in small quantities in the atmosphere, were not dis-
covered until late in the nineteenth century. Helium was found
in the mineral cleveite in 1894 by the English scientist, Sir William
Ramsay, and Ramsay and Lord Rayleigh succeeded in isolating

all five of the inert gases from the air—argon in 1893, and neon,
24 Op. cit., p. 332.
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i n, and xenon in 1898. The expense of extractin
?ﬁegengafresy rf)om the air was so great that they coulﬁl r;)t be ﬁls‘ed
commercially until 1907, however. In that year lt1 E drgne én_
ventor Georges Claude perfected a method Whlg ba X (;,en (E
veloped independently over a per1oe1 of years by C(1)’c himse
and Carl von Linde, a German, for liquefying air and separating
1ts\‘7?irtll?%:hen§§reg 1;‘2:; at his disposal, Claude took‘ up Moore’s
developments where the latter hael left off. By filling 3 'Mfoore
nitrogen or carbon-dioxide tube with neon, he converte (;'Ffﬁrorin
a complicated general light source which was ﬁnc_hng it 11 cule
to compete with improved incandescent sources into z;) 1g owing
red tube of high luminosity whicl_l was readﬂyy adapta edto Use
in advertising. Despite its high resistance, neon’s color_ an greadt
efficiency of light production found ready acceptance C;n 51gﬁ agl
other advertising lighting. Claude also experlment}e wit g
other rare gases, with mixtures of these gases and other gaseslan
vapors, and with their use in colored glass tubes. 'He wﬂais able to

roduce light of many different colors at p;ac:aeal e 01etr)1e1es.
%Vithin a short time industrial interests bearing his name egag
operating in France, and gradually the new development s}ll)r‘ea1
to other countries. The commerqal and subsequent tec ;ae;}
developments of the Claude tube will be treated in Chapter )

THE COOPER-HEWITT AND OTHER MERCURY-VAPOR LAMPS

Another new electric-light source closely relateel to the fMoore-
Claude gaseous discharge tube, but somewhat (i)lﬁre;ent éOI(I)]pZ;
] d in 1901 by Peter Co
was the mercury-vapor lamp invente ] eter Cooper
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hs§£:r?3€f%u X};Vay who in 1856 and 1857 patentEd anlarc laénp
rear ’ i 1 carbon electrodes.
i tream of mercury instead of the usua v

?&S;rclsg jV(Sarre formed between the drops of mercury, and a Etrgngt
reenish light was obtained. Mercury vapor was used for't e rsd
time in 1879 by Rapieff, who filled the columns of an {nxlflerte
U-shaped glass tube with liquid mercury, some of which was
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vaporized by the passage of an electric current. Experiments with
mercury in U-shaped tubes were later conducted by many other
mventors. The Arons mercury-arc lamp of 1892 was the most
promising of all up to 1900, yet it was limited in practicability
to special polarimetric and other optical experiments. Building

his work upon this prior art, Hewitt was the first to achieve no-
table success.

Fic. 26. Cooper-Hewitt Mercury—Vapor Arc Lamp, 1901

The larger bulb contained a pool of mercury. When the lamp was tilted

a continuous stream of mercury bridged the electrodes; interruption of
the scream broke the circuit and started an arc discharge.

The successful Cooper-Hewitt lamp consisted of a tightly

sealed glass tube about four feet long and one inch in diameter
from which all possible air had been exhausted. The tube was in-
clined at a fifteen-degree angle, and both ends were slightly en-
larged. The lower end contained a pool of mercury. The mercury
acted as the negative electrode, or cathode, while at the upper end
an iron electrode similar to the one used by Arons served as the
anode. When the electrodes were connected to a proper electrical
circuit containing the necessary auxiliary equipment, the tube
could be operated to produce a strong greenish blue light. To
start the lamp it was tilted so that a stream of mercury bridged
the two electrodes. The current flowing through this stream
heated it and vaporized some of the mercury. When the stream
was broken, the current was strong enough to leap the small gap
and strike an arc. The small arc heated and ionized the vapor
sufficiently for the arc to extend the length of the tube and to
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operate continuously . Ior.liza;mrtlu%fe tphre0 gsgé)crl ﬁrglgttilrllet}f}é)?; rr(ii
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bination with incandescent lamps, which gave off light of exces-
sive redness to balance the unnatural blueness of the mercury
discharge. A second technique was the addition of other gases or
vapors in the tube to supply the missing red rays. A final method
was the employment of fluorescent reflectors to supply red light.

George Westinghouse financed the early experiments of Hew-
ite, and in 1902 the Cooper-Hewitt Electric Company was
organized with the inventor and his backer as the principal
stockholders. Hewitt applied for a number of patents to protect
his inventions, covering the lamp itself and its various auxiliaries.
Among the latter was the mercury-arc rectifier which he had
developed for converting alternating to direct current. A similar
rectifier had been invented by Dr. Ezechiel Weintraub of Gen-
eral Electric for use with another type of mercury-arc lamp made
by Dr. Charles P. Steinmetz. The two patent applications cov-
ering mercury-vapor rectifiers went into interference in the Pat-
ent Office. Other patent conflicts arose over the vapor lamps
themselves.

The patent controversies between General Electric and the
Cooper-Hewitt Company continued until 1913, when licenses
were exchanged covering rectifiers and mercury-vapor lamps.
Westinghouse was also licensed under the Cooper—Hewitt pat-
ents. In 1919, after the death of George Westinghouse, General
Flectric bought out the Cooper—HeWitt Electric Company, which
it operated as a subsidiary. The name was changed to the General
Electric Vapor Lamp Company, and some twenty years later it
was merged with the parent company’s lamp department.

After the Cooper-Hewitt lamp had appeared and while it was
being perfected, a number of other experimenters sought to im-
prove the mercury-arc lamp. The modification proposed in Eng-
land by Bastian and Salisbury in 1904 was one of the most
outstanding of the new proposals. It returned to the inverted
U-shaped tube employed by Arons and other early workers and
contained an automatic tilting device for starting. The lamp was

more compact than Hewitt’s, and when used with an incandes-
cent lamp to provide red rays its color quality was superior, al-
though its efficiency was less. It was produced in England by
Bastian Mercury Vapour Lamp, Ltd.

Another proposal, which was of particular importance to tech-
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nological development in later years, was the high-pressure quartz
lamp first made by Kiich in 1906. Kiich was an engineer for a
German platinum firm and did some work on fused quartz. He
reasoned that if quartz were used to contain the mercury arc
instead of glass, the higher temperatures and pressures which it
could withstand might permit the efficiency of light output to be
increased. This was found to be true. In mercury-vapor lamps
luminous efficiency increases with temperature up to 2 certain
point and then falls. As temperature is further increased above the
melting point of glass, however, efficiency rises again.

The Kiich lamp consisted of a small, horizontal, transparent
quartz tube from three to six inches long which contained a mer-
cury electrode at cither end. The vaporized mercury rose to at-
mospheric pressure during operation of the lamp. Fan-shaped
copper coolers were employed for radiation of heat, and the lamp
required the usual auxiliaries for starting and voltage regulation.
At the relatively high pressure employed, the mercury discharge
did not fill the tube but was constricted into 2 narrow arc. In other
respects its operation was similar to that of the Cooper-Hewitt
and other lamps of the same general type. The efficiency of the
lamp was as high as 26 lumens per watt,2” which was far above
that obtainable with most other light sources, and life was around
1,000 hours. Although the light was whiter than that of the
Cooper-Hewitt lamp, 2 deficiency of red and 2 predominance of
blue and violet resulted in a color quality which was still unsatis-
factory for general illumination.

A great deal of ultraviolet radiarion was produced by the high-
ressure (UAItZ mercury lamp. Although ultraviolet light is useful
for bacteriological and sterilizing purposes and is beneficial to
humans in small quantities, continued exposure to it may produce
severe burns. To make the Kiich lamp safe for use as an illuminant,
it was necessary to enclose it in an additional glass globe, through
which the ultraviolet light could not pass.

The quartz lamp was manufactured in Germany by AEG
and supplied through its subsidiaries. General Electric acquired
the American patent rights. The lamp did not become important
as an illuminant in the United States at that time, although a few
were made in this country for special purposes beginning around

27 Schroeder, op cit., p. 89.
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1910.%* The high-pressure mercury lamp was the forerunner of a

4. Summary of Electric Lighting from 1897 to 1912

gtz;x:gendlSW and 1912. the Gene_ral Elqctric Company main-
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1896 formed the Incandescent Lamp Manufacturers Associati "
and made a series of agreements that included its principal com
petitor, the Westinghouse Electric & Manufactur}i)n C}; s
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28 Litigation between General Electric and the Cooper-Hewitt Electric Com-

pany in 1918 resulted in a partial invalidatio i
T ; n and a i
Kiich patents, which were not included in the 1913 Hc};ilrst;azlgl;}ejgr?llfri?g of the
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roducing nations. There was a difference abroad, ho.vvev(;elft,a:::_j
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the lack of competition within the industry retarded new product

development. In Europe market competition was keener; yet

even there the big companies were not responsible for the firse
umportant innovations.

The stimulation of activity in the lamp industry came from at
least three different outside sources. Competition from the en-
closed arc lamp and the Welsbach mantle was of primary impor-
tance. The increased fund of scientific knowledge opened up new
experimental channels which hitherto had been closed; of partic-
ular importance were the chemical and metallurgical advances
resulting from the use of the newly developed electric furnace
and from increased knowledge of the rare earths after commer-
cialization of the Welsbach mantle. “Cut and try” invention was
largely outmoded; it had become necessary to have a strong back-
ground 1n science; and sciendfic knowledge was an essential raw
material for lighting progress. Finally, private inventors and in-
ventors in companies outside the lamp industry were quicker to
see and grasp the technological opportunities than the established
companies. Their vigor was a prime factor in stirring the big
companies to action.

In the United States, General Electric began to make serious
efforts to improve electric-light sources with the establishment
of the General Electric Research Laboratory in 1900. It is greatly
to the credit of General Electric that, despite its relatively slow
start in lamp improvement, it moved rapidly and made two of the
six most important filament developments during that period, the -
GEM filament and the ductile tungsten filament. The other four
came from Germany and Austria. The Nernst lamp was made by
a university professor, the osmium filament by the inventor of the
gas mantle, the tantalum filament by Siemens & Halske and the
non-ductile tungsten filament by two Austrian schoolteachers,
the Welsbach Company, and others. No British or French inven-
tors were of importance in that connection, and the large A E.G.
shared importantly in the activity only by taking over the engi-
neering development of the Nernst lamp.

Fundamental progress in arc lighting and electric—discharge
lighting was also effected primarily by persons not employed by
lamp manufacturers. The only outstanding device produced by a
lamp maker was the magnetite arc lamp of General Electric. The
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flaming arc, the Moore tube, the Cooper-Hewitt lamp, and the
Kiich lamp, all were developed by independent inventors or engi-
neers associated with companies outside the lighting industry.
With its tremendous financial resources and aggressive leader-
ship, the General Electric Company was able to buy up the Amer-
ican rights to most of the advancements in the field of electric
lighting which it did not make itself and to promote them vig-
orously, whether such advancements originated at home or abroad.

Diftering scientific and economic environments were at least
partially responsible for the different directions and speeds of
technological advance in lighting in the various nations. Although
this country lacked a rich scientific background, it was very re-
ceptive to new ideas. The extensive growth of the nation and its
rapid industrialization led to tremendous expansion of output and
mechanization. The relative scarcity of labor encouraged the im-
provement of production methods, in which General Electric and
its associates surpassed their European competitors. The same
factors stimulated improvements in electrical generation and dis-
tribution and resulted in lower enérgy costs in the United States
than abroad. Low labor costs and high energy costs provided
somewhat different stimulants abroad. The effect of this condition
is pardcularly notable in the advance of arc lighting.

The European nations, particularly Germany, France, and Eng-
land, had far richer scienufic backgrounds than the United States.
It was only in Germany that this underlying knowledge was
turned to advantage in developing new light sources, however.
The German industry and individual German inventors were vig-
orous; they also had an economic environment that stimulated
them to progress. The French and English lamp industries were
less alert to their opportunities, as were individual inventors in
those nations. Their scientific advances were put to greater use
abroad than at home. It appears that the keen market competition
which reduced lamp prices and proﬁt margins also weakened the
ability of lamp producers to make important innovations, as well
as the incentives of persons outside the industry to develop new
light sources. The American monopoly, although not conducive
to startling innovations without outside stimulation, worked more
rapidly and more fruitfully once the proper incentives had been
given.

PART 1V

THE MATURE LAMP INDUSTRY




Chapter 1X: MONOPOLISTIC CONTROL IN
THE AMERICAN INCANDESCENT-
LAMP INDUSTRY: 1912-1926

Tue General Electric Company remained supreme in the
American incandescent-lighting industry throughout the entire
period from 1912 to 1947, despite continued challenges from sev-
eral directions. The industry leader strengthened its patent posi-
tion and established a more rigid licensing system. Although the
controlling patents expired around 1930, the license structure
continued in force unul 1945, The end of licensing and the out-
come of a federal antitrust prosecution now threaten the degree,
although not the fact, of continued General Electric leadership
in incandescent lighting.

The commercial superiority of General Electric and its former
collaborator, Westinghouse, depended in large part upon their
patent position and their technical superlorlty in incandescent-
Iamp design and productlon in addition, it depended upon ag-
gressive competitive tactics and the strict orgamzation of the in-
dustry under General Electric control. As a result of the increase
in demand for electric lighting and the much improved perform-
ance and reduced costs of incandescent lighting, manufacturers’
sales of large incandescent lamps in the United States increased
from about 85,000,000 units worth around $15,000,000 in 1912
to 830,300,000 units valued at $91,800,000 in 1947. Retail value

. was almost double the manufacturers’ value. The sale of mmlature

lamps and other varieties also expanded enormously.
This and the following four chapters treat the extensive com-

{  mercial and technological developments in incandescent lighting

since 1912. The progress in electric-discharge lighting after 1912
will be discussed separately.
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ment. When the licensee’s share of the market was added to the
80 per cent controlled by General Electric as a result of its ab-

sorption of the former National Flectric Lamp Company,® there
remained only 6 or 7 per cent of the domestic market for other
firms. '

Despite the court order in the 1911 antitrust suit forbidding
the establishment of resale prices, General Electric was unwilling

to permit local market forces to govern the prices at which its
products should sell.

To meet this situation the officials of the Company worked out the
present agency plan of selling lamps by which local dealers became
agents under contract of General Flectric. Stocks of lamps were not
sold to them outright but taken on consignment, the company re-
taining ownership in the lamps while they were in the agents’ hands,
and re]inquishing ownership only when the agent sold the Iamps.
Thus the sale by an agent to a consumer was a first sale rather than a
resale, as formerly, and General Electric could therefore legally con-
trol the price of its produc‘g to the consumer.*

This plan, which covered only patented lamps and did not
apply to those lamps sold directly to utility companies and other
Users, was put into operation by General Electric and Westing-
house in 1912. Initially it was intended to include all lamps,
whether patented or unpatented; when such a plan was presented
by Westinghouse to the United States Attorney General for ap-
proval, the latter stated that it was doubtful whether the plan was
consistent with the consent decree, and that the companies would
have to take full responsibility for whatever plan was employed.
Accordingly, unpatented lamps were eliminated from the scheme,
and other minor changes were made. When Westinghouse re-
quested approval for the new plan, which it was induced to adopt
by the terms of its patent license, the Attorney General declined
to make a definite statement but expressed his confidence in the
good faith of the two companies. He stated that

if any question involving the right to sell through agents under the
plan suggested should hereafter arise, I should regard it as the duty
88See pp. 156-159, for a discussion of t
Electric in the antitrust prosecution of 1
4 Hammond, o
Company.

he consent decree entered by General
911, which led to that consolidation.
p. cit,, p. 343. Quoted by permission of The General Electric
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incandescent lamps in this country.” ¢ The Laco-Philips Company
was affiliated with the Dutch N. V. Philips’ Gloeilampenfa-
brieken.” It sold lamps made in Holland and exported to this
country.

General Electric was successful in its suit; the patent was sus-
tained by the district court on F ebruary 15, 1916, and that de-
cision was confirmed by the Second Circuit Court of Appeals on
June 7, 1916.8 The decision of Judge Mayer of the district court,
with which the circuit court agreed, held that the patent covered
a product, not merely a process, even though Just and Hanaman
had not recognized all the alternative methods which could be
employed for making tungsten filaments.® The court held that
both squirted and drawn-wire filaments infringed the Just and
Hanaman patent. Claims by the Laco-Philips Company of antici-
pation by Lodyguine and Welsbach were denied. That decision
gave to General Electric, and such companies as it chose to li-
cense, the exclusive legal rights in the United States to the tung-
sten-filament lamp. Although the Just and Hanaman patent was
challenged by a number of other independent concerns in later
years, it was consistently upheld by the courts.’®

By the year 1916, when the tungsten-filament patent was sus-
tained, there were more than twenty concerns in this countr
making tungsten-filament lamps. Some of them had switched from
carbon lamp production, and many others had recently entered
the industry. General Electric decided to offer licenses under the
Just and Hanaman patent to all irms which had been producing

6 Statement of Albert K. Davis, vice president of General Electric Company
in chazge of patents, to Senate Committee on Patents, reported in United Stares
Daily, Mar. 9, 1928, p. 2.

"N. V. Philips’ Gloeilampenfabrieken was incorporated in 1912 in Holland
as the successor to Philips & Company. It dominated the Dutch market for elec-
tric lamps and became very important in the international market,

8 General Electric Company v. Laco-Philips Company, 233 Fed. 96 (1916),
147 C.C.A. 166 (1916).

9 It will be recalled that the British Just and Hanaman patent was declared in
1915 not to cover a product.

10 General Electric used the Just and Hanaman patent in successful infringe-
ment actions against the following individuals and companies, among others:
F. A. Alexander in 1921, Save Flectric Corporation and P. R. Mallory & Com-
pany, Inc., in 1923, the Minneapolis Electric Lamp Company in 1924, and the
Desmond Incandescent Lamp Company, Atlas Specialty Company, Sunray Lamp
Company, Inc., and Republic Electric Company, Inc., in 1928.
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ing the term of the principal license. Such licenses were to con-
tinue for the full life of each patent, however. The licensees were
permitted to establish their own prices, terms, and conditions of
sale, but they were not allowed to use the “Mazda” trademark.
Of the eight companies licensed by General Electric in 1916,
not one was still in production in 1947 under the same name and
ownership. One, the Kentucky Electric Lamp Company, was
later acquired, and its quota was taken over by the Ken-Rad Tube
& Lamp Company, which continued in the lamp business until
1945, when it was absorbed by Westinghouse.'* All the others
have completely discontinued operations. Of the thirteen addi-
tional concerns licensed in 1917, only the Hygrade Lamp Corpo-
ration still survives. It has expanded steadily with various changes
in name and is now known as Sylvania Electric Products Inc.1
Licenses were granted by General Electric to two more com-
paniesin 1918, two in 1919, two in 1920, two in 1921, one in 1922,
and two in 1925. Only three of those eleven companies are still
producing lamps. The Consolidated Electric Lamp Company
makes large lamps, while the Chicago Miniature Lamp Company
and Tung-Sol Lamp Works make miniature lamps. No new com-

panies have been licensed for the production of incandescent
lamps since 19259,

14'The Ken-Rad Tube & Lamp Company was incorporated in 1929 to acquire
the stock of and merge the Kentucky Electric Lamp Company and the Ken-Rad
Corporation. Both of these companies were dissolved in 1936, and their assets
were transferred to the Ken-Rad Tube & Lamp Company. In December of 1944
General Electric acquirted all the assets of Ken-Rad which were used in the manu-
facture and sale of radio tubes, while Westinghouse some months later acquired
the company’s lamp business, which has since been conducted as a wholly owned
subsidiary.

15 The Hygrade Lamp Corporation was incorporated in 1917 to succeed a
lamp business established in 1901. During its early years the business had spe-
cialized in the renewal of burned-out carhon lamps and the production of un-
patented carbon lamps., When the tungsten filament was developed, the firm
added this type of lamp to its line. Between 1917 and 1930, Hygrade acquired
several other lamp firms: the F. V, Rooney Lamp Company and the Dexter Lamp
Company in 1917; the Alpha Lamp Company in 1918; the Lux Manufacturing
Company, a General Electric Company licenseg, in 1922; the Triumph Lamp Com-
pany, another licensee, in 1927; and the Vosburgh Miniature Lamp Company,
a third licensee, in 1928. Other companies were acquired later. In 1931 Hy-
grade merged with the Novelpy Incandescent’ Lamp Company (Nilco), another
licensee, and Sylvania Products Company to form the Hygrade Sylvania Corpo-

ration. The name was changed to Sylvania Electric Products Inc., on Aug, 12,
1942,
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Continued high profits in lamp making drew a new group of
unlicensed firms into the industry. A few of the unlicensed com-
panies were producing carbon-filament lamps, for which there
was still a small market; General Electric and Westinghouse no
longer produced such lamps. Most of the unlicensed producers,
however, were recently formed companies engaged in the pro-

duction of tungsten-filament lamps and were infringing the basic
Just and Hanaman patent.

3. General Electric Patent Litigation with Independents

Inasmuch as its Just and Hanaman patent had been sustained b
the courts and supposedly gave to General Electric a legal monop-
oly in the production, use, and sale of tungsten-filament lamps,
the big company attempted to limit the activities of the unlicensed
concerns. Around 1923 a new series of infringement and injunc-’
tion actions was brought under this and other patents. In addition,
since users of infringing products are themselves legally guilty
of contributory infringement, some large purchasers of Jamps
made by unlicensed firms were also faced with prosecution. Most
of the independent establishments producing tungsten-filament
lamps ignored General Electric’s patent claims.”® Quick profits
were their principal concern. They made little attempt to im-
prove their products other than by copying changes made by the
industry leaders. When successfully sued by General Electric
under a basic patent, a few of the unlicensed producers sold out
to the big company or otherwise liquidated and started business
soon afterward under another name. Such a situation led to con-
tinual conflict. By 1927 the output of the independents had been
forced down to 2 or 3 per cent of the domestic incandescent—lamp
business, while that of the General Flectric group had risen com-
mensurately. General Electric’s policy of eliminating the inde-
pendents by legal action and/or purchase was cheaper and more
effective than driving them out of business by competitive price
reductions.

Besides the Just and Hanaman patent on the tungsten filament,

18 The unlicensed manufacturers sometimes shipped their lamps secretly by
night to make it difficult for General Electric to gather evidence for initiating
infringement proceedings against themselves and their customers,
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Op;gnélg paglesE(l)ectricpCompany v. Nitro-Tungsten Lamp Lompany,
eneral o
C.A., 1920). o ' »
o oo Zéleedil()ez411(r§11(3:cessful defendants to mfrmgemigt a(e:;og?eugz)tﬁz S,V i
e Amon?l;l ect(;itc in which the Langmuir patent was 1iph% ni:;d ¢ Mo
by GeneraAle;:ander in 1921, the Continental Lamp ‘Works, Unised Lanp N erec-
ing: F. A, Corporation, and Incandescent Products, In]f'.’ mLam ’Company’ e
iiicctuézrrspor;)tign Nitr’ogen Electrilc Co_mpfgz};, lzgge}v[ i;e;l eapol}:i)s oy e
’ nc., in ;
ad B i MIQ;IZ(A)}]S};H&EI gl?gs;r}gnd Incandescent Lamp C(i;r;}:gany, Sunray Lamp
Company 1r11nc ahd Republic Electric Company, Ipc., in 9 hé}d by the House
C%?Pfa}?e%corf;spondiﬂg B e of fL ztllng r{);\;fresﬂ gf)ur}t)s in the case of the
i i he decision of the 1 of the
%f 'Lolidff;lrér}'lgsii{—lr—‘I?ZEﬁg;g (t]oempany, Ltd., aganst the Corona Lamp Works
ritis
i ny, Inc.
Lt2d3. General Electric Company V. Independent Lamp & Wire Company, .
267 Fed. 824 (1920).

ed in force for seven years. On
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January 15, 1927, a General Electric suit against the De Forest
Radio Company and the Robelen Piano Company was decided in
the Delaware District Court. The defendants were charged with
infringement of the Coolidge patent in the manufacture and sale
of radio tubes containing ductile tungsten filaments. The same
Judge Morris, sitting in a different district, found this time that
the discovery of the cold ductility of tungsten did not constitute
invention, and that both the product and the process claims of the
patent were void. The facts and arguments presented in the sec-
ond court action were quite different from those in the Independ-
ent Lamp & Wire Company case and formed the basis for that

surprising about-face. Judge Morris’ decision was reversed in

part on September 18, 1928, by the Third Circuit Court of Ap-

peals at Philadelphia, which held that the process claims of Cool-

idge were valid, although it was agreed that the product claims,

which covered the use of ductile tungsten wire in incandescent

lamps and related devices, were invalid.

Since the ductility of pure tungsten is a natural phenomenon,
it was held that a valid patent could not be granted which claimed
exclusive use for any product made of ductile tungsten, no matter
how important the innovation which had led to the technical
advance. Claims had to be restricted to the process for achievin
ducdility. The United States Supreme Court refused to reconsider
the decision of the Philadelphia appeals court on January 7,
1929.2* The process claims, which covered the Coolidge method
for preparing ductile tungsten wire, were thus finally upheld less
than two years before the expiration of the patent; at the same
time the product claims were entirely invalidated.”®

24 See General Electric Company v. De Forest Radio Company, 17 F(2d.) 90
(1927), 28 F(2d.) 641 (C.C.A. 1928), 278 U.S. 656 (1929).

25 Two British patents covering the Coolidge ductile tungsten innovation also
had stormy court careers before their final invalidation. A 1906 patent covered
a process and apparatus for the treatment of tungsten to make ductile tungsten.

A 1909 patent covered improvements in the technique for treating tungsten. The

1906 patent, which was the subject of litigation in the British Thomson-Houston
Company, Ltd., against Duram, Ltd., was invalidated in 1917 by the High Court
of Justice for making too broad claims and for want of invention; and that de-
cision was sustained through all appeals. The second patent was invalidated in
1925 by the House of Lords, after appeal, on the ground of anticipation by the
1906 patent. In announcing their decision, the House of Lords stressed the rigid

and narrow rules of validity to which a patent must conform before it may be
granted a monopoly.
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Since the basic Just and Hanaman and Langmuir patents were
still in force, the partial invalidation of the Coolidge patent two
years before its expiration date did not seriously weaken General
Flectric’s patent position. Chief Justice Taft had said in the Su-

reme Court decision of the 1926 antitrust prosecution against
General Electric and Westinghouse, “These three patents cover
completely the making of the modern electric light with the tung-
sten filament and secure to the electric company 2 monopoly of
their making, using and vending.” ** Although Taft was not cor-
rect in stating that the patents completely covered the lamp, it
was certainly true that they covered its most outstanding features.

4. American Lamyp Production and Trade
h 1925 the production of incandes-
cent lamps in this country had increased enormously. In 1914 the
value of electric lamps produced was $17,350,000. The principal
component of that total was 74,434,000 large tungsten—ﬁlament
lamps worth $11,886,000. Eleven years later the value of lamps
produced was $73,558,000, and 266,462,000 large tungsten—ﬁla-
ment lamps made up $54,892,000 of the total.2” With the develop-
ment of the automotive industry, the production and sale of
miniature lamps had grown even more rapidly. There had been
a steady increase from fewer than 15,000,000 units in 1914 to
close to 200,000,000 units in 1925. Table XIV shows the numer-
ical sales of large and miniature incandescent lamps, not classified
by filament types, from 1912 to 1926. The figures include im-
orts as well as domestic production,
" The character of domestic lamp pro
cally between 1912 and 1926. Carbon-
~declined in number from nearly 60 per cent of total output and
sales to only 1 or 2 per cent of domestic production and to less
than 6 per cent of all lamp sales. The tantalum lamp disappeared
in 1913, and tungsten reigned supreme. The larger tungsten—ﬁla—

General Electric Company, W estinghouse
v, and W estinghouse Lamp Company, 272

In the eleven years ending wit

duction also changed radi-
Glament and GEM lamps

26 United States of America ¥.
Electric and Manufacturing Compan

U.S. 476 (1926).
27 See Appendix D for complete census I¢

that interval.

ports on lamp production during
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l ABLF -
X, :(I V. LARGE AND MINIATURE INC -
ANDESCENT—-LAMP SALES

1912-1926
(in thousands)
Y ” DU
ear Large Lamps Miniarure Lamps Total

1912 85,469 -

o013 ) 5,379 90,848
lo1a i?g’g?? 12,442 117,509
1015 116,127 14,582 127,533
ole 150,491 23,713 139,840
17 ) 50,194 200,685
Lo18 }g?,ggg 74,890 254,216
119 180,675 72,556 253,577
1920 204,829 85,657 266,332
1030 168,589 118,146 322,975
102 ; 99,708 268,297
1027 ;i?,égz 129,470 339,679
1024 262,636 174,574 420,448
Lo2s 279,231 188,329 450,965
1926e o 1,000 199,641 478,872

s 220,000 531,000

a Fstimated from data for fi
: : rst ten months.
Source: Electrical World, Vol. LXXXD;,S p- 78 (Jan. 1, 1927)

ment lamps were gas-fi i
T e gas-filled, while the smaller ones were of the
Amer: ) .

amml:;etrg(cla; forleign trade 1 electric lamps during the twenties
qmounted t 10;12 27 a very small proportion of total domestic pro-
P 0.00 . » Imports totaled 35,631,000 lamps valued at

S K6 ’351 4.94 ()()()e same year exports totaled 7,935,000 lamps val

pec.ar $,494,000. That situation was typical of most otherP e ]

consis% ; lsame period. As is indicated in Table XV, the imy s

consi e hargely of carbon-filament lamps of low unit P(fftS

v Ore:isa nt; e ezgpo'rts consisted primarily of metal—ﬁllamen‘t]a ued

duping thepfy :ntg'sgg ar;nci;'f value. The principal foreign suppiizr

O £ e
a katm | ventie Countri;nany. Exports were for the most part
number of factors tend. d i

. I ' ed to hold foreign trade i i

mps to a minimum during that period. The m%st imporignilcefliercllcr
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) ) . 98 Gen-
was the international patent and patent—l{eensmg sippattﬁzr;rin(jipal

1 changed exclusive patent hcenges W principd
e EIeCtdlc n companies in many other important be,
lar_n}fi—glr: stlilp:lll?agtion that such technological advances must not
wit

1 icenst 1 ecified areas.

sed In competition against the licensing ﬁrm1 mfppm fied areas

‘Ilm orts of lamps into this country came mos}p (};h o sed
ﬁrrfr)ls and consisted largely of lamps upon whi

T E XV UNITED STATES IMPORTS AND EXPORTS’OF ELECTRIC
ABLE :
LAMPS
1925 L
ExPoRrTS
IMPORTS
-
—1 T Type of
ype .
Tg o ;f Number Value Lamp Number Value i
am
Metal- o0
g/{etal_ o| 71440008 374,000 filament | 7,239,000 $1,250,0
amen ,144,
All
) 244,000
glarbzillt 28,477,000 1,082,000 other 696,000
am ) y

10,000 8,000

o $1,464,000 Total | 7,935,000 $1,494,000

Total | 35,631,000

—_ . .
Source: U.S. Tar@ff Comumission,
133, 2nd Ser., ‘Washington, 1939, pp- _
expired; eXpOrts consisted pnmardy of
1 ial coun ‘
lxr;cel;leStgle most Suitgble fOI: Amensan p;(ppd
colonial and other industrially un e.\;ponp
were available for open sales competition.
Another important reason
was that independent producer
not make lamps of American f
producers. American methods for
assembly of lamps werc farther a | I
ation will be discussed In some detail in

Incandescent Electric
50, 54, 90, 95, 97.

28'The internagional sitw

Lamps, Report No.

patented lamps to nlpn—
i markets

i and South American 1
cries. The Central A certain
areas of the world

for the smallness of lamp 1mport§
s in most of the other nations ceul

standards as cheaply as Amerlc;n
both parts productlon‘ and the
dvanced and resulted in lower
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unit costs for the high-quality mass-production items. It was
partly for this reason that the lamps which were imported were
mostly low-quality carbon lamps.

A final factor in limiting American lamp imports was the con-
tinued presence of tariff barriers, although at a somewhat lower
level than formerly. The 1913 Tariff Act, which was the first law
to provide specifically for electric lamps, reduced the 45 per cent
and 60 per cent duties which had been applicable since 1909 un-
der a more general classification to a uniform 30 per cent duty for
glass bulbs, metal-filament lamps, carbon-filament lamps, and
lamps without filaments. The duty was further reduced to 20 per
cent for all categories by the Act of 1922, and it has remained at
that level with minor exceptions ever since. The reductions of
1913 and 1922 reflected the declining need of the American in-
dustry for protection, as well as the current national reaction
against excessively high tariffs.

Exports of lamps were small even though the leading produc-
ers in the United States were low-cost producers. License agree-
ments again presented the chief obstacle, although tariffs in most
other countries were higher than they had been at the end of the
nineteenth century. Few developed markets were available to the
two largest American producers, who were restricted by inter-
national patent licenses. The smaller licensees were prevented
from exporting patented lamps by the terms of their licenses; the
exportation of patented lamps would have constituted mfringe-
ment of patents which they admitted were valid. The unlicensed
companies were not sufficiently well established or stable to con-
duct much export business.

General Electric maintained its share of the domestic lam
business at a very high level between 1912 and 1926. The actnal
figure varied somewhat from year to year, depending on the cur-
rent situation with respect to the independents. The position of
the big company made it the price leader in the industry. West-
inghouse was obliged by the terms of its license to follow whatever
prices the licensor established on lamps patented by General

Flectric. The other licensees and the independents were free to
determine their own prices; but inasmuch as General Electric’s
costs of production were typically much lower than those of the
smaller producers—primarily because of cheaper parts and mate-
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i ion—the
ials. better machinery, and superior method_s of Ei{gducttelgéled he
o I’l companies did not initiate price reductlens. "hey fonded ¢
;mﬁl chgn es in General Electric’s list prices, m W1 \ hade}(;
. r?incouiged by the licensor, although th‘ey ?Sua t}}:eisr wded
:ﬁee leader’s discounted prices somewhat to stmuiate
Sal?;ne list prices established by General Electrlchi were az;eirrtlecciz
fied In felanor o p;Oduc?glrIZ CtooS tigzgéagge;hfeﬂsggrgle changes
descen(; lat?gn Ef)lsctzsfafr(i;l closely. The policy was not unaltkelra:fe,
hoore. ucf r General Electric used prices to encourage the c
hOWCVerla . s which it wished to make standard and to dlscougag
i o hose i’mgose which it wished to eliminate. Sueh a proce in"e
i the see 01 ted to hasten the replacement of various clelar—gdési
Wases I;fft)e(r)}ihe inside-frosted lamp had_ been mtroducei. t él ; -
ion. General Flectric attempted to price its lamps soC; main-
P hare of the total American lamp market. . 011np1 ;
i?llrne;s vsveie recognized by cuts in the prices of particular lamp
et the’ genefriLE 2(C)ﬁlefz‘iil'tungsten lamp fell from 55 cents 11(11
Thﬁ p?901620to 27 cents by April 1, 1915., as the ll(linl%evenrseI
. f’ tureés increased their output. Durnng World gr ice,
e o nd declining competition led to increases 151 pr ;
with EOS{ES al increase to 40 cents occurring in 1920. Reb uctlortlo
P ?1 rl:lj'llen the market share of the 1ndependentsd egan t
ff)ll({WC 92‘;, nd the 27-cent price of 1915 was reach_e afgaln k11n
n;;inln 19’22 the price was lowered to 25 cents. Prx_cleil ora; ies
lther. sizes of tungsten—ﬁlament lamp ﬁuctuate2 . gsm’][l‘ ;16 };1,0 =
?ndicated by the data of Table i(O}S(tSo:lo p;;%(e)unt éo e normal
relarionship Wfasligg ; gz(eiuaflttlk?gugh proﬁt margins were grea(;eg
b Per'Centhh_ h VPifattage, which the Smfﬂl manufacturedrs 1et
for 13111[)5 ﬁ 1§oduce; The independents in general coulﬁt 1:11];—
the g plc?alyE{)ectric prices only by accepting smaller pro e
e Ttk - dent that General Electric’s profit margins we s
i L where discounts amounted to 50 per cent O
" B ted for raising or low-
the rise or fall of costs.” (Hammond, op cit.,

29 “In, the belief of General Flectric only one basis exis
ering lamp prices. That basis was
p. 342.)

considerably increased thereafter. An option to bu

will. Shortly after 1918 the two smaller

Jan. 27, 1941, p. 34, and Answer of De

 Tariff Commission, op. cit., p. 40.)
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price the big company had a working margin of from 50 to 100

per cent of cost. The independents could have shaded that per-
centage considerably and still have made a good living, had it

not been for General Electric’s impregnable patent position up
to about 1930.

5. Supply of Lamp Parts and Machinery

General Electric’s position with respect to lamp parts and ma-
chinery became stronger than ever after 1912. Following its
acquisition of the Providence Gas Burner Company as a result
of the 1911 consent decree, it was the only manufacturer of a full
line of lamp bases in the United States until 1923, when for

$25,000 it sold to Westinghouse its trade secrets for

the produc-
tion of lamp bases.?® After thar date Westinghouse manufactured

bases for its own use, while General Electric continued to supply
other producers, both licensed and unlicensed. Unlicensed firms
also satisfied some of their Trequirements through imports.* Prior
to 1927, the Providence Base Works allowed special discounts
to General Electric lamp factories and to Westinghouse. In addi-
tion, General Electric was able to keep track of lamp output by
the unlicensed firms through its sale of bases to them.

In the production of glass bulbs General Electric similarly be-
came increasingly important. The Fostoria Bulb & Bottle Com-
pany had been acquired by General Electric as a result of the
1911 consent decree. General Electric then produced bulbs for
lamps until 1918, along with the Corning Glass Works, the
Libbey Glass Company, and two smaller glass plants. On De-
cember 12, 1918, General Electric leased Libbey’s bulb and tub-
ing facilities and acquired an exclusive license under Libbey’s
associated patent rights. General Electric’s glass production was

y accom-
panied the lease, which expired in 1928. In 1932 Corning pur-
chased Libbey’s lamp-glass business—plants, equipment, and good
bulb-making companies

ral Electric Company et al., Complaint,
fendant General Electric, May 15, 1941
. 11,

30 United States of America v. Gene

31 “Brass bases for electric lamps are dutiable at 45 per cent ad valorem.” (U.S.
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ic and Corning were
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f olass bulbs during the twenties amounte 0 Oy 2 o T, wete
82 Imports of glass n. For example, 17,140,000 blilbs, valu Lac SIS0 B
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General Electric machiner
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Engineering Company, 20 F(2d.) 33 (C.CAA., 1927),26 F(2d.) 12 (C.C.A., 1928),
and 43 F(2d.) 319 (C.C.A., 1930).
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or sale to its licensees. Westinghouse did some of its own ma-
chinery development and production, while the other licensees
normally purchased or leased 21l their equipment from General

Flectric or other suppliers licensed under General Flectric pat-

ents. Two of the three 1eading outside producers of lamp-makin,
machinery—

the York Electric & Machine Company and Alfred
Hofmann & Company—were licensed under the machinery
patents of General Electric. They were permitted to sell the
patented machinery only to lamp licensees of General Electric.
The Eisler Engineering Company was the third leading out-
side supplier of lamp-making machinery. It was not licensed by
General FElectric, and the unlicensed lamp manufacrurers ob-
tained most of their 1amp—making equipment from it. The Eisler
equipment was less automatic and of considerably less speed

than the machinery used by the General Electric group. How-
ever, 1t was considerably lower in price.®

All in all, General Electric was quite successful
the major sources of the principal lamp parts and o
ing machinery. The licensee
the protection of the licenso
the best of their difficultie
materials and machinery.

n tying up
f lamp-mak-
group moved along smoothly under
r. The unlicensed firms had to malke

s with 1ower-qua1ity or higher-cost

6. Antitrust Action of 1924

There was a pause in the normal evolution of the electric-lam
industry during the middle of the rwenties. Early in 1922 the
Lockwood Committee of the New York State legislature in-
vestigated the incandescent—iamp business among other alleged
combinations of manufacturers in violation of the state antitrust
laws. Extensive hearings produced a number of complaints against
the methods employed by General Electric in the lamp business.
Independent manufacturers charged legal harassment, exorbitant
profits, and unfair tactics. General Flectric defended its actions
as fair and legal in view of its admitted patent monopoly
33 Fisler was sued four times during the twenties for alleged infringement of

y patents. Fach of the patents was declared invalid
General Electric. (See General Electric Company v. Eisler
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) . arify the mat-
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S he evidence, the dis . .
er presentation of t , equity. The
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tinghouse. . .. S court, stated
Wéshiefg] ustice Taft, in writing the O'leoél o ttk;ffctive terms in
that a patent holder had the right to include res
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34 Electrical World, Vol. LXXXIIL, p. 637 (Mar: 29’the Circuit Court of Ap-
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licenses granted to other producers. Since the patentee possessed
a legal monopoly over the production, sale, and use of the pat-
ented article, he could legally exclude all others from such activi-
ties. The granting of any licenses at all, even with quantity, price,
and other limitations, was thus declared to be legal. Moreover,
the court found that the method of distribution whereby thou-
sands of merchants became selling agents for the large producers

of electric lamps was a true agency relationship and did not violate
the antitrust Jaws.3¢

38 The decision was important to the development of the electric—lamp in-
dustry, and it was also important to patent law in general. Because of that face,
summaries of the statements of law made by Chief Justice Taft in the decision
are given below:

“Monopoly—Appointing Agents for Sale of Goods at Fixed Prices—

“l. An arrangement between a manufac
chants by which the latter become a
by him, under which the title is reta
sales are under his control, is not inv
ing the system of distribution exten
number of agents who are require
made, are made res

Validity
turer of a patented article and mer-
gents for the sale of his goods at prices fixed
ined by him until the goods are sold and the
alid under the Anti-trust Acts, notwithstand-
ds over the entire country, embraces a large
d to guarantee the accounts when sales are
ponsible for all stock lost, missing or damaged, and agree to
t shortage, cartage, local distribution, handling, sale and dis-
tribution.
“Monopoly—Fixing Price to Consumer
“2. A manufacturer does not violate the common law or the Anti-trust Acts by
seeking to dispose of his product directly to the consumer and fixing the price
onsumer.
“Patent—Scope of Assignment
“3. The owner of a patent may assign it to another and convey the exclusive
right to malke, use, and vend the invention throughout the United States, or any
other divided part or share of that exclusive right, or the exclusive right under
the patent within and through a specified part of the United States.
“Patents—Licenses—Construction
“4. Conveying less than title to the patent, or part of it, a patentee may grant a

license to make, use, and vend articles under the specifications of the patent, for
any royalty or u

pon any condition, the performance of which is reasonably
& within the reward

which the patentee, by grant of the patent, is entitled to secure.
“Patent—Right to Exercise Control over Purchaser

“5. Aftera patentee sells the patented article he can exercise no further control

_over what the purchaser may wish to do with the article.

“Patent—Right to Limit Sales by Licensee

granting a license to another to make and sell the patented

e method of sale and the price, provided the conditions of
pted to secure pecuniary reward for the

“6. A patentee in

patentee’s monopoly.”

(United States of Americav. General Electric Company,

Westinghouse Elec-
tric and Manufacturing Company,

and Westinghouse Lamp Company, 272 U.S.




Chapter X: INCREASING COMPETITION IN
THE AMERICAN INCANDESCENT-

LAMP INDUSTRY: 1927-1947

1. Competition and Growth, 19271941

e vnneme G STRZCTP?{;n of November 23, 1926, seemed
ourt decist '

1 o Su};rce:tltlf‘:la(t: the methods of control e}.(er.mse% by Gzrtlzgi
Flomts assur?d be continued. The licensor’s pr1nc1pal am}i1 p tents
Electn:t:) COF to expire, however. The ]qst and Hinam?n ug ne
e o o t i}r)1 1929, and the Coolidge gnd langh tgree
was to run 0{1 se in 19;0 and 1933, respectively. Those three
e s wore ;P strongest elements in the patent—hcensmg 'Sl -
D ad in the'r absegnce the structure could not so %Sl zf.n °
mair a'nd b It elddition the 1912 license grante_d to Wes 1t§d
maintaned, aire Witil'ln a few years, and the hcensesfgran
hOli;e YrisaﬁZreigmpanies were to terrninate1 %)lcmt?ifrtes }:Ed e

s i i or General Elec

oot parltlcmalilu};ilr?elgsocr::)?;ufcted by Westinghouse to ad%ii
-y Ofag;:e f?rlpWestinghouse was the second largest pro
percentage,

4

i iti0n. : tr
domestic saes comb e ible increase in competition for

i chinery.
Jamps, lamp parts, and lamp—maer;gwnel?e expir}':ng, General Elec-

Althoug the three base patingering incandescent lamps and
S ~
i d many lesser ones ‘ s
Jar OW:liin ma}lz:hinery which were to cont}nui) in force o
— earnghey were collectively of great imp
many years.

0 extend the licenses.

1 The final invalidation of thg _produ
occur until 1929, after the revision an

patent license had taken place. .

i did not
ims of the Coolidge patent ;
fit gzgtllerlr]‘ssion of the Westinghouse lamp
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Westinghouse wished to continue receiving favored treatment
from General Electric and to continue operating in a well or-
ganized market; but it insisted on a larger percentage of the do-
mestic market. Accordingly, on June 15, 1928, the two large
companies signed a new “A-type” license agreement dated as of
January 1, 1927, to supersede the agreement of 1912. The new
agreement licensed Westinghouse to make vapor lamps covered
by General Electric patents as well as the large and miniacure
mcandescent lamps which it had formerly produced. Its quota
was increased to 22.4421 per cent of the aggregate net domestic
sales of electric lamps by General Electric and Westinghouse.
The quota was to be increased 1 per cent each year until 1930,
when it was to become fixed at 2 level of 25 4421 per cent. Those
percentages corresponded to 28.94 and 34.12 per cent of the net
sales of General Electric alone. The royalty was fixed at a flat
rate of 1 per cent, although the penalty for exceeding the quota
was increased from 10 per cent to 30 per cent. Other terms in
the new license agreement similarly eased certain provisions
of the former license while tightening others. The effect was to
give Westinghouse a somewhat larger share of the industry and
greater financial returns while imposing more rigid terms upon
it to prevent uncontrolled competition. The most Important
provisions of the license, which remained in force until the middle
of 1945 in essentially unchanged form, are included in Table
XVT,

There were eleven small licensees of General Electric making
incandescent lamps in 1927. New licenses for those firms to re-
place the ones originally granted between 1916 and 1922 were
offered in 1933 and 1934, when the old ones were about to expire.
By that time the licenses and quotas of five of the licensees had
been transferred to other licensees, or their licenses had been can-
celed by General Flectric. The remaining six concerns were
given new licenses with unchanged quotas to supersede the
former arrangements.? Those concerns, the locations of their
plants, the type of lamp for which each was licensed, and the

#The B licensees had been given minimum sales quotas, regardless of their
percentage quotas of General Electric’s sales. The minimum was increased from

850,000 in 1916 to $75,000 in 1922, $150,000 in 1924 and $350,000 in 1925.




TapLe XVI: SUMMARY OF PRINCIPAL PROVISIONS OF A AND B

LICENSES GRANTED BY GENERAL ELECTRIC FOR THE DOMESTIC

MANUFACTURE OF ELECTRIC LAMPS
1927-1945

| i i isi r B Licensees
; Topic Provision for A Licensee | Provision fo

Large incandescen_t only
to Hygrade, Consolidated,
Kentucky, and Econom-
ic: miniature incandescent
or;ly to Tung-Sol and
Chicago Miniature

o
1. Types of lamps in- | All types (large and min-

cluded in license jature incandescent, va-
por, etc.)

28.94% in 1927 increasing| Large mcande;czezn;zg/nlyt_
in three steps to 34.12% in|to I—][y_grald?i s (07, t((;
1930 and thereafter # Consolidated 3. s
Kentucky 1.7584%, to
Tconomic 0.8998%
Miniature incandescent
only—to Tung-Sol
26.71956%, to Chicago
’ Miniature 2.975% _
(Shortage from precedmg
year to be added to quota
in an amount up to 10 per
cent of the quota for the
year in which the shortage
occurred)

2. Sales quota (as per-
centage of net sales of
licensor)

3. Determination|Must follow licens_olr Self-determined
.De ¢
of prices, terms, and| (must not interfere with

s ] ent plan of li-
ns of sale consignin :
conditio censor by offering better

terms to agents than l{—
censor, or in other speci-

fied ways)

39, (based on prices of
licensor)

i that portion of
0 deficiency from{209% (on t po ;
g Royalty 1-(Atfe Onotflales 317;7:&055 year up to0 3% of | the excess which is gre:zizlr
o excess of 4 puota to be added to quota| than 5% 05 tfkile.quota, fa ot
i i allowed deficiency {ir
in figuring excess) previous year has been

added to quota)

10%

4, Royalty rate on quota 1%

!

6. Amount of excess of|5%
sales over quota con-
stituting breach of
agreement

4421 per
2 These percentages appear in the license agreement as 22.4421 and 25.4421 p
cent of the combined net d

. ; .
omestic sales of General Electric and Westinghous

TasLe XVI-Continued

Topic

Provision for A Licensee | Provision for B Licensees

7. License for export

national agreements

Granted for export to|Not granted
countries to which licen-
sor itself may export un-
der the terms of its inter-

8. Use of special trade
name “Mazda”

Granted, except in con-
nection with export sales

Not granted

9. Access to technical
improvements made
by licensor in fields
covered by license

Complete information

10. Exchange of cost data

No provision

Complete exchange

No provision

11. License to make bulbs,
tubing, or cane

Granted for miniature
bulbs made from tubing
(in amendment to original
agreement executed June
15, 1928, as of Jan. 1, 1927)

Not granted

12. License to make lamp
bases

Granted

Not granted

13. License to sell machin-
ery, filaments, or other
parts

Not granted

14. License under licen-
sor’s foreign patents

Not granted

Not granted

15. Validity of patents in-
volved

Not granted

Admitted over life of li-
cense

Admitted over life of li-
cense

16. Duration of royalty-
free license, with right
to sublicense, granted
to licensor on patents
of licensec in fields of
principal license

Duration of principal li-
cense only, if principal
license canceled

Life of patent

17. Term of principal -]
cense

-_—
18. Termination by li-
censor

Jan. 1, 1927, till expiration
date of patents issued or
applied for to that date

Varying dates in 1933 and
1934 to Dec. 31, 1944 (un-
less extended)

If licensee willfully vio-
lates terms, upon’ sixty
days’ written notice

If licensee willfully vio-
lates terms, upon thirty
days’ written notice

19. Termination by li-
censee

On two years’ written no-

On six months’ written

tice (only after Jan., 1935)

noticé

Source: U.S. Tariff Commission,
. 133, 2nd Ser,, Washington,

1939, pp. 111-135.
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i i which each
reentage of General Flectric’s net domestic sales wh
© )
PWas permitted to sell were as follows:

Plant Lamp Percentage
Company .
i Salem, Mass., and Large mcan-
H%grade Sylvania aS?t. Mary’s, Pa. desc_ent 8.2242
ook i 258. Laree incan- ’
Consolida(t:ed Electric  Lynn, Mass d’éscem 3‘890?5
Ry E i Kv. Largeincan-
Kentucky Electric Owensboro, Ky dgscent .,
Lamp Co. . et
i Mass. arge
Feonomic Lamp Co. Malden, Ma dgéscmt 05008

Miniature in-
candescent  26.71956
Minijature in-
candescent 2.975

Tung-Sol Lamp Newark, N.J.
Works, Inc.
Chicago Miniature

Lamp W orks

i ied over
« provisions of the old “B-type” hcens'es were carrie Ve
inzils\ér?tially the same form to the new .hcgnizs. ZVri:ah hr% e
ller quotas, the B licensees were required lf yf gher
oy li r;te of 3 per cent @ and were otherwise glveg Fss zweq e
s icensees
tez?fms {han Westinghouse (see "_fable X‘l\ﬂ)a }“h(e; B licensces e
Westinghouse also exchanged hcepses mrou(%elr Seneral Lo
which liad the right to grant "su.bllc.enses unmder ;iemS ol 1
licensees. Westinghouse rfacewed ficenses L“ ) p1 s owned
mer%u B licensees for the life of each patent, while the -
by mel*' "m;ed under Westinghouse patents only as 101'.1% as tl‘le.};
Were’rj;d iicensees of General Electric and stayed within thel
remat

Chicago, L

e i he B-license structire con-
Except for a few minor changes t

3 Ken-Rad Tube
anued unaltered to the end of 1944, In 1932 thﬁ ' i:fnqﬁota Lube
5 C rer e sell1
1 C ; took over the assets and ¢ g a of
e Ky i) i hich was
;;bsidigryv thf Kentucky ilectric Lamp Com_pagy,l ;/Vasszts was
then d?ssoived. In the same yearglygrade af}?kllggy t1 ;lcmag;ng im
» i Mpany e SIng 1t
f the Economic Lamp Company, sing 1t
dloia too 9.124 per cent of General Electric’s net donmesnc iq;els
: ' i q a
Eﬁ?@ assets and license rights of the f\fosburgh P&gm}mirgezg hag
Company which had been purchased by Hygrade in ,
3 i the
Yty rate was 3% per cent of net sales, based Ondthf p];c:zpzfrti;g
I . Thle: &?ﬁhz discount of 10 per cent for prompt payment and prop g
censor,
rleduced the effective rate to 3 per cent.
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been sold in 1929 to the Tung-Sol Lamp Works, Inc. The only
other important change was the extension of Consolidated’s li-
cense in 1939 to cover the production of fluorescent lamps. From
1936 to 1944 there were only three licensed producers of large
incandescent lamps and two licensed producers of miniature in-

candescent lamps in addition to Westinghouse, which made all
types of electric lamps.*

THE RISE OF JAPANESE COMPETITION

The distribution by value of the domestic market for incandes-
cent lamps in 1927 was approximately as follows: Genéral Elec-
tric, 65.3 per cent; Westinghouse, 17.7 per cent; other licensees,
11.9 per cent; and other producers (including imports), 5.1 per
cent.” That situation continued untl after the expiration of the
controlling Just and Hanaman patent. The Langmuir patent was -
still in force, but, since gas filling of tungsten-filament lamps adds
materially to efficiency only in sizes larger than 60 watrs, it did
not hinder the unlicensed sale of large tungsten-filament lamps
of low wattage. The principal remaining obstacles were General
Flectric’s Pacz Improvement patent on tungsten wire and its
Pipkin patent on inside-frosted bulbs,® which caused most un-
licensed domestic concerns to move cautiously for a few years.
While the domestic independents increased their operations
slowly at first, lamp imports rose rapidly after the expiration of the
Just and Hanaman patent. In 1930 imported metal-filament lamps
leaped from their 1929 level of 947,000 large tungsten-filament
lamps worth $41,000 to 11,651,000 lamps valued at $391,000.7
That quantity was doubled in 1931 and tripled in 1932. Imports
then fell to an annual average of about 25,000,000 lamps, which
was maintained until 1937, They dropped to 10,000,000 for the
period from 1938 to 1940, and then ceased abruptly because of

4 As of 1938, General Electric o

perated six plants in Ohio for the production of
mcandescent lamps, lamp bases

and glass bulbs, tubing and cane; a lamp-base
plant in Rhode Island; and one lamp plant each in Massachusetts, New Jersey,
New York, Missouri, and California. Westinghouse operated a lamp-base plant
in Belleville, N.J., and lamp plants in Bloomfield and Trenton, N.J.

5 United States of America v, General Electric Company, et al., Complaint,
Jan. 27,1941, p. 49, and Answer of Defendant General Electric, May 15, 1941, p.
14.

6 These developments will be treated in Chapter XII.

T U.S. Tariff Commission, op cit., p. 50.
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the war. During the early thirties imports of miniature tungsten-
filament lamps increased even more rapidly, rising from about
3,500,000 lamps worth $86,000 in 1929 to more than 100,000,006
valued at over $500,000in 1936 and 1937. Those imports were also
ended by the war.
Before 1930 the imports of incandescent lamps had consisted
primarily of carbon lamps from Germanyr; after 1930 they were
chiefly tungsten-filament lamps from Japan.® Independent Japa-
nese manufacturers were virtually the only producers in the
world outside the cartel who were able to make tungsten—ﬁlament
lamps cheaply enough to compete in the American market on a
price basis.” Their lamps were far below the domestic output i1
quality, however. In 1938 the American-made 60-watt lamp sold
for 15 cents in this country, whereas at the then prevailing rates
of exchange foreign-made lamps of the same wattage were sold
in their respective countries as follows: Japan, 7 cents; Canada,
20 cents; France, 22 cents; Switzerland, 30 cents; Sweden, 33
cents; Belgium, 34 cents; Czechoslovakia, 36 cents; United King-
dom, 39 cents; Hungary, 46 cents; Germany, 48 cents; and the
Netherlands, 70 cents.*® The differentials were somewhat smaller
for lamps of lower wattage. This comparison does not represent
relative costs accurately, of course, for varying degrees of mo-
nopolistic control over domestic prices and fluctuating exchange
rates distorted the international cost picture. Tt is indicative, how-
ever, of the higher costs in most of the principal lamp-producing
countries. An important reason for the very low price of Japa-
nese lamps was the devaluation of the Japanese yen from an
average of 48.851 cents in 1931 to an average of 28.111 cents in

1932 and 25.646 cents in 1933. Despite American devaluation of

¢he dollar in 1933, the value of the yen remained below 30 cents
through the 1930’s.
The combination of patent expiration, currency devalution,
and low labor costs made possible the enormous increase in the
sale of Japanese tungsten-filament Jamps in this country during
8 The Tariff Act of 1930 raised the duty on carbon-filament lamps from 20 pexr
cent to 30 per cent, while leaving unchanged at 20 per cent the duties on all other
types of electric lamps and glass bulbs G&id., p. -
9 The leading Japanese producers were members of the international lamp

cartel.
10 [bid., p. 49.
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the thirties.”® Even with the tariff
e th ' rate of 20 per cent
gn}()l lat: l:(r)ig)sf retall?d for about 10 cents durirfg the ealil;fhtehil?é%se
by the Cromeil 9}51 as 1_ttle as § cents. With large lamps produced
oY 3oC Seneral Sizectr%c group selling from 1930 to 1935 at prices
 ready mrions 55 ot 60 watts or less, the Japanese lamps found
2 [oady marker .b espite the:n~ lower price, they were in almost
lfe, and much gresser varhbiey i perfomner Y oM
andn : _ in performance.
iy Standarrételz r';heS 1greased imports without reducing the prices
brosght mat };9,3 eneral Electrxc and its large-lamp licensees
Droughe out In 1 2 a new line of 7Y%~ 15-, 30-, and 60-watt
candes Standardpﬁ. These, qalled Type D to distinguish them
ot standard al;lg, a’t,nd priced at 10 cents, were not sold under
e They were 4 a,” even by General Electric and Westing-
ey were 6151gned to have fairly high efficiencies afd
phore bves. The 0 a;lrger sizes were rated at lives of only 500
hours 13 cor %"W Wllt 1,000 hours for the standard lamp a}tf that
ot larmp e 1 403% amp was rated at 750 hours and the 714-
watt lamp at e.,l ! hours. They were economical only for COIZI—
sumers whose Se Frlc1 rates were ‘hlgh. The increased imports of
mniatus riCep ,d incl ud1qg Christmas-tree lamps, precipitated
e addi}zion tzet }llle(:t(i?isc in thp reglll(lar miniature iine. prate
b action taken by the Gener i
Sgoug }}l)ttgofr(:;rrllrtsr thT thx:eat of Japanese irf}lfports, lamp iﬁfﬁcﬁz
G b ;n? assistance 1n excluding the foreign product
O appeal was ade to the United States Tariff Commission t(;
Department ondered. the masention ¢ dimos e, Treasury
epart n of dumping duti i
gt }iess steh iirr}};?ron lthe grou.ngl that they Wexz l?kely iCOS E?eg zlcr)lfg
ac less than fai va lfle and injure the domestic industry.”® Cus
toms officials (2)1 so r; used to admit Japanese lamps with rr;arkin ;
smilar to SZ of General Electric’s lamps. In addition E
e used by General Electric to bar the lamps of ce}t;ﬁe}

11 Exports of i
the samlz leve(l) a;né:igclllesc;nt lamps‘ from this country remained at sub i
and miniature lamps Co%n E).e t&”?ﬂes, averaging annually about 10,000 (S)B::)n?all
Pt ined. p 000,
(Zl:ilzd" Pp- 54, 97). ¢ heir average total value was around $1 00028%(6)
A few years later th . [tae
e rated lives of the 75- . .
standard lamp were reduced to 750 hours in orde,i'stz)vzgt to 200-watt sizes of the

18 Electrical World, Vol. CII, p. 425 (Sept. 30, 1933) ain greater lumen output.
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Japanese distributors, who were charged with violating patent
rights in the sale at “ruinously low prices” of short-lived and
inefficient lamps. In combination, these defensive measures plus
the normal preference of American buyers for lamps produced
in this country held Japanese lamps in check during the rest of

the decade.

INCREASING DOMESTIC COMPETITION
The introduction of the Type-D lamp by the General Electric
group was also a defensive move against the unlicensed domestic
manufacturers. With the expiration of the Just and Hanaman
and other basic patents, many new firms entered the industry and
older firms gradually began to expand. Where the independents
had been small and insecure concerns before 1930, there emerged

a growing number of responsible producers after that date.*

D . -
The number and market share of the unlicensed firms in the pro-

duction of large incandescent lamps rose gradually at first, and
more rapidly after 1933, from a few small firms supplying 2 per
cent of the domestic demand in 1929 to pre-World War H peaks
of about twenty firms in 1937 and 14 per cent of the industry in
1941 (see Table XVII). During those years the total market for
incandescent lamps continued to expand, except for a brief pause
from 1930 to 1933.1% Around the middle of the thirties the pro-
duction of the independents numerically surpassed that of Gen-
eral Flectric’s B licensees. Table XVIII lists twenty-five firms
which in 1938 were making various types of incandescent lamps
without license from General Flectric. Most of them made large
lamps with tungsten filaments, but several produced minature
tungsten-filament lamps, and a number still made lamps with
carbon filaments. Despite the growing share of the unlicensed do-
mestic producers, however, General Electric and Westinghouse
maintained their proportions of the market virtually unchanged.
The relative losses were suffered by the B licensees and foreign

imports.
The domestic mar

1¢ The independents abandoned their secrecy of production and shipments to

take their chances with General Electric infringement saits.
15 See Appendix D for census data on the production of incandescent lamps

ket for miniature incandescent lamps was

during that mterval.
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Tapre XVIII: UNLICENSED PRODUCERS OF INCANDESCE
IN THE UNITED STATES

The Mature Lamp Industry

267
divided during the thirties in essentially the same manner as that
for large lamps, although there were some differences (see Table
XIX). The large quota of Tung-Sol increased the B-licensee
category for miniature lamps other than Christmas-tree lamps to
a total greater than that of Westinghouse, and General Electric
itself had 2 slightly wealcer position in that branch of its lamp

TasLe XIX: pisTrRIBUTION (PERCENTAGE) OF THE INCANDESCENT—
LAMP MARKET IN THE UNITED STATES

1939
CHRristMAS-TREE
Larce Lawmps MiviaTure Lames Lamps
$ Value | Quansity | § Valye Quantity | § Value | Quantity
General
Electric 59.3 58.7 52.5 49.9 67.0 53.7
Westinghouse 20.8 19.0 18.0 16.4 10.3 8.5
B Licensees 9.5 9.2 20.5 21.2

Unlicensed do-

1938
Types oF Lavps MADE
Tungsten- Ciarbonr
PLANT Filament Filament
e Mini- Mini-
Large | ature | Large | ature
X
American Lamp Co. 1131 Berlgelll\,I 1\} J- x
Atlas Lamp Corporation 1ewar i AT
Birdseye Electric Co. iC\}Ioucels{ 1\} I .
Carlton Electric Lamp Co. Newark, N. I x
Dura Electric Lamp Co. ewark, N. |
X
Duro Test Corporation gév]?:rrl%e?\,x 1\} J. x .
Eastern Lamp Co.® ) . )
Elaram Lamp Works gObO%{ZZI;LNN:]Y_ x
Everbest Engineering Corp. ew ! 1ar;d e
Herzog Miniature Lamp Lolr\}g Ys . . .
Works, Inc. Y. ]
[ —
Imv%erilils Miniature Lamp Newark N. g\I X .
or \ .
Jewel Incandescent Lamp Co. |E. Ne{;varll\,N % x
Lightmore Appliance Corp. gz\g()kzrrl ’N_.]_ x
Marvel Lamp Co. : , . .
Mi;‘:ieer Electrical Co. Springhield, Mass L
.
North American EICHCIse. Louis, Mo, x| o=
a . . -
Pegnsylvania Illuminating Seranton, Pa. .
orp. x
Radiagt Lamp Corp.? gﬁwaﬂ({), 11\{1 J. . .
Safety Electric Co. < ic(;;% ,Ohi;) .
Save Electric Corp. __O_:c___’ B -
X
Slater Electric & Mfg. Co., Inc.|Brooklyn, 1{? JY )
Vulcan Lamp Works, Inc. Harrllzlon, N Y .
Wabash Appliance Corp.c svroo yn{,)a1 LY. x
Warren Lamp Co. War(;err;;lge N ik
Wonderlite Co. . )

ing Co.
a Also known as Sterling Products Co. and Cosmo Manufacturing
King Manufacturing (;o: Works.
A o als tl}rxleg name of its subsld.\ary,. the Sun Glo Latr%)lecmc s,
Sve kIR)(\iW nteg from U.S. Tariff Commission, Incandescen
Rgsc?rrtc;oﬁ 1%1;, ond Ser., Washington, 1939, pp. 100-101.

Imported 0.6 2.0 1.2 3.9
lamps

1364, United States of America v. Gene

Jan. 27, 1941, p. 50, and Answer of Defendant General Electric, May 15, 1941,
p- 14.

business. In the sale of Christmas-tree lamps,
much larger, while the independents and B licen
none. For all categories, the lower avera
imported or made by the
those groups a smaller perc
number of lamps sold.

wWas its extensive promotional cam
operation with the utilities with th

mestic firms 9.8 11.1 7.8 8.6 1.1 1.1

21.6 36.7

Source: U.S. District Court for the District of New Jersey, Civil Action No.

ral Electric Company et al., Complaint,

imports bulked
sees sold few or

ge umt value of lamps
unlicensed domestic producers gave

entage of the dollar value than of the

Another defensive tactic of General E}

ectric during the thirties
paign for Mazda lamps in co-
e slogan “Better Light, Better
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Sight.” Great effort was made to raise the lighting standards of
the country and to sell more 60-watt and later 100-watt lamps,
instead of the smaller sizes. The campaign, which was continued
for several years, was designed to combat the general business
depression and stimulate electric-power sales as well as to meet
the increasing threat of independent famp producers. Although
total lamp sales by General Flectric and Westinghouse did de-
dline slightly from 1929 to 1932, the decrease was very small,
and recovery after 1932 was rapid. The total business of the
independent lamp manufacturers increased steadily, nevertheless,
during even the worst of the depression years.

The course of large tungsten-lamp prices from 1927 to 1941
is indicated in Table XX, along with the rest of the tungsten-
lamp price history. Substantial reductions were announced for
all lamp sizes during those fifteen years. On average the cuts
amounted to about 60 per cent of 1926 list prices on lamps up
to 200 watts; the reductions were much smaller for those of higher
wattage, which were not made in large quantity by the inde-
pendents. General Electric continued to be the price leader for
the industry. The stated policy of adjusting prices to changes n
production costs was also continued, but there were some im-
portant deviations from that policy to achieve the goal of main-

aining General Electric’s percentage of the business. No re-
ductions in price were initiated between 1929 and 1933, although
costs declined. Substantial unit proﬁts tended to maintain total
profits for the General Electric group despite slightly reduced
sales. Price reductions were made belatedly in 1933 and 1935,
partly as a defense against the increasing sales of unlicensed do-
mestic and foreign producers. The reductions of 1940, and the
ones which followed in 1942, seem also to have been defensive

moves by General Electric to counter rising competition, for the
wartime increases in production costs were getting under way
in those years. This conclusion seems justified particularly be-
cause the reductions were concentrated among the lamps of rela-
tively low wattage, which are the principal types made by un-
licensed producers. The 1940 and 1942 reductions lowered the

rices of lamps from 15 watts to 60 watts by one-third; the prices
of lamps from 75 watts to 150 watts remained unchanged; and

TABLE :
e XX: LIST PRICES ® FoRr SELECTED SIZES OF LARGE TUNG
~FILAMENT LAMPS FOR GENERAL LIGHTING ]
1907-1947

PDﬂte of List
rice Changes 15~ 25- | 4
& E 0 | 60-H | 75-W |1

Nov. 16, 1907 00 IS0\ 20071500 1000~
May 12,1908 | $1.50 | $1.75

t. 1 k ‘ 2.
Nov 1’3191%3 $0.85) 110 1.40 $1 g?
July 12,1909 o 100 ‘
Sept. 1, 1909 . 8250
Jan. 1,71910 '§° 201 1.25 ] 160 225
July 1,1910 700 80 1.10 1.45] 210
Apr. 1, 1911 1350 ...,
Dec. 19, 1911 T e | 200
Mar.1,1912 50 501 ik
Oct.'1,1912 0l B3| Ts 110 | 165
July 1, 1913 200 AL s 60 90| 1.35
Apr. 1, 1914 N e I - 80| 120
July 1.1914 : : 304 40 70 1.10
Oct. 1, 1914 N 600 240
Apr. 1, 1915 27| Tar| s i ol $3.00 e
July 1,1916 ' : 36 1.00 | 1.051 200 4.50| 7.00
Jan- 1, 1918 50| o) ae) s | P08 ] sl s : 7.00

t1 . : : : 70
Apr. 1 100 Sslo3s| 35| o] L Sod e e B B
o% 17 1951 AV A0 a0 s TSt s a6 | A |
Apr. 1, 1922 5ol il el ol 70| 100f a0 te0| ats| 67
OFF 17157 351851 35 40| ] Tes| 1i30| 1o 3ae| &0
May 1, 1923 ol oas | | cae ] 601 75| 100 1. : :
Feb 1) 1954 R T 1 B NS B YR 38| ah| 450
July 1, 1924 7] oyl S0 35S0 60 f  75) 100 235 400
Jan' 11925 S : 27 32| 45| ss|o76| 9s| ani| *°
Feb. 1, 1926 S e e e b 500 65 80| 2.00| 3.78
Sept. T, 1926 E T e s RN e B 2 e Ml B
Feb. 11927 ' 251 ast 30| L | i ]
Iily 11995 Bl E ] a 400
Mar. {, 1929 R 200 22| 350 35
Apr. 1,1933 B e NP A
July 1,/193¢ el e ] e s
Apr. 1, 1935 " EREES BT NPT I T "70 1 1.75
Ton, 1, 1936 ASpAsE s s ) T .4518 g(s) }Zg
}VIQYII,W% 0 RS HREEEN ICRTTE IRRUTOT IOV 3 B )
ane 1, 1937 . 2 ¢
?PT-§,193J8 PR IR AR ISSEE BT BESS 5 _'%ﬁ L0
P 1 1938 A U R IO i
Sept. 1, 1942 IRLCH I L S < T S T O B 20 39 AR
July 1,71946 ST TSN N 1) BN 14 oo AT Leg 3se
Juric 1, 1047 AL an N

I T U e 55| 5io

2 Quotation J y
Typ(g Is)lz;tri;)r*ss ;‘f; ifor the cheapest standard lamps in each size, except for the
up b 1o agd, o ag(lipsfof 100 watts or less, the quotations appl’y to ciar lam
e ey ind for an(;zli ne—l (;;)()st%d lar}xllps subsequently, except that the shift for tlF:Z
o - or the 150-watt size, prices up to 1
g E);,e 321:)% _tv};;)ite 1after 193.6 are for either clear or inFs)ide—froFs)te(()i IZfIf asreSf()J{lCI?ar
e e 200w Clez;ng,ryigscizs l}p to 1938 are for clear lamps, and thopse' aftrfelll' 31;3}78’
. e_
pns?es refor o o g insi rosted lamps. For the 500- and 1000-watt lamps,
2 (;ETES:S:Y I(i:llzloilgleElsctiicsLilght Association, Lawmp Committee Report, 1928
. , p. 4 vania Electri , ic
Company, Westinghouse Elec}t’ric Corpoiztli.:)(;l.PmduCtS’ {ncs General Electric

b
t
t




270 The Electric-Lamp Industry

the prices of lamps of 200 watts and more were reduced by about
10 per cent.!®
The most effective pressures leading to lower lamp prices from
1927 to 1945, as well as during earlier years, came largely from
the supply side of the market. Since lamp costs are but a small
fraction of lighting costs, lamp demand as a whole at any one
time is very inflexible, within fairly broad price limits.'” When
a residential consumer needs a lamp, he is not greatly concerned
whether it costs him 10, 13, or 15 cents. Even commercial and in-
dustrial users, with their much larger purchases, are more inter-
ested in electric-energy rates and lamp efficiency and life. Where
Major CONSUIETS did press for price reductions, they possessed
only limited bargaining power with the solidly organized General
Electric group. The small-scale but constant competition or
threat of competition by the independents provided the chief
downward pressure on lamp prices.
_Profitsin lamp making continued high for the leading concerns.
'In incandescent lamps alone from 1935 to 1939 General Elec-
_tric made average net profits of between $16,000,000 and $21.,-
.000,000 on net sales which averaged around $45,000,000. These
figures represented profits of 64 to 88 per cent on costs, 39 to
47 per cent on net sales, and 20 to 30 per cent on invested capital.*®
| Since total net profits of the General Electric Company ranged
only from $28,000,000 to $63,000,000 during the same years, it
is evident that far greater profits on sales were achieved in lamp
making than in the other phases of the comipany’s business. In
fact, the lamp department of General Electric contributed from
one-third to two-thirds of total profit while adding only about
one-sixth of total sales. The profit rate of Westinghouse on its
average lamp sales of about $15,000,000 from 1935 to 1939 was

16 Profit margins represent a larger percentage of list price for high-wattage
iamps.

) 17P1n economic terminology, the price elasticity of demand for incandescent
lamps at a given time is less than one. A reduction in lamp prices does not result
in 2 great enough addition to the number of lamps sold to increase the total value
of sales. Even over time, taking into consideration the increase in population, de-
clining power costs, and extensive advertising and promotion, price elasticity is
only about one. (See Appendix F)

18 United States of America v. General Flectric et al,, Complaint, Jan. 27, 1941,
pp- 154-155; Answer of Defendant General Electric Company, May 15, 1941, p.
62; and Brief for the United States of America, Aug. 30, 1946, pp. 117-119.

The Mature Lamp Industry 271

also high, athough not quite so high as that of General Electric
and t.he earnings of the B licensees were above average. 3
Itis clez_lr tbat the lamp prices which yielded the dominant con-
cerp.and its licensees such high proﬁts¥were above a truly com-
pettive level. Despite the price reductions precipitated by the
growth of the independent manufacturers during the thirties
Gep(?ral Electric and its licensees were able to maintain their roﬁt:
position by continual reductions in costs. The presence opf the
mdipendents. could not prevent profits from exceeding a “nor-
mal” return; it could only prevent prices from being set at maxi-
mum monqpolistic levels for the most widely used t}zfjpes of lamps
Actually, since 1938 the prices announced by General Electfic.
for large larpps of 100 watts and less have put considerable pres-
sure on the independent manufacturers, who must normally un-
dercut General Electric’s prices to maintain their sales, and whose

operating handicaps have made it difficult for them to achieve
commensurate cost reductions.

THE PATENT SITUATION AFTER 1927

Althgugh the invalidation or expiration of the Just and Hanaman
Coolidge, and Langmuir patents removed General Electric’s’
strongest controls over the incandescent—lamp industry, the
leader still owned a great many lesser patents covering various
features of the incandescent lamp and its manufacture. While the
were not of enough importance to prevent the rise of the unlk-
censed mapufacturers, they added considerably to the difficul
of competing with the General Electric group. Three of the re-
maining General Electric patents were of particular importance:
(1) the PQFZ patent of March 21, 1922, on non-sag tungsten Wire.-
(2) the Mitchell and White patent of July 25, 1922, on the d less’
lgmp; and (3) the Pipkin patent of October 16, 19728 on thg n-
side-frosted lamp. The essential data for each are surr;marized in
Table XX], along with corresponding information for the Just
and Hanaman, Coolidge, and Langmuir patents. The features
cover.ed by the three secondary patents were introduced com-
mercmllyhby General Electric and its licensees and were made
standard in this country. To keep up with the industry leaders
and to secure acceptance for their lamps, the unlicensed concerns
found it necessary to introduce similar changes.
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in the litigation, the Supreme Court decision made it clear that
those claims also were invalid.

The Mitchell and White tipless-lamp patent had a somewhat
simpler, though longer, court record.?® The patent, which covered
a particular method of constructing tipless lamps, was mnitially
infringed by the unlicensed companies. After a number of suits
had been brought under it and the case against the Save Flectric
Corporation of Toledo, Ohio, had been pushed through success-
fully by General Electric,* the independents switched to the use
of the old Jaeger technique, the patent for which had expired in
1920. The Jaeger method was more costly, but it permitted the
independents to make tipless lamps freely without legal compli-
cations. Although the Mitchell and White patent for the General
Electric construction was again held valid in a prosecution against
the Eisler Engineering Company in 1927, it was held not in-
fringed by lamps made by the independent manufacturers with
the Jaeger technique.”® At the same time a companion Mitchell
and White patent covering the machine for producing stems for
the General Flectric tipless lamp was declared invalid for want
of invention.

- The Pipkin inside-frosting patent, which was the last of the im-
ortant patents, had a long and eventful court record.?” It covered

a double-dip acid process for the inside frosting of lamp bulbs

and made broad product claims. Around 1932 the sales subsidiary

of the Save Electric Corporation was sued by General Flectric

for infringement, and the patent was declared invalid by the

Northern Ohio District Court in 1934. On March 6, 1936, after

an appeal by General Flectric to the Sixth Circuit Court of Ap-

peals, the patent was upheld.®® Other cases initiated at about the

same time were settled out of court.?® Another infringement ac-

23 See pp. 325-326 for a discussion of the Mitchell and White development.

24 General Electric Company v. Save Electric Corporation, 4 F(2d.) 584 (1924).

25 General Electric Company v. Eisler Engineering Company, 20 F(2d.) 33
(C.CA., 1927).

26 Sixty-eight suits were brought under the Mitchell and White tipless-lamp
patent during its life, although only two were pushed through to a decision.

27 See pp. 326-328 for a discussion of the Pipkin development.

28 General Electric Company v. Save Sales Company et al., 82 F(2d.) 100
(C.C.A., 1936).

20 General Electric brought twenty-three infringement suits under the Pipkin

patent during its life.
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tion under th(_a Pipkin patent was brought in 1937 against the
Wabash Appliance Corporation in the Eastern New Yoﬂc Dis-
trict Co_urt. at Brooklyn. Again the patent was declared invalid
m the district court and upheld on appeal to the Second Circuit
Cqurt of Appeals.*® Wabash then frosted bulbs by a single-di

acid process which it claimed was a non-infringing processg GenIz
faral Electric brought suit in the Brooklyn District Court il:l 1940
In an attempt to prove that all inside frosting was covered by the
Pipkin patent. The motion to punish for contempt was de}rflied
Although General Electric later moved, and was granted errnis—.
sion, to reopen the contempt case, no further court actign was
Fakt?n. The final infringement suit under the Pipkin patent was
wstituted by General Electric against the Jewel Incandescent
Lamp Company of Fast Newark, New Jersey.®* In that case the
New Jersey District Court declared the patent invalid on De-
cen'lber ‘_), 1?42. General Flectric’s appeal was denied by the
Thlfd C1r_cu1t Court of Appeals in December, 1944, That de-
cision, which for the first time invalidated the patent in an appeals
court, was taken to the Supreme Court by General Electricp the
!11gh court declared the patent invalid on November 5 1‘.)45' 82
]&llst tv&lflenty days after it had expired.®® The princi};al isssle
arif.oug out all the cases was that of anticipation by the prior

The situations with respect to the Pacz and Pipkin pa

Well as .the Coolidge and other patents, were in%icatifgegigs’tsfs:
_d1fﬁcultle§ faced by both General Electric and the independents
n determlmng and protecting their rights.®* Since the validity of
a patent cannot be decided except by the courts, the unlicensed
firms were not able to conduct their business with certainty until
ﬁna_l_dec1s10ns had been made, and were prompted to infringe
unlitigated patent claims. The cumbersome mechanism of the

80 General Electric Compan 2
y v. Wabash A
7 (1937), 93 F(2d) 671 (CCA., ogy. | pplimae Corp- et d, 19 E. Sepp.
o E}e};e(;’;)lrrg‘);ny 'haz since been renamed Jewel Products, Inc.
i ectric Company v. Jewel Incandescent Lamr ) C
F. Supp- 818 (1942), 146 F.(2d) 414 (C.CA., 19%3), 66°S. Co 51 (04 o 47
o The rltlsg_and Canadian Pipkin patents were both invalidated in 1940,
e same difficulty had been faced by the lamp industry in connection with

the basic Edison i
d patent, the status of which was not clari
yeurs feer o om patent, clarified for about twelve
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courts delayed the final determination in some cases for many
years, or even undl the patent had expired. Even where the pat-
ents were eventually held invalid, General Flectric had some
measure of protection.

The increasing strictness of the American courts, particularly
the Supreme Court, in passing on the validity of patents is note-
worthy. The trend became more and more apparent during the
late twenties and the thirties. The policy appeared first in the high
court and was accepted more gradually by the lower courts. The
state of the prior art and the exact conformity of specifications
and claims to patent laws and regulations were treated with in-
creasing Strictmess. It is now more difficult to obtain a patent
monopoly in the United States than it was from twenty to fifry
years ago. In this evolution of the legal interpretation of patent
rights, the American courts seem to be moving along a path which
the British took somewhat earlier® In Germany, France, and
other continental countries, the policy was established even
sooner; in the entire history of electric lighting it was not possible
in those countries for any single firm to obtain a broad legal mo-
nopoly in incandescent lighting. It was partly for that reason that
continental lamp producers turned more quickly to patent pools
and cartelization as means of conducting their business.

An important factor in the collective rise of the unlicensed
lamp producers during the thirties was their organization of the
Incandescent Lamp Manufacrurers’ Association in June, 1933.
Tt was strdngly encouraged and supported by Charles Fisler of
the Fisler Engineering Company and by other outside suppliers
of lamp parts and equipment. The suppliers naturally wished to
keep the unlicensed manufacturers in business to provide a con-
tinuing and growing market for their own products.

The Association has advanced the common interests of the un-
licensed producers through the exchange of information, coordi-
nation of activities and by a variety of other ways. One of its

rincipal functions has been in connection with patent litigation.

Prior to 1933 the individual small producers could not afford to

fight General Electric on patents. With the organization of the

35 The stern attitude of the Supreme Court has been relased slightly since the
end of the war, however.
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Asspcmﬂon and the expansion of their production,®® they pooled
;helr resources to hire outstanding counsel in the’defen}sfepofoiil—
t}rlmge%lent suits initiated by General Electric against any one of
inetr;ll. ac}} independent company h_ad a similar interest and stake
o nes ezuscf)m}el, and their joint action permitted them to afford
Companieg hich would have been too expensive for individual
Geiletjﬁtflgl?cgei? pafepts in great number have been issued to
¢ i covering the des1.gn _of incandescent lamps, none
glrai'.xte since 1928 has been of major importance. The jackets en-
Efeﬁagicsgin?;ri tl/mps ‘for' general illuminatipn sold by General
e 4 were typical of those us'ed mn 1941; they listed
(rlxty }(Jlatents un(ier one or more of which the lamp was being
%{fblzc}e( X%ld ,;(ﬁd' " Those patents are listqd and summarized in
paaed fea.t o ei;e t\}zfasdnq longer a funda_mentally important
though the Pl Re s C?Slgn of s.tandard mc_andescent lamps,
nnoug) the Pl ps, Rudd, and various other listed patents rep-
res uselul improvements. On the jackets of their lamps West-
1ngjlouse gnd the other .licensees listed 1n addition to the \patents
gn er which they were l.1censed by General Flectric some of their
wn patents. In each instance they were minor improvement
Sf;letel?zs. Actually, many of the General Flectric patents listed by
eIISecs were not even used by them. Of General Flectric’s
ten most important design patents issued after 1920, seven were
never lltlgate'd. Of the three litigated, two were helci invalid and
one not mfnpged. The patents owned by independént manu
f}s}cl‘itzl}rlers similarly covered only minor details of lamp desiovn-
were i i Dy
whic Cmnpan?:; essential to the production of lamps made by
.Durmg tl}e thirties the patents owned by General Flectric cov-
ering machlnery and equipment for assembling finished lamps
36 Along with thei 1 i i
time, the igndependeiftse )\(;g::s l:(l)ll)lleo ftopf)?glltsi(t)lr?;;;lﬁgtrﬁ?;g??;gi;‘g;hjig thtti?;

rice re i i i

zli)nnoufl C(ig(;i‘?(is r(:cli lan}p parts ?nd supplies. Typically, when General Electric

uctions on electri i i
pnmou tric lamps, Corning grants price cuts on glass
37 Besi i
Specglesg;sle]t:hle Esltand?u:dﬁlmcandescent lamp for general illumination, various
al Electric filament lamps were produced )

specis - . p under other patents. In

ddition, the big company had title to or control over hundreds of otlll)er patents

on iIlCaIldesceIlt lam[)S Wthh Were
not use { I i
d m he P Od ction Of C()mmel'clal
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TasrLe XXII; PATENTS COVERING THE PRODUCTION OF STANDARD INCANDESCENT LAMPS BY THE GE
ELECTRIC COMPANY

1,906,819

1,983,362

2,021,758

Dec. 8, 1933

Aug. 23, 1928] May 2, 1933

Apr. 24, 1934| Dec. 4, 1934

Nov. 19, 1935

Carl Severin, Cleveland Hgts.,
O.

Walter J. Geiger and Alfred T.
Gaskill, Cleveland Hgts., O.
Irving H. Van Horn, E. Cleve-

land, O.

General Electric Co.

General Electric Co.

General Electric Co.

1944 - _.,T_ 44444
. ;

P%eo?t ApD;lZaZ;on DlﬁgiteOf Patentee A?:.:zggzzgi SubjeZztﬂocfpl’olten;i —
1,652,398| Oct. 26, 1925 | Dec. 13, 1927 Edward A. Everett, New York| ———————o— S:g?ro fotr)luli::mp base w ch grips
1,687,510] June 29, 1925 Oct. 16, 1928 l\Odarvin Pipkin, Cleveland Hgts.,| General Electric Co. {\)/lljgl:o.d of inside frosting o.f lami
1,694,997 | Sept. 20, 1926 Dec. 11, 1928 :lliizliigOITI. Van Horn, E. Cleve-| General Electri.c Co. ]gr}lct;:;s;e)ns;;réslanf]p:a;i rtlo ‘iirzsn:d
1,723,920} June 9, 1921 | Aug.6, 1929 Igul O. Cartun, Cleveland Hegts.,| General Electric Co. ﬁ;g;grg:m‘;ﬁt; So forapa;ticular and

‘ ment arrangement
1,795,181 | Apr. 29, 1927| Mar. 3, 1931 | Roscoe G. Phelps, Cleveland, O.| General Electric Co. ?iféﬁuéifgnigir?ge?;t.gfbg:gb, and por-
1,809,661 Feb. 19, 1929) June 9, 1931 ll?lsérTliel OK. Wright, Cleveland) General Electric Co. E)Z?Lovgirrlfnucizgo(s;ft rf;;)rr:ct(k));l}}b n?a}i
T terial
1,832,751 | May 15, 1929 Nov. 17, 1931 | Ralph B. Thomas, Cleveland, O.] General Electric Co. Egﬁl)ﬂj;é z;)r:sieslfes;r; ?f;ﬂ%g;fﬁ; (())r;
FC)Jaosrelstruction of stem, lead-in wires,

and filaments for muld-filament

lamp

Method of locating concentrated
filament in definite position in bulb
Fuse in lead-in wire surrounded by
non-conductive shield

TasLe XXII: PATENTS COVERING THE PRODUCTION OF STANDARD INCANDESCENT LAMPS BY THE GENERAL
ELECTRIC COMPANY—Continued

2,227,324 | May 24, 1940

Dec. 31, 1940

2,232,816| Jan. 19, 1940 y Feb. 25, 1941

Hgts., O.

Carl Severin, Cleveland Hgts.,
0.

Irving H. Van Horn, E. Cleve-

land, O.

General Eleccric Co.

General Electric Co.

1944
Patent Date of Date of Original Principal
No. Application Issue Patentee Assignee Subject of Patent

2,069,079 July 10,1935 | Jan. 26, 1937 | Frank H. Rudd, Cleveland, O. | General Electric Co. | Construction of stem

2,074,246| Oct. 17, 1936] Mar. 16, 1937 Charles Adler, Jr., Baltimore,| —————— — Double filament construction for
Md. traffic-signal lam

2,084,176| Oct. 17, 1936| June 15, 1937| Charles Adler, Jr., Baltimore,| ———— e Arrangement of double filaments in

. traffic-signal lamp

2,132,368 | Mar, 16, 1936| Oct. 4, 1938 | Walter J. Geiger, Cleveland| General Electric Co. | Miniature lamp having small head
Hgts., O. and larger neck fitting into base

2,134,574| Aug. 24, 1937| Oct. 25, 1938 Emma B. Pinkle, E. Cleveland, | General Electric Co. | Methods of connecting coiled fila-
O. ment in lam

2,145,186 | July 1, 1938 | Jan. 24, 1939 Wells J. Meeker and TLucas| General Electric Co. | Method of attaching filament to
Renftle, Warren, O. hooked lead-in wire

2,164,288 June 25,1938 | June 27, 1939} Paul O. Cartun, Cleveland Hgts.,| General Electric Co. | Filament arrangement
and Will D. Pew, E. Cleveland,
O.

2,198,919 Mar. 21, 1939| Apr. 30, 1940 Gwilym F. Prideaux, Cleveland| General Electric Co.

Construction for miniature lamps so
that lead-in wires and filaments have
same vibrarion frequency
Flattened end on lead-in wire into
which filament sunk and welded

Disk and screen in high-wattage
lamps to diffuse hot gases

Principal Source: Official Gazette of the Patent Office, Washington, 1927-1941.
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to the B licensees than those1 co*\]rerindg
i i i hinery developed,

1f. The use of highly eﬁic1ent mac ) b
c}ci)eniiﬁgtletde and sold by the blicensor aided in reducrné;r cozcstbe_
low the levels at which most unlicensed firms operated, and typ

were far more important

ically resulted in larger unit proﬁts. for"ckllle1 hclerpsze::[agénrcg
machinery was sold by General Electric W1td t rlpc ets derstanding
that it might be repurchased at pred.eterrmnef 1P feesin the even
of termination of the license, the hcenseesr elt b ﬁrmsy ey
lose their principal advantage over :che urﬁ 1cen§ e ager o
should terminate their licenses. Besides tf e pp \;jth g
losing their existing equipmentz they were acﬂe vidh the ng-run
problern of obtaining new and m}proved mac ﬁnei rﬁe en}éem reed
better equipment than was avarlable frorrz1 _3 en I hpve e
chinery PP e atirthr?acld?r?ert;eﬁevlelopment themselves.

cilities or experience in ma clo -
fI%hley continueg to restrict tlherr foutpg:fseXr;ﬁnpﬂtﬁﬁgu;pg}pﬁ;?ﬁ
lished by General Electric, there ore,_eS on th,e ; hey might have
expanded sa}es beyond those quantities | d they e e ahor

_The B licensees turned their expansionary ! P ' or
Sd?rrections. For example, Hygrade Sylvarém expaenld:eldt ﬂi‘t}:; rlasd?m
tube prodnction and after 1938 produced . uoresc 1 ¢ lamps a5
unlicensed firm. Ken-Rad also rnade radro tuf es,u.1 e
dated expanded into the production of aline of equip

unrelated to electric lamps.

SUPPLY OF LAMP PARTS AND MACHINERY

The general situation with respect o sources off 1arrggu}2 rts and
lamp making machinery for the various groups % P pducers con-
’ ite the in
tinued unchanged from 1327 £o lf%gl(iingeneml Electrig "
i manufacturers. 1
ortance of the unhcense . ectric an
Westinchouse were still the only domestic prodtlicqer:f ol ﬁp
bases. éeneral Flectric supphed the tcompllette ::lliefi‘om Cener;ﬂ
i Jicensed firms bought bo or
censees, while the un : : both from o0
i i curces until wartim it
Flectric and from foreign s 6l wa o ted
] ter 1927 discriminatory pt
mports. Even though af . i : )y the
i)rovidence Base Works was drscontlnued7 the situation gav
tinuing advantages to the large companies. bine. and cane, the
In the production_ and sale of glass bulbs, tu rnb,G cane, ¢
situation also remained much as it was before 1927. Gene

arts and
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tric and Corning continued to hold or to be licensed under the
principal patents relevant to the production of glass parts for in-
candescent lamps and produced almost all such glass made in this
country.®® Under the series of agreements executed between
them, General Electric filled most of its own needs. After 1928
it reduced its glass purchases from Corning from 12 per cent to
6 per cent of its annual requirements, mostly in special sizes. Un-
der sales agreements with Westinghouse, with the B licensees and
with many of the unlicensed firms, Corning continued to sapply
all needed glass to most of the rest of the American incandescent-
lamp industry. Westinghouse and Tung-Sol were licensed to
manufacture miniature bulbs for their own use from tubing sup-
plied by Corning, however, and some of the independents made
their own miniature bulbs,
Prior to 1933 mports of glass bulbs amounted to 2 or 3 per
cent of domestic production; after that date they fell to consid-
erably less than 1 per cent. Most of the imported bulbs came from
N. V. Philips before 1933, after that year such imports as there
were came largely from independent producers in Germany and
consisted of sizes and types not ordinarily made in this country.
The Tariff Commission states that the sudden cessation of imports
from the Netherlands was “due principally to the operation of
the international licensing agreements.” *® It is claimed by General
Electric that the devaluation of the dollar made it impossible for
Philips to sell bulbs in this country. However, in 1936 Corning
accepted a ten-year exclusive license from Philips on lamp-bulb
patents at an annual $20,000 royalty, and it granted a sublicense
to (eneral Electric for §10,000 2 year. Philips agreed not to ex-
port bulbs, tubing, or cane to the United States. The international
agreements, the 20 per cent tariff dury, and the low costs of pro-
duction of the American producers effecrually served to limit
foreign competition in the lamp-glass business, while internal con-
ditions, including patent rights and licenses, relative costs of pro-
duction, and distribution of the market, kept domestic lamp-glass
production in the hands of General Flectric and Corning.
The United States Department of Justice brought antitruse
proceedings a few years later against General Electric, N, V.

88 See pp. 353-356 for discussions of the principal lamp-glass patens.
#U.8. Tariff Commission, op. cit., p. 17. P
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Philips, Corning, and six officers of the companies for alleged
criminal conspiracy to prevent the importation of glass bulbs and
tubing into the United States from Holland. The defendant com-
panies and most of the accused officers pleaded nolo contendere
and paid fines totaling $47,000 which were imposed by the South-
ern New York District Court on September 9, 1941. Wartime
conditions by that time made it impossible to import bulbs from
Holland, however, and no change in the conduct of the industry
resulted.

Under the arrangements followed in this country until the
expiration of most of the sales agreements in 1940, General Elec-
tric was favored by Corning over all other producers of electric
lamps. Westinghouse was favored over the B licensees and the
independents, while the B licensees were favored over the inde-
pendents. In the determination of prices of glass parts the General
Electric group was charged the minimum prices, whereas the
independents were charged prices not more than 10 per cent
greater than these minima.® General Electric and Corning mter-
changed patent licenses, technical information, and all cost data.
Corning’s prices were based in part on General Electric’s own

roduction costs. Westinghouse had the right to obtain certain
information from Corning regarding costs and sales. The B h-
censees and the independents were not entitled to such infor-
mation.

With respect to other parts and equipment necessary to the

roduction of electric lamps, General Electric’s position also con-
tinued to be equal or superior to that of any other domestic Jamp
producer. Filament and lead-in wires were made by the two large
companies for themselves. General Electric continued to supply
most of the needs of its B licensees, and the independent pro-
ducers continued to buy their wire from outside suppliers or make

their own. The Callite-Tungsten Corporation, a higher-cost pro-
ducer than General Flectric, was the principal outside source for
filament wire and lead-in wire.

40 The agreement between General Tlectric and Corning had an expiration

date of Jan. 1, 1951.
41 1f either the B licensees or the independent manufacturers purchased 20 per

cent or more of their requirements in less than carload lots, the prices on those
purchases could be increased by 5 per cent.
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After the expiration in 1933 of certain patents held by the Aj
Redductlpn Company, Inc., General Elect}r)ic shared the}égrrfeiilé
ﬁr(zl uction of argon gas for use in gas-filled lamps with the Air

cduction Company and with the Linde Air Products Compan
a subsidiary of the Union Carbide & Carbon Corporation.*? F]))ri(};r?
8 World War I, General Electric had purchased arg(;n from

ermany. When the foreign source of supply was cut off, Gen-
eral. Electric bought the gas from Linde Air Products Cor,n an
until 1921. At that time, the American leader was experimer}:t(inz

with a process of its own for producing argon. The Air Reduczz

tion Company objected that the proposed process would infringe
its patents and oﬁfe.red to sell argon to General Electric at a low%r
Ewe Fhan was 1nbemg charged by Linde. Accordingly, General
ectric bought its argon from Airco until 1933, when the latter’s
prvmmpal patents on the separating process expired. General Flec-
trif then .produged argon for its own requirements, in addition to
selling h]gh—;ratlo * argon to its miniature-lamp licensees after
1933 angd to its Iarge—lamp licensees after 1937. Low-ratio argon
was purchased by the licensees from Airco. Prior to 1933 gthe
1r}depend§nts were not able to buy argon and had to use pure
nitrogen in the}r lamps. After about 1938 the entire argon reql};ire-
Iril_ents of the independents were met by the outside suppliers
inde apd Airco, since European sources were cut off by the War,
. The industry 1egder also maintained its position in the produc-.
tion of lamp-making machinery. Alfred Hofmann & Compan
and the York Electric & Machine Company were licensed by
Gene;al Electric during the twenties to produce Iamp—makiny
machinery for sale only to General Electric licensees. Under thosg
agreements few sa.les were made inasmuch as the licensees ob-
talr_led most_of _thelr machinery directly from General Electric
which had 1n§t1tuted a leasing system shortly after signin thé
agreements with Hofmann and York. The license arrange%nent
w1.th Hofmann was terminated in 1930, when General Flectric
paid Hofmann $65,000 for damages claimed to have been suf-

42 See United States of America i

y v. General Electric Co i
General Electric Company and 1 j e Coma
> 413?46’ op. 391301, pany and International General Electric Company, Dec.

High-ratio argon contains smaller i
( - cc percentages of nitrogen than low-rad

atrlgon..The nitrogen is introduced to prevent arcking througgh the r;r O(‘:l r:ﬁg
the ratio required varies with the size and type of lamp. son
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fered in connection with the agreement.* After 1930 Hofmann
and the Eisler Engineering Company shared most o_f the smz}H
percentage of domestic business in lamp.—makmg machmery avail-
able to firms outside the General Electric group. While the Hof-
mann and Eisler equipment was ade_quate fpr most pf the
independents, it lagged far behind the high-efficiency equipment
designed by General Electric’s larger and more expert machine-
development laboratory. _ _

Table XXIII presents a summary of the dlscuss1on of the pre-
ceding paragraphs, indicating for the principal parts and equip-
ment the typical pattern of supply to the various producing
groups in the late thirdes.

TanLe XXII1: MAJOR SOURCES OF SUPPLY FOR LAMP PARTS AND
y ‘ 7
MACHINERY IN THE UNITED STATES DURING THE LATE 1930’s

Unlicensed
j Domestic
Muajor Sources of ; ]
]Supply for Licensor| A Licensee | B Licensces |Manufacturers
Lamp bases Self  |Self | General Electric {General Elec-
P ‘ tric
Impo;ts
Glass parts Self |Corning Corning ? g;léﬁg
Wire and welds Self Self General Electric O'utside sup-
Qutside supplier |pliers
Self
Argon and other Self General Electric | General Elecgric O}J[Slde sup-
gas Outside supplier | Outside supplier [pliers
Machinery and Self |General Electric | General Electric |Outside sup-
equipment ; Self Self pliexs
i 1 |Self

Source: Arthur A. Bright, Jr, and W. Rupert Maclaurin, “Economic gactors
Influencing the Development and Introduction of the Fluorescent LamP, Jour-
nal of Political Economy, University of Chicago Press, Vol. LI, p. 433 (Oct,

1943).

OTHER RELATIONSHIPS IN THE LAMP INDUSTRY
There were certain other conditions and relationships in the
electric-lamp industry which contributed to the favorable com-
44 Hofmann’s lamp-making machinery business was almgst completely lost.as
a result of the operation of this license agreement. (See United States of America

v. General Flectric Company et al, Complaint, Jan. 27, 1941, pp. 108-109, and
Answer of Defendant General Electric Company, May 15, 1941, pp. 28-29.)
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petitive position of General Electric and Westinghouse, the two
“Mazda” manufacturers. A large proportion of their lamps was
sold to ultimate consumers through agents, who sold for the lamp
companies at prices set by the principals.*® Some of the ten dif-
ferent classifications of agents acted as jobbers, distributing lamps
to other smaller agents. The second dealer also was required as a
subagent to fix his prices in accordance with the wishes of the
lamp producer. Through the agency method, the “Mazda” manu-
facturers were en