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A History of Engineering and Science in the
Bell System: The Early Years (1875-1925) offers
a detailed view of the first fifty years of tele­
phone technology. The narrative goes well
beyond a simple statement of events to deal
with the "how" and "why" of technological
innovation. It examines the underlying
motivations and evaluates the long-term im­
portance of the engineering, scientific, and
organizational achievements that were the
substance of the first five decades of re­
markable progress in telecommunications.
While this technical history is primarily an
account of Bell System achievements, the
treatment has not been constrained by cor­
porate boundaries and thus recognizes
fundamental contributions originating out­
side of the System.

During the half-century covered by The
Early Years, a whole new field of technology
evolved. Starting in 1875 with Alexander
Graham Bell and Thomas Watson, a small
group of prolific inventors, with little theory
or practice to guide them, set out to develop
a communication system that, unlike the tele­
graph of the time, could be used by anyone.
Bell/s vision, however, far transcended the
first primitive steps in telephony and quite
early he outlined his "Grand System" for a
worldwide network designed to interconnect
any two users for voice communication
wherever they might be. This concept has
served as the broad telephonic objective
ever since both within and outside of the
Bell System.

The opening chapter of The Early Years
relates the events leading up to Bell/s conceiv­
ing his "Grand System"; subsequent chapters

deal with developments in specific areas of
technology that led towards its realization.
The evolution of station apparatus, wire and
wireless (radio) transmission, switching, and
various non-voice services is described in de­
tail. Other chapters cover the development
of materials and components for these new
communications systems, the origins of
quality control techniques, and the begin­
nings of scientific research in the Bell System.
An early chapter is devoted to the corporate
structures of the period since these organiza­
tional arrangements provided a continuing
synergy of business planning and advancing
technological skills.

A History of Engineering and Science in the
Bell System: The Early Years (1875-1925) is
illustrated with over 500 photographs and
drawings taken from Bell System historical
collections or prepared especially for this
volume. A carefully selected list of references
and a comprehensive index also are provided.
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editor, M. D. Fagen, is Director, Special
Projects, in the Information and Publication
Division. The volume was prepared for pub­
lication by the Technical Publication Depart­
ment of Bell Laboratories.



" ... Not only so, but, I believe, in the future, wires
will unite the head offices of the Telephone Company
in different cities and a man in one part of the country
may communicate by word of mouth with another in a
distant place."

Alexander Graham Bell
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Foreword
The years 1974 to 1976 mark the first century of Alexander Graham

Bell's invention and development of the telephone. The basic principle
on which the telephone operates-the idea of an undulating current, the
analog of a sound wave-was conceived in the summer of 1874 but not
until a year later were sounds of a speech-like character heard over wires.
On February 14, 1876, Bell applied for his first patent, which was
granted on March 7. On the evening of March 10, he transmitted the first
intelligible sentence. Many demonstrations of the new invention were
conducted, probably none with so great an impact on the public feel­
ings as that held in Philadelphia during the summer of 1876 at the exposi­
tion celebrating the centennial of American independence. This bi­
centennial year of our nation's independence therefore seems particularly
appropriate for publishing a history of telephone communication, the
growth of which has been so closely associated with the second century
of our country's development.

This first volume of a series on the science and technology of
telephony covers the half-century following Bell's invention. By the end
of that time a great new industry had been developed. There were
nearly seventeen million telephones in the United States, almost twelve
million of them in the Bell System. And in perhaps no other field had
the force of scientific research in support of engineering development
been so effectively demonstrated.

The year 1975 marks another anniversary, the fiftieth year of the
establishment of Bell Laboratories as the research and development
unit for the Bell System. In 1925, it became a corporate entity, sharing
responsibility with the Western Electric Company, the American Tele­
phone and Telegraph Company, and the System's 24 Operating Tele­
phone Companies for providing nationwide communications services
and for planning, engineering, building, and operating the nationwide
network.

The formal incorporation of Bell Laboratories was not a beginning of
scientific research and engineering in the Bell System, but rather a stage
in its growth in a line going back to Alexander Graham Bell's original
laboratory in Boston. In 1907, a consolidation of the engineering forces
took place in the Western Electric Company and in AT&TCo. As
stated in 1925 by Mr. H. B. Thayer, then President of AT&TCo:

The reorganization in 1907 consisted of a consolidation [whose] purpose
was to avoid duplication of facilities as well as to get the greater efficiency
coming from a closer contact between the staff of the Western Electric
Company and ot,J.r own. [He meant AT&TCo.] It brought to one point
scientific study and research, manufacturing experience and operating ex-
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Foreword

perience ... It simplified and expedited the work of the operating
(telephone] companies in that it established one point where all state­
ments of requirements, suggestions of improvements, or criticisms arising
out of their operating experience could be considered and discussed from
all points of view. . . Itwas helpfulin the standardization ofapparatus. . .

We had at the West Street laboratory (headquarters of the Western Electric
Engineering Department) the scientists whose work involved laboratory
facilities, the men conducting experiments, the shop design workers and the
inspectors with suitable equipment of laboratories and model shops avail­
able for all. The ideas of our research and development scientists and
engineers, worked out on paper or in rough mechanical form, were there
developed into a finished piece for shop manufacture and after manu­
facture the product was then subjected to all the tests necessary to satisfy
our engineers that it was worthy of ,introduction into or continuation in the
plant of the Bell System.

This indicates clearly the important evolution in research and develop­
ment management taking place in the Bell System early in the twentieth
century. But as Thayer explains subsequently in the same article, it be­
came evident by the early 1920s that even greater benefits could be ex­
pected by further centralizing research and development in a new
organization, Bell Laboratories, working closely with the producers and
users of communication systems:

Now the time has come when, it seems, we can take another step forward
with advantage. What was contemplated in the reorganization of 1907 has
been entirely accomplished, in that the development, research, and experi­
mental work of the entire Bell System has been coordinated and has been
concentrated as far as is desirable. The standardization of material is in
effective operation. The different organizations composing the Bell System
are working efficiently and harmoniously as parts of the greater organiza­
tion, but this seems to be the time to get still more of the advantages in
efficiency and economy which the consolidated organization now proposed
makes possible.

This statement is an expression of what we have come to recognize
as enduring themes in the maturation of technology in our business.
First, there is reference to the economy and efficiency which comes
through centralization of engineering and the standardization of systems
which are meant to work together. Technical advance must be planned
and orderly.

Second, there is the emphasis on technical integration, the need for
intimate contaCt among the engineers and scientists working on all
phases of a problem, extending from initial studies to the complexities of
manufacture, installation, and use. And the latter specifically calls for
close association of planners, designers, and the manufacturer with the
operating entities of the organization.

Third, there is the emphasis on "scientific study and research,"
an idea which was quite new to industry in the early years of this
century. The Bell System was one of a very few industrial organiza­
tions in which professionally trained scientists were doing basic research
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Foreword

on fundamental problems related to company objectives. The experi­
ence of the intervening years has affirmed this belief in the values of
research many times over, as, indeed, this history of communications
will attest.

Finally, there is the important concept that our engineering and
science through design, development, and manufacture be responsive to
the needs of the final users-the Operating Telephone Companies who
provide communication services to the public-and that innovations be
"worthy of introduction into ... the Bell System." The integrating in­
fluence of this ever-present goal-providing good telephone service to
the ultimate consumer-has in a very real way tied together all the ele­
ments of the creative process throughout the Bell System over the 100
years of our history. We have no need to cite examples in this Foreword;
the contents of this volume will do that in what I believe to be a most
convincing fashion- by narration of a succession of technical triumphs
unique in the history of industrial technology-producing what is gener­
ally acknowledged to be the most capable communications system in the
entire world.

There is much to be learned here, as lessons from the past, true today
as they were in the period 1875-1925, about the process of innovation
as it really is. It was characterized then, as it is now, by continuity of
technical activity from basic discoveries and inventions to direct opera­
tion in the communications network. We lea:rned then and we know
now, with a conviction born of experience, that conversion of new ideas,
devices, and systems into something actually usable is a subtly demand­
ing, personalized undertaking. The new concepts must be technically
feasible and economically sound, they must fit into an existing operat­
ing plant, they must satisfy a real service need, they must be reliable and
maintainable over a useful life of decades. And our long experience
has demonstrated that this difficult task is unquestionably accomplished
most effectively by the integration of technology through design,
manufacture, and operation. In our semicentennial year, our intimate,
daily associations with AT&TCo and Western Electric are at new,
unsurpassed strengths.

Imbedded in the reality of technological innovation, but perhaps not
as readily apparent as some of its other features, is the ever-present
competition of ideas and approaches which exists in a large integrated
structure such as ours. And it is the competition of ideas, rather than
the competition of an undefined and arbitrary market place, that is the
spur which really leads to technological progress. The reader of this
volume will see it illustrated in the search by George Campbell for a
better transmission line. He will see it a little later in the search by
H. D. Arnold for an amplifier to implement the drive of T. N. Vail
and John Carty for transcontinental telephone service; in the search by
G. W. EImen for a superior magnetic material for coils and transformers;
in the quest by W. G. Houskeeper for a better glass-to-metal seal for
high-power radio transmitting tubes that could generate the waves to
carry the voice across the ocean.

ix



Foreword

It was the competition of ideas that stimulated their colleagues to
press ahead, inventing oscillators, modulators, and wave filters that
would permit the multiplexing of many conversations over a single
circuit. And it was the same motivation that led to transmission of
television signals by wire and radio over long distances, and to explana­
tions of phenomena as fundamental as the complementary behavior
of electrons and waves-a study which resulted in the award of the
Nobel prize to C. J. Davisson.

There was a strong motivation then, as there is to this day, toward
a well-defined goal-defined by the nature of the environment in which
the work was done and by the searching spirit in a talented as­
semblage of technical experts who knew th<l;t what they were doing
was relevant and what they produced would be useful.

In this, the hundredth year of the Bell System and the fiftieth
year of Bell Laboratories, our modern world of communication isa world
made up increasingly of digital signals and computers, of microwave
radio and coaxial cable transmission systems, of satellites and broad­
band transoceanic cables, of electronic switching systems of un­
precedented speed and versatility employing millions of transistor-like
devices of microscopic dimensions. In the times ahead, we see milli­
meter waveguides, and optical fibers with capacities for conveying in­
formation at rates thousands of times greater than we know today, and
especially automata enabling efficiencies and services making telecom­
munications a still greater frontier of human progress.

Those whose accomplishments are described in this volume could
not foresee these things in detail, but they laid down the principles.
It is clearly evident to us that the enduring themes in~ommunication

technology have not changed. Our incentives for acquiring new knowl­
edge and our techniques for applying that knowledge to practical ends
to satisfy human needs were right for our first fifty years and offer
yet stronger opportunities for our latter fifty. Thus, this history is more
than a mere record of past events. It provides an insight into the
process of innovation and effective application of technology for bene­
ficial purposes. Finally, it clearly demonstrates the intimate connection
between the successes achieved by Bell System Operating Companies
and the integrated structure they support for providing technological
innovation, manufacture, and field application.

'(J". O.~
President,
Bell Telephone Laboratories



Acknowledgments

This volume is the work of many minds and hands, members of the
Technical Staff of Bell Laboratories whose experience in communica­
tions research and engineering, going back more than 50 years, in­
cluded personal acquaintance with outstanding individuals who went
before them, as well as thorough knowledge of their published records.

The material in these pages was written by experts in their fields,
individuals of proven technical competence who were, at the same
time, in positions of administrative responsibility for planning and
completion of technical projects. Thus it has been possible to achieve
an account that goes beyond the simple narration of events and to deal
with the "how" and "why," searching out the motivations and
evaluating the long-range importance of the contributions to com­
munication technology which are the substance of this history.

This is primarily an account of early Bell System achievements, but the
authors have not been restricted by geographic or corporate bound­
aries and have recognized fundamental contributions originating
outside the System. Nor has the treatment been constrained by strict
time boundaries, since many programs initiated before 1925 were
continued in the years following. Moreover, from our present position
in the 1970s we can see, in retrospect, the formative stages of new
ideas that were to have tremendous impact over long periods after
1925, some being even today the very essence of telecommunications.

Where outstanding developments and discoveries are dearly at­
tributable to an individual, we have tried to give appropriate credit.
The selection of a group of names is done with reluctance since others
may well deserve equal mention. It is understandably impossible to
list the hundreds who participated in the team effort responsible for so
much of the technical advance made during these 50 years. We
acknowledge the great debt owed to those dedicated workers whose
creativeness, enthusiasm, and unselfish exchange of ideas with their
fellows contributed so much to building up a completely new field of
technology.

This history was initiated at the suggestion of James B. Fisk when
he was President of Bell Laboratories. Most of the writing is the work
of W. H. Doherty (Chapters 1, 2, and 10), and J. W. Emling (Chapters
3, 4, 5, and 6), both of whom also collaborated in the planning of the
volume. The Non-Voice Communications chapter was prepared by F.
J. Singer, the Materials and Components chapter is largely based on
material submitted by A. G. Ganz and M. C. Wooley, and the Quality

xi



Acknowledgments

Assurance chapter was primarily the work of L. N. St. James with
some later assistance from G. R. Gause and G. J. Levenbach. Charles
Breen supplied extensive sections on toll switching and PBX develop­
ments for the Switching chapter. To F. L. Crutchfield we owe thanks
for his contributions on acoustics research and telephone instruments,
material which was drawn upon in Chapters 3 and 10. F. A.
Polkinghorn prepared an account of the history of radio communica­
tions in the Bell System which was helpful in preparing Chapter 5. Doren
Mitchell provided helpful source material on speech privacy and radio
control terminals for the same chapter. A. C. Keller wrote for us an
authoritative account of sound recording and reproducing which was
the basis for that portion of Chapter 4. S. O. Morgan's review of
chemistry research was a valuable source document, as were supple­
mentary writings by G. T. Kohman in this field. We are indebted also
to G. E. Moore who provided us with much background material on
physics, electronics, and materials research; to K. G. Van Wynen who
did a preliminary paper on telegraph transmission systems; and to
H. S. Renne who participated in the early stages of this work.

And, in the manner of all Bell Laboratories technical writing, the
material, after preparation by experts, was reviewed and criticized by
other experts who had established eminent reputations in their
specific fields. In this respected list are E. 1. Green, Ralph Bown, Lloyd
Espenschied, W. H. Martin, R. D. Parker, H. T. Friis, A. E. Joel, B. D.
Holbrook, G. D. Edwards, H. F. Dodge, E. G. D. Paterson, C. E. Fisher,
and W. S. Hayward.

In addition, there were many who provided us with personal
recollections in interviews and by correspondence, generously giving
of their time in discussing and commenting on this history, and
giving us access to the knowledge and experience of those who had
been closer to the events described. Thanks are therefore due to M. J.
Kelly, R. V. L. Hartley, H. W. Bode, W. C. Jones, A. W. Kishpaugh,
M. B. McDavitt, A. C. Dickieson, J. C. Schelleng, S. P. Shackleton,
E. L. Norton, P. W. Blye, R. M. Bozorth, H. A. Burgess, P. H. Evans,
A. G. Hall, J. R. Hefele, J. G. Knapp, J. M. Duguid, W. Keister, J. W.
Smith, E. A. Veazie, G. T. Ford, L. S. Inskip, J. F. Wentz, L. S. Hulin,
L. J. Cobb, K. E. Hammer, R. R. Stevens, F. F. Romanow, H. E. Curtis,
W. C. Babcock, H. C. Hart, J. B. Johnson, F. A. Korn, J. O. McNally,
R. 1. Wilkinson, A. A. Oswald, A. C. Peterson, J. R. Pierce, C. F.
Wiebusch, J. R. Wilson, R. M. Bums, and Pierre Mertz. Regrettably,
many in this list are no longer here to note our appreciation, but we
ask the reader to think of this book as a memorial to their considerable
achievements.

There are those who should be recognized for their part in
producing the printed work: Miss R. L. Stumm, who worked tirelessly

xii



Acknowledgments

on th.e typed script and searched the files for bibliographic material
and illustrations; Mrs. Y. H. Quick of the Western Electric Company
Historical Library, who provided us with reference documents from
her archives; Mrs. V. B. Graeper of the AT&TCo Editorial Research
Center, who was equally helpful with historical references from the
Headquarters collection; B. A. Stevens, who compiled the Index; and
R. E. Gillis and his associates in the Bell Laboratories Technical Publica­
tion Department, who took a manuscript and made a history book.

M. D. Fagen
Editor

xiii



References

Chapter 1. Bell's Telephone

Annual Reports. American Bell Telephone Co. and American Telephone and
Telegraph Co.

Bell, A. G. The Deposition of Alexander Graham Bell. Boston: American Bell
Telephone Co., 1908.

Bruce, R. V. Bell: Alexander Graham Bell and the Conquest of Solitude. Boston:
Little, Brown & Co., 1973.

Carty, J. J. "Telephone Engineering." AlEE Trans. 25 (1906): 81.
Casson, H. N. The History of the Telephone. Chicago: A. C. McClurg & Co., 1910.
Coon, H. American Tel & Tel, the Story of a Great Monopoly. New York:

Longmans, Green & Co., 1939.
Costain, T. B. The Chord of Steel. New York: Doubleday & Co., 1960.
Deland, F. "History of the Telephone." Unpublished manuscript.
Events in Telephone History. American Telephone and Telegraph Co., 1969.
Gray, Dr. E. Experimental Researches in Electroharmonic Telegraphy and

Telephony-1867-1878. New York: Russell Bros., 1878.
Hanscom, C. D. Dates in American Telephone Technology. Preliminary ed.

Bell Telephone Laboratories, 1961.
Holmes, E. T. A Wonderful Fifty Years. Privately published, 1917.
"Human Voice Transmitted by Telegraph." Sci. Amer. 11 (September 9, 1876):

163.
Kingsbury, J. E. The Telephone and Telephone Exchanges. New York: Longmans,

Green & Co., 1915.
Mackenzie, C. Alexander Graham Bell, the Man Who Contracted Space. Boston:

Houghton Mifflin Co., 1928. .
Miller, K. B. American Telephone Practice. New York: American Electrician Co.,

1899.
Miller, K. B. American Telephone Practice. 4th ed. New York: McGraw-Hill Book

Co., 1905.
Page, A. W. The Bell Telephone System. New York: Harper & Bros., 1941.
Pound, A. The Telephone Idea-Fifty Years After. New York: Greenberg, 1926.
Proceedings of the National Telephone Exchange Association. 1880-1888.
Rhodes, F. L. Beginnings of Telephony. New York: Harper & Bros., 1929.
Richards, W. L. "Notes on Bell's Discovery of the Speaking Telephone."

Unpublished manuscript.
Robertson, J. H. The Story of the Telephone: History of the Telecommunications

Industry of Britain. London: Isaac Pitman & Sons, 1947.

1015



1016 Engineering and Science in the Bell System

Stehman, Dr. J. W. Financial History of the AT&T Company. Boston: Houghton
Mifflin Co., 1925.

Still, A. Communication Through the Ages, From Sign Language to Television.
New York: Holt, Rinehart & Winston, 1946.

Taylor, L. W. "The Untold Story of the Telephone." The American Physics
Teacher 5 (1937):243.

Ten Men and the Telephone. American Telephone and Telegraph Co.
Things Worth Knowing About the Telephone. American Telephone and Telegraph

Co., October 1, 1926.
Watson, T. A. The Birth and Babyhood of the Telephone. New York: American

Telephone and Telegraph Co., 1931.
Watson, T. A. Exploring Life. New York: D. Appleton & Co., 1926.
Williams, A. Telegraphy and Telephony. Nashville, Tenn.: Thomas Nelson, Inc.,

1928.

Chapter 2. Early Corporate History

Annual Reports. American Bell Telephone Co. and American Telephone and
Telegraph Co.

Bruce, R. V. Bell: Alexander Graham Bell and the Conquest of Solitude. Boston:
Little, Brown & Co., 1973.

Craft, E. B. "The Bell System Research Laboratories." Electrical Commun. 2
(January 1924):153.

Dixon, A. F. "Twenty Years at West Street." Bell Laboratories Record 5-6
(December 1927):138.

Doherty, W. H. "The Bell System and the People Who Built It: The Early Days."
Bell Laboratories Record 46 (February 1968):38.

Doherty, W. H. "The Bell System and the People Who Built It: The Growing
Years." Bell Laboratories Record 46 (March 1968):76.

Hill, R. B. and Shaw, T. "Hammond V. Hayes: 1860-1947." Bell Telephone
Mag. 26 (Autumn 1947):150.

Langdon, W. C. "The Early Corporate Development of the Telephone." Bell
Telephone Quart. 2 (July 1923):133.

Langdon, W. C. "Two Founders of the Bell System." Bell Telephone Quart.
2 (October 1923):213.

Mabon, P. C. Mission: Communications. Bell Telephone Laboratories, 1975.
Paine, A. B. In One Man's Life. New York: Harper & Bros., '1921.
U. S. Federal Communications Commission. "Investigation of the Telephone

Industry in the United States." U. S. House of Representatives Document
No. 340, June 14, 1939.

Chapter 3. Station Apparatus

General

American Telephone and Telegraph Co. Telephone and Telegraph Statistics
of the World. Chief Statistician's Division, Annual Issues, 1912-1926.



References 1017

Atkinson, E. Ganot's Physics. New York: William Ward & Co., 1893.
Campbell, G. A. "Cissoidal Oscillations." AlEE Trans. 30, Part 2 (April 1911):873.
Collected Papers of G. A. Campbell. New York: American Telephone and

Telegraph Co., 1937.
Coolidge, O. H.; Gannett, D. K; and Van Wynen, K G. Transmission

hspects of Wire Communication Systems. Vol. 1, Chaps. 3 and 4. Bell Tele­
phone Laboratories Communications Development Training Course, Issue 1.

Crandall, I. B. Theory o/Vibrating Systems and Sound. New York: D. Van Nostrand
Co., 1926.

DeLand, F. "Notes on the Development of Telephone Service." Popular
Science Monthly 69 (November 1906):425; 69 (December 1906):490.

Dolbear, A. E. "A New System of Telephony." Sci. Amer. 44 (June 1881):388.
Du Moncel, Count. The Telephone, the Microphone and the Phonograph. New

York: Harper & Bros., 1879, pp. 18-22.
Events in Telephone History. American Telephone and Telegraph Co., 1969.
Fletcher, H. Speech and Hearing. New York: D. Van Nostrand Co., 1929.
Gherardi, B. "Henry as an Electrical Pioneer." Bell System Technical J. 11 (July

1932):327.
Green, E. I. "Telephony." Encyclopaedia Britannica 21 (1957):895-906.
Hanscom, C. D. Dates in American Telephone Technology. Preliminary ed. Bell

Telephone Laboratories, 1961.
Hunt, F. V. Electroacoustics. Cambridge, Mass.: Harvard University Press, 1954.
Inglis, A. H. Notes of interview by F. 1. Crutchfield at Bell Laboratories (1968).
Johnson, K S. "Discussion of the Various' Developments Made in Substation

Sets-With an Estimate of Their Economic Values." Internal memorandum,
Bell Telephone Laboratories (March 25, 1920).

Johnson, K S. Transmission Circuits for Telephonic Communication. Western
Electric Co., 1924.

Kingsbury, J. E. The Telephone and Telephone Exchanges. London: Longmans,
Green & Co., 1915.

Martin, W. H. "Seventy-Five Years of the Telephone: An Evolution in Tech­
nology." Bell System Technical J. 30 (April 1951):214.

Miller, K B. American Telephone Practice. 4th ed. New York: McGraw-Hill
Book Co., 1905.

Prescott, G. B. Bell's Electric Speaking Telephone. New York: D. Appleton & Co.,
1884.

Prescott, G. B. Speaking Telephone, Electric Light and Other Recent Electrical
Inventions. New York: D. Appleton & Co., 1879.

Rhodes, F. 1. Beginnings of Telephony. New York: Harper & Bros., 1929.
Rhodes, F. 1. John J. Carty, An Appreciation. New York: Privately printed, 1932.
"Unveiling of Memorial Tablet to Alexander Graham Bell at 16 South Charlotte

Street, Edinburgh." Scottish Electrical Engineer 8 (December 1937).
Vinal, G. W. Primary Batteries. New York: Wiley, 1950.
Walsh, J. 1. Connecticut Pioneers in Telephony. New Haven: Morris F. Tyler

Chapter, Telephone Pioneers of America, 1950.



1018 Engineering and Science in the Bell System

Western Electric Co. Catalogs, Bulletins, and Apparatus Card Files (various
years, 1890-1930).

Transmitters and Receivers

Bell, A. G. The Deposition of Alexander Graham Bell. Boston: American Bell
Telephone Co., 1908.

Frederick, H. A. "The Development of the Microphone." Bell Telephone
Quart. 10 (JUly 1931):164.

Hammer, K. E. "Transmitters and Receivers Used as Wall Sets and Deskstands."
Internal memorandum, Bell Telephone Laboratories (October 1949).

"List of Transmitter Types That Have Been Standard, Including Current
Standard Types, in the Bell System." Unpublished document, Bell Telephone
Laboratories.

Thompson, G. K. Internal memorandum for L. F. Morehouse, Equipment
Development Engineer (January 18, 1924).

Thompson, G. K. "Notes on Telephone Transmitters." Internal memorandum,
Bell Telephone Laboratories (November 6, 1924).

Customer Telephones

Campbell, G. A. and Foster, R. N. "Maximum Output Networks for Telephone
Substations and Repeater Networks." AlEE Trans. 39, Part 1 (1920):231.

Foley, J. W. "The Anti-Sidetone Station Circuit." Bell Laboratories Record 17
(July 1939):347.

Johnson, K. S. "Chronological Development of Commercial Subscriber
Circuits." Unpublished document, Bell Telephone Laboratories (March 8,
1920).

Johnson, K. S. "Discussion of the Various Developments Made in Substation
Sets-With an Estimate of Their Economic Values." Internal memorandum,
Bell Telephone Laboratories (March 25, 1920).

Thompson, G. K. "Development of the Wall Type of Substation Set." Int~rnal

memorandum, Bell Telephone Laboratories (April 10, 1930).
Wright, C. A. and Puchstein, A. F. Telephone Communication. New York:

McGraw-Hill Book Co., 1925.

Ringing, Signaling, and Switching

Allen, L. H. "The 1A Key Telephone System." Bell Laboratories Record 18
(June 1940):315.

Cruser, V. I. "Multiplying the Subscriber's Line." Bell Laboratories Record 8
(July 1930):527.

"Early Developments in Telephone Signalling." Bell Laboratories Record 1
(January 1926):207.

Hill, R. B. "Early. Work on Dial Telephone Systems." Bell Laboratories Record
31 (January 1953):22.

Stacy, L. J. "Calling Subscribers to the Telephone." Bell Laboratories Record 8
(November 1929):113.



References 1019

Stacy, L. J. "The History of Party Line Ringing." Internal memorandum,
Bell Telephone Laboratories (1935).

Stuart, W. M., Jr. "The Station Ringer." Bell Laboratories Record 10 (July 1932):
385.

"Telephone Signalling." Bell Laboratories Record 1 (February 1926):241.
Watson, T. A. The Birth and Babyhood of the Telephone. New York: American

Telephone and Telegraph Co., 1931.

Power Supplies

Miller, K. B. American Telephone Practice. 4th ed. New York: McGraw-Hill
Book Co., 1905.

Vinal, G. W. Primary Batteries. New York: Wiley, 1950, pp 22-23,104-105.

Special-Purpose Telephones

Beardsley, H. I. "Operators' Transmitters and Receivers." Bell Laboratories
Record 7 (January 1929):203.

"The Telephone's Use in Naval Warfare." Western Electric News 5 (May 1916):1.

Handsets

Frederick, H. A. "Early Handsets." Bell Laboratories Record 11 (July 1934):322.
Jones, W. C. and Inglis, A. H. "The Development of a Handset for Telephone

Stations." Bell System Technical J. 11 (April 1932):245.

Coin Boxes

Agreement Between Gray Telephone Pay Station Company and the Western
Electric Company (October 18, 1910).

"The First Telephone Pay Station." The Telephone Bulletin. Southern New
England Telephone Co. (October 1923).

History of the Development of the Gray Pay Station. Hartford, Conn.: The Gray
Telephone Pay Station Co., 1941.

Mabon, P. C. "Public Telephones." Bell Telephone Quart. 18 (October 1939):246.
Willis, W. L. "History of Coin Collectors." Internal memorandum, Bell Tele­

phone Laboratories (January 18, 1924).

Booths

"A Not So Private Peek at Some Very Private Public Telephones." The
Telephone News (July 1965):20.

Mabon, P. C. "Public Telephones." Bell Telephone Quart. 18 (October 1939):246.

High-Quality Instruments

Curl, H. C. "Amplifier for Condenser Transmitter." Bell Laboratories Record
6 (June 1928):329.

"For Better Radio Reception." Bell Laboratories Record 1-2 (December 1925):160.
Green, I. W. and Maxfield, J. P. "Public Address Systems." Bell System

Technical J. 2 (April 1923):113.



1020 Engineering and Science in the Bell System

"Historic Firsts-The Condenser Microphone." Bell Laboratories Record 21
(1943):394.

Jones, W. C. and Giles, L. W. "A Moving-Coil Microphone for High­
Quality Sound Reproduction." J. Soc. Motion Picture Engineers 17 (December
1931):977.

Sivian, L. J. "A Telephone Transmission Reference System." Electrical Commun.
3 (October 1924):114.

Wente, E. C. "Absolute Measurement of Sound Intensity." Phys. Rev. 10 (July
1917):51.

Wente, E. C. "Electrostatic Transmitter." Phys. Rev. 19 (May 1922):498.
Wente, E. C. and Thuras, A. L. "A High Efficiency Receiver for a Hom-Type

Loud Speaker of Large Power Capacity." Bell System Technical J. 7
(January 1928):140.

Wente, E. C. and Thuras, A. L. "Moving-Coil Telephone Receivers and
Microphones." Bell System Technical J. 10 (October 1931):565.

Western Electric Co. "No. 540-AW Loud Speaking Telephone." Instruction Book­
let (1924).

Summary-Technological Growth

Campbell, G. A. "Cissoidal Oscillations." AlEE Trans. 3D, Part 2 (April
1911):873.

Campbell, G. A. "Physical Theory of the Electric Wave-Filter." Bell System
Technical J. 1 (November 1922):1.

Crandall, 1. B. Theory of Vibrating Systems and Sound. New York: D. Van
Nostrand Co., 1926.

Hartley, R. V. L. "The Transmission Unit." Electrical Commun. 3 (July 1924):34.
Martin, W. H. "The Transmission Unit and Telephone Transmission Reference

Systems." Bell System Technical J. 3 (July 1924):400.
Shea, T. E. Transmission Networks and Wave Filters. New York: D. Van

Nostrand Co., 1929.

Chapter 4. Telephone Transmission-The Wire Plant

General Transmission Material

American Technical Society. Encyclopedia of Telephony and Telegraphy. 1919.
American Telephone and Telegraph Co. Telephone Almanac. New York:

1922-1925.
Capen, W. H. "Wire Telephone Communication iJ;l Theory and Practice." Proc.

Telephone and Telegraph Section, American Railway Assn., October, 1925.
[Also in Electrical Commun. 4 (January 1926):161].

Clark, A. B. "The Development of Telephony in .the United States."
AlEE Trans. 71, Part 1 (1952):348.

Emling, J. W. "The Conquest of Distance." IRE Student Quart. (May 1962):3.
Green, E. 1. "Telephony." Encyclopaedia Britannica 21 (1957):895-906.



References 1021

Historic Firsts. Pamphlet consisting of selected reprints from the Bell Labora­
tories Record. New York: Bell Telephone Laboratories, 1948.

Jewett, F. B. "Long Distance Telephony in America." Paper presented at the
CongressoInternazionale delle Applicazioni Elettriche, 10-17September 1911,
at Torino.

~)tecker, R. B. "A History of Transmission Systems." Western Electric
Engineer 3 (October 1959):2.

Early Development of Open Wire and Cable

Awarding of the Edward Longstreth Medal to Thomas B. Doolittle, Abstract of
proceedings of June 1, 1898 meeting of the Franklin Institute Committee on
Science and the Arts. J. Franklin lnst. (August 1898):158.

"Cable Sheath-a Review." Western Electric Engineer 2 (October 1958):2.
Campbell, A. S. "We Had Little to Guide Us." Long Lines 4 (April 1925):17.
Doolittle, T. B. "Hard Drawn Copper Wire:" Telephone Topics (December 1910).
Grace, S. P. "The Telephone Wire Plant." AlEE Trans. 26, Part 1 (1907):569.
Green, E. I. "The Transmission Characteristics of Open-Wire Telephone Lines."

Bell System Technical J. 9 (October 1930):730.
Griswold, A. H. "Design of Telephone Pole Lines for Conditions West of the

Rocky Mountains." AlEE Trans. 31 (May 1912):481.
Jewett, F. B. "The Modem Telephone Cable." AlEE Trans. 28, Part 2 (June­

December, 1909):1079.
Lawson, C. C. "Neoprene Jacketed Telephone Wires." Wire and Wire Products

25 (October 1950):829.
Lockwood, T. D. "Earth Wires; or, the Earth as an Electric Circuit Com­

pleter." Paper read before the American Institute of Electrical Engineers,
October 1881, at Philadelphia.

Lockwood, T. D. "Some Recent Advances in Telephony." AlEE Trans. 3
(1886):74.

Martin, W. H.; Anderegg, G. A.; and Kendall, B. W. "Key West-Havana
Submarine Telephone Cable." AlEE Trans. 41 (March 1922):184.

Mills, J.; Nance, H. H.; Oram, R. M.; and Jewett, F. B. "A Quarter Century of
Transcontinental Telephone Service." Bell Telephone Quart. 19 (January
1940):3.

Owens-Illinois Glass Co. Hemingray Insulators. Chicago, 1946.
Pilliod, J. J. "Philadelphia-Pittsburgh Section of the New York-Chicago

Cable." AlEE Trans. 41 (June 1922):446.
Rhodes, F. L. "Cable Development and Research." Bell Telephone Mag. 3

(January 1924):30.
Rhodes, F. L. "How the Telephone Wires Were First Put Underground." Bell

Telephone Mag. 2 (October 1923):240.
Rhodes, F. L. and Hosford, R. 'F. "Recent Results Obtained from the Preserva­

tive Treatment of Telephone Poles." AlEE Trans. 34, Part 2 (1915):2549.
Rhodes, F. L. "A Short History of the Development and Use of Cable in

the Bell System." Unpublished manuscript.
Weaver, M. A. "The Long Struggle against Cable Crosstalk." Bell Telephone

Quart. 14 (January 1935):3.
Western Electric Co. Catalogs (1908, 1911, 1916, 1929).



1022 Engineering and Science in the Bell System

Transmission Theory

Appleyard, R. "The Origin and Development of the Transmission Equation."
Electrical Commun. 2 (January 1924):183.

Johnson, K. S. Transmission Circuits for Telephqnic Communication. Western
Electric Co., 1924, pp. 143-151.

Loading, Phantom Circuits, and Related Matter

Brittain, J. E. "The Introduction of the Loading Coil: George A. Campbell and
Michael I. Pupin." Technology and Culture (January 1970):36.

Campbell, G. A. "On Loaded Lines in Telephonic Transmission." Philosophical
Mag. 5 (March 1903):313.

The Collected Papers of George Ashley Campbell. New York: American Telephone
and Telegraph Co., 1937.

Fondiller, W. "Commercial Loading of Telephone Cable." Electrical Commun. 4
(July 1925):24.

Gherardi, B. "The Commercial Loading of Telephone Circuits in the Bell Sys­
tem." AlEE Trans. 30, Part 3 (June-December 1911):1743.

Hill, R. B. and Shaw, T. "Hammond V. Hayes: 1860-1947." Bell Telephone Mag.
26 (Autumn 1947):150.

Jewett, F. B. "Dr. George A. Campbell." Bell System Technical J. 14 (October
1935):553.

Shaw, T. "The Evolution of Inductive Loading for Bell System Telephone
Facilities." Bell System Technical J. 30(1951):149.

Shaw, T. and Fondiller, W. "Development and Application of Loading for
Telephone Circuits." Bell System Technical J. 5 (April 1926):221.

Repeaters, Their Application to the Line, and Other Voice-Frequency Problems
Involved in Building Up Voice-Frequency Telephone Plant

Bouton, L. L. "Fo~r-Wire Circuits in Retrospect." Bell Laboratories Record 17
(December 1938):116.

Clark, A. B. "Telephone Transmission over Long Cable Circuits." Bell System
Technical J. 2 (January 1923):67.

Clark, A. B. and Mathes, R. C. "Echo Suppressors for Long Telephone
Circuits." AlEE Trans. 44 (April 1925):481.

Demarest, C. S. "Telephone Equipment for Long Cable Circuits." Bell System
Technical J. 2 (July 1923):112.

Gherardi, B. and Jewett, F. B. "Telephone Repeaters." Prdc. of AlEE 38
(November 1919):1255.

Jewett, F. B. "Transcontinental Panorama." Bell System Quart. 19 (January
1940):46.

Lockwood, T. D. "Telephone Repeaters or Relays, and Repeating Systems." The
Electrical World 28 (November 1896):593.

Osborne, H. S. "Telephone Transmission over Long Distances." AlEE Trans. 42
(October 1923):1051.

Shaw, T. "The Conquest of Distance by Wire Telephony." Bell System Technical
J. 23 (October 1944):337.

Smith, C. A. "Fifty Years of Telephone Repeaters." Bell Laboratories Record
27 (January 1949):5.



References 1023

Carrier, Public Address, and Program Transmission

Bower, M. M. "'the Carrier Telephone Alphabet." Bell Laboratories Record
16 (February 1938):208.

Clark, A. B. and Green, C. W. "Long Distance Cable Circuit for Program
Transmission." Bell System Technical J. 9 (July 1930):567.

Clark, A. B. and Osborne, H. S. "Long Distance Telephone Circuits in Cable."
•Bell System Technical J., 11 (October 1932):520.

Colpitts, E. H. and Blackwell, O. B. "Carner Current Telephony and
Telegraphy." AlEE Trans. 40 (1921):205.

Cowan, F. A. "Telephone Circuits for Program Transmission." AlEE Trans. 48
(July 1929):1045.

Green, l. W. and Maxfield, J. P. "Public Address Systems." Bell System Technical
J. 2 (April 1923):113.

Hartley, R. V. L. "Transmission Limits of Telephone Lines." Bell Laboratories
Record 1 (February 1926):225.

Horton, J. W. "Multiplex Transmission by Carrier Currents." Bell Laboratories
Record 1 (December 1925):147.

Jewett, F. B. "Making the Most of the Line." Paper read before the American
Institute of Electrical Engineers, 17 October 1923, at Philadelphia.

Kendall, B. W. "Carrier Current-Telephone Systems." Bell Laboratories Record
1 (December 1925):154.

Martin, W. H. and Clark, A. B. "Use of Public Address System with Telephone
Lines." Bell System Technical J. 2 (April 1923):143.

Martin, W: H. and Fletcher, H. "High Quality Transmission and Reproduction
of Speech and Music." J. AlEE 43 (March 1924):384.

Rose, A. F. "Practical Application of Carrier Telephone and Telegraph in the
Bell System." Electrical Commun. 1 (April 1923):16.

Rose, A. F. "Twenty Years of Carrier Telephony." Bell Telephone Quart. 17
(October 1938):245.

Slaughter, N. H. "Carrier Telephone Equipment for High-Voltage Power
Transmission Lines." Electrical Commun. 3 (October 1924):127.

Slaughter, N. H. and Wolfe, W. V. "Carrier Telephone on Power Lines."
AlEE Trans. 43 (April 1924):620.

Stone, J. S. "The Practical Aspects of the Propagation of High Frequency
Electric Waves along Wires." J. Franklin Inst. 174 (October 1912):353.

Wolfe, W. V. "Carrier Telephony on High Voltage Power Lines." Bell System
Technical J. 4 (January 1925):152.

Vacuum Tubes

"Hendrick Johannes van der Bijl." Proc. IRE 33 (1945):352.
King, R. W. "Thermionic Vacuum Tubes and their Applications." Bell System

Technical J. 2 (October 1923):31.
Llewellyn, F. B. "Birth of the Electron Tube Amplifier." Radio and Television

News (March 1957):43.
Pratt, H. "Radio Ancestors-An Autobiography by Robert H. Marriott." IEEE

Spectrum 5 (June 1968):52.



1024 Engineering and Science in the Bell System

Van der Bijl, H. J. The Thermionic Vacuum Tube and Its Applications. New
York: McGraw-Hill Book Co., 1920.

M~asuring Gear and Maintenance
Alford, R. S. "Crosstalk Measurements." Bell Laboratories Record 15 (August

1937):377.
Augustadt, H. W. "Transmission Networks and their Measurement." Bell

Laboratories Record 10 (April 1932):296.
Barstow, J. M. "A New Noise Meter." Bell Laboratories Record 15 (April

1937):252.
Bertels, A. S. "Testing Ringers and Dials at Subscribers' Stations." Bell

Laboratories Record 8 (February 1930):263.
Best, F. H. "Decibel Meters." Bell Laboratories Record 15 (January 1937):167.
Best, F. H. "Measuring Methods for Maintailling Transmission Efficiency of

Telephone Circuits." J. AlEE 43 (February 1924):136.
Castner, T. G. "A General-Purpose Frequency Analyzer." Bell Laboratories

Record 13 (May 1935):267.
Douglass, H. T. "Transmission Testing of Central-Office Circuits." Bell

Laboratories Record 7 (March 1929):283.
Ferguson, J. G. "A Clock-Controlled Tuning Fork as a Source of Constant

Frequency." Bell System Technical J. 3 (January 1924):145.
Ford, G. T. "Standard Housings for Portable Test Sets." Bell Laboratories

Record 8 (November 1929):120.
Gerks, I. H. "Extending the Usefulness of the Oscillograph in Circuit Testing."

Bell Laboratories Record 7 (May 1929):352.
Harden, W. H. "Electrical Tests and their Applications in the Maintenance

of Telephone Transmission." Bell System Technical J. 3 (July 1924):353.
Harden, W. H. "Practices in Telephone Transmission Maintenance Work." Bell

System TechnicalJ. 4 (January 1925):26.
Hartley, R. V. L. "The Transmission Unit." Electrical Commun. 3 (July 1924):34.
Hartley, R. V. L. " 'TD' Becomes 'Decibel.' "Bell Laboratories Record 7 (December

1928):137.
Heising, R. A. "Generating High Frequencies with Precision." Bell Laboratories

Record 11 (December 1932):100.'
Heising, R. A. Quartz Crystals for Electrical Circuits; their Design and Manufacture.

New York: Van Nostrand, 1946.
Henneberger, T. C. and Edwards, P. G. "Bridge Methods for Locating

Resistance Faults on Cable Wires." Bell System TechnicalJ. 10 (July 1931):382.
Johnson, J. B. "A Low Voltage Cathode Ray Oscillograph." Bell System Tech­

nical J. 1 (November 1922):142.
Krazinski, L. C. "Primary Toll Test Boards." Bell Laboratories Record 13

(April 1935):245.
Kuebler, R. E. "An Improved Volume Indicator." Bell Laboratories Record 13

(December 1934):122.
Lundius, E. R. "Automatic Testing Equipment for Trunk Circuits." Bell

Laboratories Record 9 (August 1931):589.



References 1025

Lutomirski, K. "Toll Transmission Measuring System for the No. 8 Test and
Control Board." Bell Laboratories Record 12 (August 1934):367.

Martin, W. H. "The Transmission Unit and Telephone Transmission Reference
Systems." ]. AlEE 43 Oune 1924):504.

Martin, W. H. and Gray, C. H. G. "Master Reference System for Telephone
• Transmission." Bell System Technical]. 8 (July 1929):536.

Moore, C. R. and Curtis, A. S. "An Analyzer for the Voice Frequency Range."
Bell System Technical J. 6 (April 1927):217.

Nielsen, J. E. "A Crosstalk Measuring Set of Improved Precision." Bell
Laboratories Record 11 (October 1932):53.

Pascarella, A. J. "Locating Faults on Toll Lines." Bell Laboratories Record 7
December 1928):161.

Sivian, t. J. "Speech Power and Its Measurement." Bell System Technical]. 8
(October 1929):646.

Sivian, L. J. "A Telephone Transmission Reference System." Electrical Commun.
3 (October 1924):114.

Slonczewski, T. "Automatic Measurement of Transmission." Bell Laboratories
Record 15 (October 1936):56.

Smith, C. W. "Practical Application of the Transmission Unit." Bell System
Technical]. 3 (July 1924):409.

Zammataro, S. J. "Impedance Bridges." Bell Laboratories Record 8 (December
1929):167.

Zammataro, S. J. "A Univ.-ersal Laboratory Transmission-Measuring Set."
Bell Laboratories Record 2 (May 1926):98.

Growth and Plant Statistics

Annual Reports to Stockholders. American Bell Telephone Co. and American
Telephone and Telegraph Co.

Baldwin, F. G. C. History of the Telephone in the United Kingdom. London:
Chapman, 1925.

Gherardi, B. and Jewett, F. B. "Telephone Communication System of the United
States." Bell System Technical]. 9 Oanuary 1930): 1.

Mougey, W. E. "Principal Stages of Development in Toll Cables in the Bell
System." From "Story of Telephone Cables," Internal memorandum, Bell
Telephone Laboratories Ouly 5, 1945).

Rhodes, F. L. The Beginnings of Telephony. New York: Harper & Bros., 1929.
Royal, W. C. "A Brief History of Telephone Cable Development." Internal

memorandum, Bell Telephone Laboratories.

Control of Interference

Babcock, W. c.; Rentrop, E.; and Thaeler, C. S. "Crosstalk on Open-Wire
Lines." Bell System Monograph 2520 (1955).

Carty, J. J. "Inductive Disturbances in Telephone Circuits." AlEE Trans. 8
(1891):99.

Chapman, A. G. "Open-Wire Crosstalk." Bell System Technical]. 13 (January
1934):19; 13 (April 1934):195.



1026 Engineering and Science in the Bell System

Corbett, L. J. Inductive Coordination of Electric Power and Communication Circuits.
San Francisco: The J. H. Neblett Pressroom, Ltd., 1936, Introduction.

Friedlander, G. D. "Railroad Electrification: Past, Present, and Future," IEEE
Spectrum 5 (September 1968):77.

Hill, R. B. "John A. Barrett, Pioneer in Telephone Research." Bell Laboratories
Record 27 (July 1949):255.

Jansky, c. M., and Faber, D. C. Principles of the Telephone, Part I. New York:
McGraw-Hill Book Co., 1916, pp. 117-131.

May, D. T. "The Development of the Protector Block." Bell Laboratories
Record 11 (November 1932):80.

Pack, R. F. "Introductory Remarks-Symposium on Coordination of Power and
Telephone Plant." Bell System Technical]. 10 (April 1931):155.

Savage, E. S. "Fuses." Bell Laboratories Record 12 (September 1933):27.

Telegraphy

Bell, J. H. "Composite Telegraphy." Bell Laboratories Record 7 (December
1928):140.

Chapter 5. Telephone Transmission-The Advent of Radio

General

Banning, W. P. Commercial Broadcasting Pioneer: The WEAF Experiment,
1922-1926. Cambridge, Mass.: Harvard University Press, 1946.

Blake, G. G. History of Radio Telegraphy and Telephony. London: Chapman
and Hall, Ltd., 1928, pp. 65-67.

DeSoto, C. B. 200 Meters and Down. West Hartford, Conn.: American Radio
Relay League, 1936.

Espenschied, L. "The Origin and Development of Radiotelephony." Proc. IRE
25 (September 1937):1101.

Fleming, J. A. Electric Wave Telegraphy and Telephony. 3rd ed. London:
Longmans, Green & Co., 1916, pp. 467-474.

Fleming, J. A. Principles of Electric Wave Telegraphy and Telephony. 4th ed.
New York: Longmans, Green & Co., 1919, pp. 368-372.

Lodge, O. J. Signalling through Space without Wires. 3rd ed. New York: D. Van
Nostrand Co., 1900.

Maclaurin, W. R. Invention and Innovation in the Radio Industry. New York:
Macmillan Co., 1949.

Michaelis, A. R. From Semaphore to Satellite. Geneva: International Tele­
communication Union, 1965.

Page, A. W., et al. Modern Communication. Boston: Houghton Mifflin Co.,
1932.

Pratt, H. "Radio Ancestors-An Autobiography by Robert H. Marriott." IEEE
Spectrum 5 (June 1968):52.

Shiers, G. "The First Electron Tube." Sci. Amer. 220 (March 1969):104.
Susskind, C. "The Early History of Electronics. II. The Experiments of Hertz."

IEEE Spectrum 5 (December 1968):57; "III. Prehistory of Radiotelegraphy."



References 1027

IEEE Spectrum 6 (April 1969):69; "N. First Radiotelegraphy Experiments."
IEEE Spectrum 6 (August 1969):66.

Wheeler, L. P. "Nikola Tesla's Achievements in the Electrical Arts; Part II.
Tesla's Contribution to High Frequency." Electflical Engineer 62 (August
1943):355.

General Technical Background

Bullington, K. "Radio Propagation Fundamentals." Bell System Technical J. 36
(May 1957):593.

Everitt, W. L. Communication Engineering. New York: McGraw-Hill Book Co.,
1937.

Hartley, R. V. L. "Relations of Carrier and Side-Bands in Radio Transmission."
Proc. IRE 11 (February 1923):34.

Heising, R. A. "Modulation in Radio Telephony." Proc. IRE 9 (August 1921):305.
Heising, R. A. "Production of Single Sideband for Transatlantic Radio

Telephony." Proc. IRE 13 (June 1925):291.
"Historic Firsts: The Heising Modulator." Bell Laboratories Record 23 (January

1945):6.
Polkinghorn, F. A. "Commercial Single Sideband Radiotelephone Systems."

Communications 28 (December 1948):24.

Early Bell System Work Through World War I
Craft, E. B. and Colpitts, E. H. "Radio Telephony." Proc. AlEE 38, Part 1

(March 1919):337.
Heising, R. A. "History of Airplane Radio." Bridge of Eta Kappa Nu (Fall

1962):2.
"Pioneering in Radio Telephony." Bell Telephone Mag. 20 (February 1941):21.

Early Postwar (1) Era

Griswold, A. H. "The Radio Telephone Situation." Bell Telephone Quart. 1
(April 1922):2.

Nichols, H. W. and Espenschied, L. "Radio Extension of the Telephone"System
to Ships at Sea." Proc. IRE 11 (June 1923):193.

"The Place of Radio in the Communication Field." Western Electric News 10
(October 1921):16.

Transatlantic-General and Low-Frequency

Arnold, H. D. and Espenschied, L. "Transatlantic Radio Telephony." J. AlEE
42 (August 1923):815.

Bailey, A. and McCann, T. A. "Application of Printing Telegraph to Long-Wave
Radio Circuits." Bell System Technical J. 10 (October 1931):601.

Blackwell, O. B. "Transatlantic Telephony-The Technical Problem." Bell System
Technical J. 7 (April 1928):168.

Bown, R. "Transoceanic Radiotelephone Development." Proc. IRE 25 (September
1937):1124.

"Who Wants to Talk Across the Atlantic?" 195 Mag. 38 (October 1965):24.



1028 Engineering and Science in the Bell System

Transatlantic High-Frequency

Bown, R. "Transoceanic Telephone Service-Short-Wave Transmission." Bell
System Technical J. 9 (April 1930):258.

"Historic Firsts: The Horizontal Rhombic Antenna." Bell Laboratories Record 22
(June 1944):440.

O'Dea, W. T. Science Museum of the Handbook of the Collections Illustrating
Electrical Engineering. II. Radio Communication. Part I. History and Develop­
ment. London: His Majesty's Stationery Office, 1934.

Oswald, A. A. "Transoceanic Telephone Service-Short-Wave Equipment.
Bell System Technical J. 9 (April 1930):270.

Schelleng, J. C. "Some Problems in Short-Wave Telephone Transmission." Proc.
IRE 18 (June 1930):913.

Broadcasting-General

Barrett, R. T. "Network Broadcasting." Bell Telephone Quart. 13 (April 1934):75.
Bown, R. and Gillett, G. D. "Distribution of Radio Waves from Broadcasting

Stations over City Districts." Proc. IRE 12 (August 1924):395.
Bown, R.; Martin, D. K; and Potter, R. K "Some Studies in Radio Broadcast

Transmission." Bell System Technical J. 5 (January 1926):143.
Clark, A. B. "Wire Line Systems for National Broadcasting." Bell System

Technical J. 9 (January 1930):141.
Clark, A. B. and Green, C. W. "Long Distance Cable Circuit for Program

Transmission." Bell System Technical J. 9 (July 1930):567.
Cowan, F. A. "Telephone Circuits for Program Transmission." AlEE Trans.

48 (July 1929):1045.
Espenschied, 1. "Radio Broadcast Coverage of City Areas." Bell System

Technical J. 6 (January 1927):117.
Events in Telephone History. New York: American Telephone and Telegraph

Co., p. 28.
Foland, H. S. and Rose, A. F. "Telephone Circuits Used as an Adjunct to

Radio Broadcasting." Electrical Commun. 3 (January 1925):194.
Martin, D. K., Gillett, G. D., and Bemis, 1. S. "Common Frequency Broad­

casting." Proc. IRE 15 (March 1927):213.
Thayer, H. B. "The Radio Broadcasting Situation." Bell Telephone Quart. 3

(April 1924):113.

Broadcast Equipment

Doherty, W. H. "A New High Efficiency Power Amplifier for Modulated Waves."
Proc. IRE 24 (September 1936):1163.

Doherty, W. H. and Towner, O. W. "A 50-Kilowatt Broadcast Station Utilizing
the Doherty Amplifier and Designed for Expansion to SOO Kilowatts." Proc.
IRE 27 (September 1939):531.

"Historic Firsts: Crystal-Controlled Broadcasting." Bell Laboratories Record 26
(October 1948):420.



References 1029

Logan, M. A. "A Recording Transmission Measuring Set." Bell Laboratories
Record 13 (June 1935):295.

Nelson, E. L. "Broadcasting Transmitters and Related Phenomena." Bell System
Technical f. 9 (January 1930):121.

Nelson, E. L. "Transmitting Equipment for Radio Telephone Broadcasting."
Proc. IRE 12 (October 1924):553.

Slaughter, N. H. "Four Years' Progress in Radio Broadcasting." Bell Laboratories
Record 3 (September 1926):1.

Western Electric Co. Bulletin "No. 103-C (50-watt) Radio Telephone Broadcast­
ing Equipment." (Plus others covering equipment developed before 1926.)

Radio Measurements

Bown, R., Englund, C. R., and Friis, H. T. "Radio Transmission Measurements."
Proc. IRE 11 (April 1923):115.

Coram, R. E. "A Frequency Monitoring Unit for Broadcast Stations." Bell
Laboratories Record 11 (December 1932):113.

Jensen, A. G. "New Portable Sets Measure Radio Transmission." Bell Labora­
tories Record 2 (June 1926):177.

Jensen, A. G. "Portable Receiving Sets for Measuring Field Strengths at Broad­
casting Frequencies." Proc. IRE 14 (June 1926):333.

Roetken, A. A. "Measuring the Frequencies of Radio Signals." Bell Laboratories
Record 9 (August 1931):585.

Chapter 6. Switching and Signaling Systems

Introduction and General Concepts

Events in Telephone History, 1970 to Date. New York: American Telephone and
Telegraph Co., 1975.

Green, E. 1. "Telephony." Encyclopaedia Britannica 21 (1957):895-906.
Holmes, E. T. A Wonderful fifty Years. Privately printed, 1917.
Kingsbury, J. E. The Telephone and Telephone Exchanges. London: Longmans,

Green, & Co., 1915.
Miller, K. B. American Telephone Practice. 4th ed. New York: McGraw-Hill

Book Co., 1905.
Preece, W. H. and Maier, J. The Telephone. New York: D. Van Nostrand Co.,

1889.
Reports of the Meetings of the National Telephone Exchange Assoc. (1880-1890).
Rhodes, F. L. Beginnings of Telephony. New York: Harper & Bros., 1929.
Robertson, J. H. The Story of the Telephone: History of the Telecommunications

Industry of Britain. London: Isaac Pitman & Sons, 1947.
Smith, A. B. and Campbell, W. L. Automatic Telephony. New York: McGraw­

Hill Book Co., 1914.
Statistical Reports. American Telephone and Telegraph Co. (1913-1945).
Stehman, J. W. The financial History of the American Telephone and Telegraph

Company. Boston: Houghton Mifflin Co., 1925.



1030 Engineering and Science in the Bell System

Telephone and Telegraph Statistics of the World. New York: American Telephone
and Telegraph Co./ Chief Statistician's Division, 1912-1926 (Annual Issues).

"Telephone Service." Circular of the Bureau of Standards, No. 112. Washington:
GQvernment Printing Office, 1921.

Western Electric Co. Catalogs, Bulletins, and Instruction Manuals (1890-1930).

Evolution of Manual Exchange Switching

Barrett, R. T. "The Changing Years as Seen from the Switchboard." Bell
Telephone Quart. 10 (January-October, 1935).

Bennetto, J. "New Haven Pioneer Exchange, Marks 60th Birthday." The Tele­
phone Bulletin 31 (January 1938).

Bouman, B. M. "Early Manual Switchboard Development." Bell Laboratories
Record 9 (February 1931):265.

Bronson, F. M. "Tandem Operation in the Bell System." Bell System Technical
J. 15 (July 1936):380.

"Central Battery versus Local Battery Operation." Western Electric Co. Bulletin
No. 1017 (August 1911).

Collins, C. A. and Schreiner, L. R. Telephone Practice. Bell Laboratories Out-of­
Hours text, Course 160 (1937-1938):Chap.9.

DeLand, F. "Notes on the Development of Telephone Service." Popular Science
Monthly (November 1906):425; (December 1906):490; (January 1907):48;
(March 1907):229; (April 1907):317; (May 1907):404; (June 1907):518; (July
1907):21; (August 1907):139; (September 1907):227; (October 1907):313;
(November 1907):433.

Findley, P. B. "Our Historical Museum." Bell Laboratories Record 1 (December
1925):137.

Holbrook, B. D. "Early Switching History." Transcript of interview at Murray
Hill, N. J. (September 9, 1971).

Holmes, E. T. "Notes on Early Telephone Work." Handwritten document pre­
pared for T. D. Lockwood, General Inspector of the American Bell Telephone
Co. (1883).

James, F. S. and Farnham, W. E. "Operating Features of the Straightforward
Trunking Method." Bell Telephone Quart. 9 (January 1930):25.

Jewett, F. B. "The Telephone Switchboard-Fifty Years of History."
Bell Telephone Quart. 7 (July 1928):149.

Kingsbury, J. E. "The Origin and Development of the Telephone Switch­
board." Proc. lEE 24 (1895):36.

Lewis, F. P. "The Pioneer Exchange in New Haven." The Telephone Bulletin
4 (February 1911). (Manuscript in American Telephone and Telegraph Co.
Historical Files.)

Lockwood, T. D. "The Evolution of the Telephone Switchboard." AlEE Trans. 21
(January-June, 1903):127.

Mead, E. D. "Saving By Swaging." Bell Laboratories Record 3 (October 1926):83.
Neill, P. "Fifty Years of Telephone Plugs." Bell Laboratories Record 5

(December 1927):104.



References 1031

Richards, W. L. "Operation of New Haven Switchboard Model." Unpublished
document, American Telephone and Telegraph Historical Files (1927).

Ritchie, G. A. "Lever-Type Keys." Bell Laboratories Record 7 (September
1928):56.

Scribner, C. E. "The Genesis of the Telephone Switchboard." Proc. of the Sixth
Annual Convention, Telephone Pioneers of America, October 27-28, 1916, at
Atlanta, Georgia.

Shackleton, S. P. and Purcell, H. W. "Relays in the Bell System." Bell System
Technical J. 3 (January 1924):1.

Spencer, C. G. "The Manual Tandem Board." Bell Laboratories Record 8
(January 1930):233.

Thompson, G. K. and Hill, R. B. "The Fir:st Telephone Switchboard and Its
Method of Operation." Bell Telephone Quart. 9 (July 1930):205.

"Untechnical Talks on Technical Topics." ("Keys.") Western Electric News 7
(August 1918):7.

"Untechnical Talks on Technical Topics." ("The Multiple Telephone Switch­
board.") Western Electric News 1 (June 1912):20.

"Untechnical Talks on Technical Topics." ("Relays, Drops, and Signals.")
Western Electric News 3 (December 1914):26.

Walsh, J. L. Connecticut Pioneers in Telephony. New Haven: Privately printed,
1950. .

Willenbruch, W. "Switchboard Lamps." Unpublished manuscript, March 1938.

Trunking and Switching Theory

Crowley, T. H.; Harris, G. G.; Miller, S. E.; Pierce, J. R.; and Runyon, J. P.
Modern Communications. New York: Columbia University Press, 1962, Chap.
10.

Hayward, W. S. "Traffic Engineering." Internal communication, Bell Labora­
tories (May 14, 1974).

Molina, E. C. "Application of the Theory of Probability to Telephone
Trunking Problems." Bell System Technical J. 6 (July 1927):461.

Molina, E. C. "Theory of Probability and Some Applications to Engineering
Problems." AlEE Trans. 44 (February 1925):294.

Rorty, M. C. "Application of the Theory of Probability to Traffic Problems."
Unpublished manuscript, American Telephone and Telegraph Co. (October
22,1903).

Wilkinson, R. I. "The Beginnings of Switching Theory in the United States."
Electrical Engineering 75 (September 1956):796.

Automatic Switching

"Automatic Exchange Apparatus." Circular Letter No. 387, Western Electric Co.
(May 23, 1904).

"Automatic Switchboards for Small Exchanges." Circular No. 25, American
Telephone and Telegraph Co. (May 21, 1924).

Carty, J. J. "Telephone Service in America." Paper presented at the Interna-



1032 Engineering and Sdence in the Bell System

tional Conference of European Telephone and Telegraph Administrations,
September 4-11,1910, at Paris.

Clark, E. H. "Evolution of the Call-Indicator System." Bell Laboratories Record
8 (December 1929):171.

Craft, E. B.; Morehouse, L. F.; and Charlesworth, H. P. "Machine Switching
Telephone System for Large Metropolitan Areas." Bell System Technical J.
2 (April 1923):53.

Curran, S. T. "Key-Display Type Call Indicators." Bell Laboratories Record 8
Ouly 1930):515.

"Description of the Village System of 1895." Unpublished notes prepared from
contemporary records of 1884 to 1902, Bell Telephone Laboratories (1947).

Engineering Considerations of the Bell System. Training material used by Bell
Telephone Laboratories (1967): chaps. 5 and 6.

Feder, H. S. and Spencer, A. E. "Telephone Switching." Sci. Amer. 207
Ouly 1962):132.

Freeman, W. G. "History of the Development of the Panel Machine Switching
System." Unpublished document, Bell Telephone Laboratories (1937).

Gherardi, B. and Charlesworth, H. P. "Machine Switching for the Bell System."
Supplement to the Telephone Review (April 1920).

Goldsmith, E. H. "The Panel Type Dial Telephone System." Training material
used by the New York Telephone Co. (December 1926).

Hill, R. B. "Early Work on Dial Telephone Systems." Bell Laboratories Record
31 Oanuary 1953):22.

Hill, R. B. "The Early Years of the Strowger System." Bell Laboratorie$
Record 31 (March 1953):95.

Hill, R. B. "History of Dial Switching in the Bell System." Unpublished notes,
Bell Laboratories (1945 and 1947).

"Important Improvements in Automatic Exchange Circuits and Apparatus."
Information Bulletin No. 30, Western Electric Engineering Dept. (December 1,
1905).

Joel, A. E., Jr. "A Chronology of Bell System Automatic Switching System
Developments." Internal memorandum, Bell Laboratories (May 18, 1971).

Keister, W. "Switching History." Transcript of interview at Murray Hill, N. J.
(April 1, 1969).

Laidlaw, E. A. "Facts or Opinions." P. O. Elec. Eng. J. 5 Ouly 1912):207.
Machine Switching Equipment Notes, Vol. 2. Training material, Western Electric

Engineering Dept. (1920).
McDavitt, M. B. "History, Development, and Application of Machine Switching

in the Bell System." Unpublished document Oanuary 6, 1949).
Myers, O. "Common Control Telephone Switching Systems." Bell System

Technical J. 31 (November 1952):1086.
Notes on Tandem Telephone Switching Systems. Training material, Bell Telephone

Laboratories (1973).
"Survey of Telephone Switching." Training material prepared by the Pacific

Telephone and Telegraph Co. (November 1956).



References 1033

Telephone Switching Systems in the Bell System. Training material used by Bell
Telephone'Laboratories (August 1971).

Washburn, S. H. "An Instance of Automation: The Mechanization of Telephone
Switching." 1967 IEEE Convention Record, Part II:158.

Toll Switching

Breen, C. and Dahlbom, C. A. "Signaling Systems for Control of Telephone
Switching." Bell System Technical J. 34 (November 1960):1381.

"Calculagraphs, Electrically Driven." Bell System Practices, Section 030-101-101,
Issue 1, American Telephone and Telegraph Co. (November 1935):1.

"Calculagraphs, Spring-Driven." Bell System Practices, Section 030-100-101,
Issue 1, American Telephone and Telegraph Co. (September 1926):1.

Campbell, W. L. "A Study of Multi-Office Automatic Switchboard Telephone
Systems." AlEE Trans. 27 (1908):503.

Carty, J. J. "The Telephone's Development." Bell Telephone Quart. 1 (April
1922):23.

Clark, A. B. "Development of Telephony in the United States." AlEE Trans. 71
(November 1952):350.

Davidson, J. "Toll Switchboard No.3." Bell System Technical J. 6 (January
1927):18.

"Distributor Signalling." Bulletin No. 162, American Tlephone and Telegraph
Co. (December 19, 1924):25.

Fundamentals of Switching. BTL Training Course 330 (1948): chaps. 8 and 11.
Gherardi, B. and Jewett, F. B. "Telephone Communication System of the United

States." Bell System Technical J. 9 (January 1930):1.
Hamilton, B. P. "Single-Line Telegraphy in Early Bell System Practice." Bell

Laboratories Record 23 (November 1945):419.
Harrison, W. H. "Recent Developments in Toll Telephone Service." Bell Tele-

phone Quart. 9 (April 1930):124. .
"Henry Abbott-Father of the Calculagraph." Telephony 124 (May 22,1943):24.
"Improved Telephone Signals and Telegraph Arrangements." Memorandum

for Mr. Gherardi, American Telephone and Telegraph Co. (January 26,
1918).

James, F. S. and Farnham, W. E. "Operating Features of the Straightforward
Trunking Method." Bell Telephone Quart. 9 (January 1930):25.
Jewett, F. B. "Electrical Communications: Past, Present, Future," Bell Telephone

Quart. 14 (July 1935):167.
"KS-14156 Switchboard Position Clocks." Bell System Practices, Section 030-114­

801, Issue 1, American Telephone and Telegraph Co. (February 1953):1.
"1000 Cycles Signaling System." Bulletin No. 170, American Telephone and

Telegraph Co. (November 7, 1924).
Osborne, H. S. "A General Switching Plan for Toll Service." Bell System

Technical J. 9 (July 1930):429.
Osborne, H. S. "Technical Developments Underlying the Toll Services of the

Bell System." Bell System Technical J. 15, Supplement (January 1936):2.



1034 Engineering and Science in the Bell System

Pilliod, J. J. "Engineering the Long Lines." Bell Telephone Quart. 2 (January
1923):22.

Porter, L. F. "A New Type of Toll Switchboard." Bell Laboratories Record 4
(June 1927):337.

"Switchboard Position Clocks." Bell System Practices, Section 030-114-811, Issue
I, American Telephone and Telegraph Co. (January 1953):1.

"Telephone Signalling." Bell Laboratories Record 1 (February 1926):241.
"Terminal Ringer." D&R Bulletin No. 133, American Telephone and Telegraph

Co. (March 21, 1924):1.
Waterson, K. W. "Functions and Management Problems of the Traffic Depart­

ment." Bell I:elephone Quart. 5 (October 1926):203.
Waterson, K. W. "Improvement in Toll Service through Combined Line and

Recording Method." Bell Telephone Quart. 5 (April 1926):71.

Private Branch Exchange (PBX) Switching

Abbott, H. H. "Development of Dial PBX's." Internal memorandum, Bell
Laboratories (April 10, 1935).

Abbott, H. H. "60 Years of PBX Development." Bell Laboratories Record 46
(January 1968):8.

"Automatic Exchanges." General Engineering Circular No. 25, American Tele­
phone and Telegraph Co. (May 21, 1904).

Circular Letter No. 511, Western Electric Co. (June 21, 1907).
Events in Telephone History, 1790 to Date. New York: American Telephone and

Telegraph Co., 1975, p. 9.
Ferguson, J. G. "Recollections of Dial PBX and C. D. O. Developments."

Internal memorandum, Bell Laboratories (November 21,1960).
"551-A and 551-B Non-Multiple Private Branch Exchange." General Engineering

Circular No. 982, American Telephone and Telegraph Co. (July I, 1920).
Gherardi, B. "Machine Switching Systems." Internal memorandum, American

Telephone and Telegraph Co. (July 24, 1917).
"The Growth of the Private Branch Telephone Exchange Service in New York

City." Electrical Engineer 24 (November 25, 1897):497.
Harper, R. W. "Private Branch Exchanges." Bell Laboratories Record 7 (February

1929):226.
Lockwood, T. D. "Ten Years Progress in Telephony." Western Electrician 1

(October I, 1887):165.
J'Machine Switching Private Branch Exchange No. 700-C." General Engineering

Circular No. 1302, American Telephone and Telegraph Co. (September 25,
1923).

"Multiple Private Branch Exchange No. 600-C." General Engineering Circular
No. 1232, American Telephone and Telegraph Co. (January 23, 1923).

"No. 4 Private Branch Exchange Boards." Bulletin No. 1018, Western Electric
Co. (1911).

"No 505-C Non-Multiple Cordless Private Branch Exchange for Operation with
Machine-Switching Central Offices:" General Engineering Circular No. 1081,
American Telephone and Telegraph Co. (August 29, 1921).



References 1035

"No. 604-C Private Branch Exchange." Letter to Chief Engineers, American
Telephone and Telegraph Co. (November 29,1926).

"No. 605-A Private Branch Exchange." Plant Engineering Circular No. 380,
American Telephone and Telegraph Co. (July 5, 1929).

"Operating Methods." Engineering Department Bulletin No. 11, American
Telephone and Telegraph Co. (February 1904).

"Private Branch Exchange No.2." Engineering Department Bulletin No.9,
American Telephone and Telegraph Co. (October 1903).

"Private Branch Exchange Switchboard No. 550-B." General Engineering
Circular No. 665, American Telephone and Telegraph Co. (September 18,
1916).

"Private Branch Exchanges." Engineering Department Bulletin No.1, American
Telephone and Telegraph Co. (July 1902).

"Re-Designed Cordless Private Branch Exchange." General Engineering
Circular No. 577, American Telephone and Telegraph Co. (January 20,1916).

Rhodes, F. L. Beginnings of Telephony. New York: Harper & Bros., 1929, p. 9.
"Sales of Automatic Exchanges and Notes on Recent Improvements." Informa­

tion Bulletin No. 30, Western Electric Co. (December 1, 1905).
"Telephone Systems for Large Buildings." Western Electrician 1 (July 2, 1887):1.

Central-Office Power Systems

Callahan, V. T. "A New Emergency Power Supply Unit." Bell Laboratories
Record 8 (December 1929):158.

Callahan, V. T. "New Standards in Emergency Power-Supply Units." Bell
Laboratories Record 6 (June 1928):318.

DeKay, R. D. "Power for Magneto Offices. Bell Laboratories Record 9 (December
1930):180.

Duguid, J. M. "Historical Review of Bell System Power Development." Internal
memorandum, Bell Telephone Laboratories (March 3,1961).

Duguid, J. M. "Milestones in Telephone Power Plant Development." Internal
memorandum, Bell Telephone Laboratories (February 28, 1957).

Martin, R. P., Jr. "Talking Battery." Bell Laboratories Record 15 (January
1937):138.

Van Duyne, C. W. "Insuring Central-Office Power Supply." Bell Laboratories
Record 7 (September 1928):21.

Young, R. L. "Power Plants for Telephone Offices." Bell System Technical J.
6 (October 1927):702.

Young, R. L. and Lunsford, R. L. "Automatic Power Plant for Telephone
. Offices." AlEE Trans. 50 (September 1931):949.

Chapter 7. Non-Voice Communications

General

Bennett, W. R. and Davey, J. R. Data Transmission. New York: McGraw-Hill
Book Co., 1965.



1036 Engineering and Science in the Bell System

Brown, F. J. Cable and Wireless Communications of the World. 2nd ed. London:
Isaac Pitman & Sons, 1930.

Crote!, A. Elementary Telegraphy and Telephony. London: E. and F. N. Spon,
1903.

Everitt, W. L. Communication Engineering. New York: McGraw-Hill Book Co.,
1932.

Gherardi, B. and Jewett, F. B. "Telephone Communication System of the United
States." Bell System Technical J. 9 (January 1930):1.

Harrison, H. H. Printing Telegraph Systems and Mechanisms. New York: Long-
mans, Green & Co., 1923.

Hausmann, E. Telegraph Engineering and Manual for Practicing Engineers and
Engineering Students. 2nd ed. New York: D. Van Nostrand Co., 1922.
Herbert, T. E. Telegraphy-A Detailed Exposition of the Telegraph System of the

British Post Office. 5th ed. London: Isaac Pitman & Sons, 1930.
Jewett, F. B. "Electrical Communications, Past, Present, Future." Bell Telephone

Quart. 14 (July 1935):167.
Jewett, F. B. "Utilizing the Results of Fundamental Research in the Communica­

tion Field." Bell Telephone Quart. 11 (April 1932):143.
Maver, W., Jr. American Telegraphy and Encyclopedia of the Telegraph. New York:

Maver Publishing Co., 1912.
Notes on Telegraph Engineering. New York: American Telephone and

Telegraph Co., 1929.
Still, A Communication Through the Ages, From Sign Language to Television.

New York: Holt, Rinehart & Winston, 1946.
Stone, A E. Text Book of Telegraphy. London: Macmillan & Co., 1928.
Williams, A. Telegraphy and Telephony. London: Thomas Nelson & Sons, 1928.

Telegraph Within the Bell System:

General

Bell, J. H. "Composite Telegraphy and Telephony." J. Post Office Electrical
Engineers 15 (April 1922):1.

Bell, J. H. "The KR Law as Applied to Quadruplex Working." Telegraph and
Telephone Age (May 16, 1912):313.

Bell, J. H. "Printing Telegraph Systems." AlEE Trans. 39 (1920):167.
Bell, J. H. "Western Electric Company Multiplex Telegraph System." Telegraph

and Telephone J. 1 (March 1915):118.
Bell, J. H.; Shanck, R. B.; and Brimson, D. E. "Metallic Polar-Duplex Telegraph

System for Long Small-Gauge Cables." AlEE Trans. 44 (April 1925):378.
Colpitts, E. H. and Blackwell, O. B. "Carrier Current Telephony and Teleg­

raphy." AlEE Trans. 40 (1921):205.
Duncan, J. A; Parker, R. D.; and Pierce, R. E. "Telegraphy in the Bell System."

AlEE Trans. 63 (June 1944):1032.
Hamilton, B. P. "Early Bell System Polar Telegraphy." Bell Laboratories Record

24 (June 1946):224.



References 1037

Hamilton, B. P. "Single-Line Telegraphy in Early Bell System Practice." Bell
Laboratories Record 23 (November 1945):419.

Jewett, F. B. "Enter Multiplex Telephony and Telegraphy." Western Electric
News 7 (January 1919):1.

McMurry, F. R. "Telegraphy by Typewriter." Bell Laboratories Record 3
(September 1926):3.

Meyer, D. C. "New Telegraph Equipment." Bell Laboratories Record 2 (May
1926):103.

Parker, R. D. "Telegraphy." Nelson's Encyclopedia (October 1922).
Parker, R. D. "Telephone Typewriters and Auxiliary Arrangements." Bell

Telephone Quart. (July 1929):181.
Pierce, R. E. "Communication by Police Teletypewriters." Electrical Engineering

51 (August 1932):550.
Pierce, R. E. "Modem Practices in Private Wire Telegraph Service." AlEE Trans.

50 (1931):426.
Rainey, P. M. "A New Printing Telegraph System." The Electrical World 65

(April 3, 1915):848.
Vemam, G. S. "Cipher Printing Telegraph Systems for Secret Wire and

Radio Telegraphic Communications." AlEE Trans. 45 (February 1926):109.
Watson, E. F. "Fundamentals of TeletypeWriters Used in the Bell System." Bell

System Technical J. 17 (October 1938):620.

Transmission Theory

Carson, J. R. "Theory of the Transient Oscillations of Electrical Networks and
Transmission Systems." AlEE Trans. 38 (1919):345.

Herman, J. "Effect of Signal Distortion on Morse Telegraph Transmission
Quality." Bell System Technical J. 8 (April 1929):267.

Jewett, F. B. "Some Recent Developments in Telephony and Telegraphy."
Proc. Pan-American Scientific Congress, 1915-1916.

Nyquist, H. "Certain Factors Affecting Telegraph Speed." Bell System Technical J.
3 (April 1924):324.

Nyquist, H. "Certain Topics in Telegraph Transmission." AlEE Trans. 47
(March 1928):214.

Nyquist, H. "Certain Topics in Telegraph Transmission Theory." AlEE, Trans.
47 (February 1928):617.

Submarine-Cable and Radio Telegraphy

Bailey, A. and McCann, T. A. "Application of the Printing Telegraph to Long­
Wave Radio Circuits." Proc. IRE 19 (December 1931):2177.

Buckley, 6. E. "High-Speed Ocean Cable Telegraphy." Bell System Technical J.
7 (April 1928):225.

Buckley, O. E. "The Loaded Submarine Telegraph Cable." Bell System
Technical J. 4 (July 1925):355.



1038 Engineering and Science in the Bell System

Carson, J. R. and Gilbert, J. J. "The Sea Return Impedance of a Submarine
Cable." The Electrician 88 (April 28, 1922):499.

Carson, J. R. and Gilbert, J. J. "Transmission Characteristics of the Submarine
Cable." J. of Franklin Institute 192 (December 1921):705.

Clokey, A. A. "Automatic Printing Equipment for Long Loaded Submarine
Telegraph Cables." Bell System Technical J. 6 (July 1927):402.

Curtis, A. M. "The Application of Vacuum Tube Amplifiers to Submarine
Telegraph Cables." Bell System Technical!. 6 (July 1927):425.

Curtis, A. M. "'Signal Shaping' for Submarine Cables." Bell Laboratories
Record 6 (April 1928):237.

Gilbert, J. J. "Balanced Sea Earth for Cables." The Electrician 97 (August 6,1926):
152.

Gilbert, J. J. "Determination of Electrical Characteristics of Loaded Telegraph
Cables." Bell System Technical!. 6 (July 1927):387.

Gilbert, J. J. "Extraneous Interference on Submarine Telegraph Cables." Bell
System Technical!. 5 (July 1926):404.

Heising, R. A. "Printing Telegraph by Radio." J. of Franklin Institute 193 (January
1922):97.

Repeaters

Bell, J. H. "Cross-Fire Neutralization of Telegraph Circuits." Bell Laboratories
Record 9 (December 1930):171.

Bell, J. H. "A Regenerative Telegraph Repeater." Bell Laboratories Record 8
(August 1930):570.

Cummings, G. C. "The Single-Line Telegraph Repeater." Bell Laboratories
Record 10 (October 1931):39.

Fry, J. R. and Gardner, 1. A. "Polarized Telegraph Relays." AlEE Trans.
44 (March 1925):223.

Shanck, R. B. "Neutralization of Telegraph Crossfire." Bell System Technical J.
5 (July 1926):418.

Spenser, H. H. "Telegraph Ground-Potential Compensator." Bell Laboratories
Record 9 (February 1931):271.

Wilburn, S. D. "Line Current Regulation in Bridge Polar Duplex Telegraph
Circuits." Bell System Technical J. 5 (October 1926):625.

Voice-Frequency Carrier

Bell, J. H. "Carrier-Current Telegraphy." Bell Laboratories Record 1 (January
1926):187.

Hamilton, B. P. "Carrier Telegraphy in the Bell System." Bell Laboratories Record
26 (February 1948):58.

Hamilton, B. P.; Nyquist, H.; Long, M. B.; and Phelps, W. A. "Voice­
Frequency Carrier Telegraph System for Cables." AlEE Trans. 44 (March 1925):

213.
Mahoney, J. A. "New Equipment for Voice-Frequency Telegraphy." Bell Labora­

tories Record 7 (February 1929):241.



References 1039

Testing and Maintenance

Osborne, H. S. "Detection and Location of Trouble on Telephone and Telegraph
Circuits." Proc. American Railway Assoc. (September 1924).

Wier, A. J. "Telegraph Testing Facilities." Bell Laboratories Record 14 (October
1935):45.

Telephotography and Television

Gannett, D. K. and Green, E. 1. "Wire Transmission System for Television."
Bell System Technical J. 6 (October 1927):616.

Gray, F.; Horton, J. W.; and Mathes, R. C. "The Production and Utilization of
Television Signals." Bell System Technical J. 6 (October 1927):560.

Harkness, W. E. "Commercial Use of Telephotographs." Bell Telephone Quart.
6 (July 1927):171.

Ives, H. E. "Television." Bell System Technical J. 6 (October 1927):551.
Ives, H. E.; Horton, J. W.; Parker, R. D.; and Clark, A. B. "The Transmission of

Pictures over Telephone Lines." Bell System Technical J. 4 (April 1925):187.
Nelson, E. L. "Radio Transmission System for Television." Bell System

Technical J. 6 (October 1927):633.
O'Brien, J. B. "The Transmission of Pictures over Telephone Wires." Bell

Telephone Quart. 3 (July 1924):186.
Stoller, H. M. "Synchronization System for Two-Way Television." Bell System

Technical J. 9 (July 1930):470.
Stoller, H. M. and Morton, E. R. "Synchronization of Television." Bell System

Technical J. 6 (October 1927):604.

Chapter 8. Materials and Components

Magnetic Materials Development

Arnold, H. D. and Elmen, G. W. "Permalloy, An Alloy of Remarkable Mag­
netic Properties." J. of Franklin Institute 195 (May 1923):621.

Buckley, O. E. "High Speed Ocean Cable Telegraphy." Bell System Technical J.
7 (April 1928):225.

Buckley, O. E. "The Loaded Submarine Telegraph Cable." Bell System Technical J.
4 (July 1925):355.

Buckley, O. E. "Transoceanic Telephone Cables." Bell System Technical J. 20
(June 1942):238.

Elmen, G. W. "New Permalloys." Bell Laboratories Record 10 (September 1931):2.
Fondiller, W. "Developments in Communication Materials." Bell System Tech-

nical J. 9 (April 1930):237.
Fondiller, W. "A New Era in Loading." Bell Laboratories Record 5 (September
1927):1.
Hill, R. B. "Birth of the Loading Coil." Bell Laboratories Record 30 (June

1952):263.
Legg, V. E. "Magnetic Measurements at Low Flux Densities Using the Alternat­

ing Current Bridge." Bell System Technical J. 15 (January 1936):39.



1040 Engineering and Sdence in the Bell System

Legg, V. E. and Given, F. J. "Compressed Powdered Molybdenum Permalloy
for High Quality Inductance Coils." Bell System Technical J. 19 Guly 1940):385.

Martin, W. H.; Anderegg, G. A; and Kendall, B. W. "Key West-Havana
Submarine Telephone Cable System." AlEE Trans. 16 (February 1922):1.

"The New York-Azores Cable." Bell Laboratories Record 1 (November 1925):
116.

Peterson, E. and Wrathall, 1. R. "Eddy Currents in Composite Laminations."
Proc. IRE 24 (February 1936):275.

. Schwartz, E. 1. "Permalloy in Audio Transformers." Bell Laboratories Record
6 (April 1928):259.

Shackelton, W. J. and Barber, 1. G. "Compressed Powdered Permalloy,
Manufacture and Magnetic Properties." AlEE Trans. 47 (April 1928):429.

Shaw, T. "Inductive Loading for Bell System Telephone Circuits." Bell System
Technical J. 30 (1951):149.

Shaw, T. and Fondiller, W. "Development and Application of Loading for
Telephone Circuits." Bell System Technical J. 5 (April 1926):221.

Speed, B. and EImen, G. W. "Magnetic Properties of Compressed Powdered
Iron." AlEE Trans. 40 Gune 1921):1321.

Communications Transformers

Casper, N. 1. "Telephone Transformers." AlEE Trans. 43 (March 1924):197.
Colpitts, E. H. and Blackwell, O. B. "Carrier Current Telephony and Teleg-

raphy." AlEE Trans. 40 (1921):205.
Field, F. E. "Evolution of the Input Transformer." Bell Laboratories Record

3 (October 1926):33.
Hanscom, C. D. Dates in American Telephone Technology. New York: Bell Tele­

phone Laboratories, 1961, p. 25.
Hitchcock, H. W. "Carrier-Current Communication on Submarine Cables." Bell

System Technical J. 5 (1926):636.
Johnson, K. S. Transmission Circuits for Telephonic Communication. New York:

D. Van Nostrand Co., 1927, Chaps. 6, 7, and 8.
Miller, K. B. American Telephone Practice. 4th ed. New York: McGraw-Hill

Book Co., 1905.
Rhodes, F. 1. Beginnings of Telephony. New York: Harper & Bros., 1929, pp.

152, 166, In, and 179.
Shaw, T. "The Conquest of Distance by Wire Telephony." Bell System Technical

J. 23 (October 1944):337.
Smith, C. A "Fifty Years of Telephone Repeaters." Bell Laboratories Record

27 Ganuary 1949);5.
"Technical Developments Underlying the Toll Services of the Bell System."
Bell System Technical J., Supplement Guly 1936):11.

Inductors (Retardation Coils)

Darnell, P. S. "Retardation Coils for Precision Filters." Bell Laboratories Record
12 (August 1934):375.



References 1041

Kahl, W. E. "Adjusting Precision Filters." Bell Laboratories Record 12 (August
1934):379.

Capacitors

Coursey, P. R. Electrical Condensers. Lonnon: Isaac Pitman & Sons, 1927, pp.
412-471.

Froberg, M. A. "Commercial Generator for Central Office Power Plants." Bell
Laboratories Record 5 (December 1927):1130.

Kingsbury, J. E. The Telephone and Telephone Exchanges. London: Longmans,
Green and Co., 1915, p. 457.

Mansbridge, G. F. "The Manufacture of Electrical Condensers." J. of lEE 41
(1908):535.

Prescott, G. B. Bell's Electric Speaking Telephone. New York: D. Appleton & Co.,
1884, p. 23.

Siegmund, H. O. "The Aluminum Electrolytic Condenser." Bell System Technical J.
8 (January 1929):41.

Wheatstone, C. "On the Position of Aluminum in the Voltaic Series."
Philosophical Mag. 10 (1855):143.

Vacuum Tubes

Arnold, H. D. "Phenomena in Oxide-Coated Filament Electron Tubes." Phys.
Rev. 16 (July 1920):70.

Gannett, D. K. "The Vacuum Tube in Telephone Communications." Bell Tele­
phone Quart. 12 (October 1933):240.

Heising, R. A. "The Audion Oscillator." Phys. Rev. 16 (September 1920):216.
Houskeeper, W. G. "The Art of Sealing Base Metals Through Glass."

AlEE Trans. 42 (June 1923):870.
King, R. W. "Calculation of the Constants of the Three-Electrode Thermionic

Vacuum Tube." Phys. Rev. 15 (April 1920):256.

King, R. W. "Thermionic Vacuum Tubes and Their Applications." Bell System
Technical J. 2 (October 1923):31.

Llewellyn, F. B. "Birth of the Electron Tube Amplifier." Radio and Television
News 57 (March 1957):43.

Nichols, H. W. "The Audion as a Circuit Element." Phys. Rev. 13 (June
1919):404.

Tyne, G. F. J. "The Saga of the Vacuum Tube." Radio News 29 (March 1943)
through 35 (April 1946).

Van der Bijl, H. J. "Theory of the Thermionic Amplifier." Phys. Rev. 12
(September 1918):171.

Van der Bijl, H. J. The Thermionic Vacuum Tube and Its Applications. New York:
McGraw-Hill Book Co., 1920.

Wilson, W. "A New Type of High Power Vacuum Tube." Bell System Technical J.
1 (July 1922):4.



1042 Engineering and Science in the Bell System

Chapter 9. Quality Assurance

Annual Report. Western Electric Co., 1922.
Jevons, W. S. The Principles of Science. London: Macmillan & Co., 1907.
Jones, R. L. "'The Viewpoint of Inspection Engineering." Bell Laboratories Record

2 (August 1926):241.
Olmstead, P. "Our Debt to Walter Shewhart." Industrial Quality Control (Shew­

hart Memorial Issue) 24 (August 1967):72. (In particular, note the illustration,
"The First Control Chart," which precedes the article.)

Shewhart, W. A. "The Application of Statistics as an Aid in Maintaining
Quality of a Manufactured Product." J. of American Statistical Assn. 20
(December 1925):546.

Shewhart, W. A. The Economic Control of Quality of Manufactured Product. New
York: Van Nostrand & Co., 1931, Chap. 4.

Shewhart, W. A. "Quality Control Charts." Bell System Technical J. 5
(October 1926):593.

Shewhart, W. A. "Some Applications of Statistical Methods to the Analysis of
Physical and Engineering Data." Bell System Technical J. 3 (January 1924):43.

Wilks, S. S. Mathematical Statistics. New York: John Wiley & Sons, 1962.

Chapter 10. The Spirit of Research

Arnold, H. D. "Systematized Research." Bell Laboratories Record 6 (June
1928):313.

Bello, F. "'The World's Greatest Industrial Laboratory."Fortune 58 (November
1958):148; (December 1958):117.

Bown, R. "Vitality of a Research Institution and How to Maintain It." Proc. Sixth
Annual Conf. Admin. Res. (1953):31.

Findley, P. B. "'The Research Department." Bell Laboratories Record 2 (June
1926):164.

Fisk, J. B. "Strategy in Industrial Research." Research Management 6 (September
1963):325.

Jewett, F. B. "Elements of Industrial Research." Chemical Age 1 (December
25, 1919):286.

Kelly, M. J. "Bell Telephone Laboratories-An Example of an Institute of Cre­
ative Technology." Proc. Royal Soc., A 203 (October 10, 1950):287.

Williams, R. R. "Chemistry in the Telephone Industry." Industrial and Engineer­
ing Chemistry 22 (April 1930):316.



Credits

Acknowledgment is made to the following for their kind permission to reprint
copyrighted material: .

Figures 3-7, 4-17 through 4-19,4-21,4-24,4-25,6-3,6-5 through 6-13, and 6-16
from Frederick Leland Rhodes, The Beginnings of Telephony. Copyright 1929 by
Harper and Row, Publishers, Inc.; renewed 1957 by Eleanor A. Rhodes.
Reprinted by permission of the publisher.

Figure 3-94a from Frederick V. Hunt, Electroacoustics. Copyright 1954 by
Harvard University Press. Reprinted with permission.

Figure 4-8 from J. W. Emling, "The Conquest of Distance." IRE Student
Quarterly, May 1962. Copyright 1962 by The Institute of Electrical and
Electronic Engineers, Inc. Reprinted with permission.

Figure 4-54 from E. H. Colpitts and O. B.Blackwell, "Carrier Current Telephony
and Telegraphy." AlEE Transactions, Vol. 40 (1921). Copyright 1921 by The
Institute of Electrical and Electronic Engineers, Inc. Reprinted with
permission.

Figure 4-69 from F. A. Cowan, "Telephone Circuits for Program Transmission."
AlEE Transactions, July 1929. Copyright 1929 by The Institute of Electrical
and Electronic Engineers, Inc. Reprinted with permission.

Figures 5-27 through 5-29 from H. D. Arnold and L. Espenschied, "Trans­
atlantic Radio Telephony." Journal of the AlEE, August 1923. Figures 5-63
and 10-14 from R. Bown, et aI., "Radio Transmission Measurements."
Proceedings of the IRE, April 1923. Figures 5-66 and 5-67 from H. W. Nichols
and L. Espenschied, "Radio Extension of the Telephone System to Ships at
Sea." Proceedings of the IRE, June 1923. Copyright 1923 by The Institute of
Electrical and Electronic Engineers, Inc. Reprinted with permission.

Figure 5-30 from Arthur W. Page, et aI., Modern Communication. Copyright 1932
by Houghton Mifflin Company. Reprinted with permission.

Figures 5-52 and 5-53 from E. L. Nelson, "Transmitting Equipment for Radio
Telephone Broadcasting." Proceedings of the IRE, October 1924. Figures 5-59
and 5-60 from R. Bown and G. D. Gillett, "Distribution of Radio Waves from
Broadcasting Stations Over City Districts." Proceedings of the IRE, August
1924. Copyright 1924 by The Institute of Electrical and Electronic Engineers,
Inc. Reprinted with permission.

1043



1044 Engineering and Sdence in the Bell System

Figure 5-64 from A. G. Jensen, "Portable Receiving Sets for Measuring Field
Strengths at Broadcasting Frequencies." Proceedings of the IRE, June 1926.
Figure 5-65 from G. D. Gillett, "Portable Field Strength Measuring Equip­
Il)ent." Proceedings of the IRE, May 1926. Copyright 1926 by The Institute
of Electrical and Electronic Engineers, Inc. Reprinted with permission.

Figure 6-45a from H. S. Feder and A. E. Spencer, "Telephone Switching."
Copyright © 1962 by Scientific American, Inc. All rights reserved.

Figure 6-58 from H. S. Feder and A. E. Spencer, "Telephone Switching."
Scientific American, July 1962. Copyright 1962 by David Linton. Reprinted
with permission.

Figure 7-2 from Alfred Still, Communication Through the Ages. Copyright 1946
by Holt, Rinehart and Winston, Inc. Reprinted with permission.

Figure 10-11 from J. B. Johnson, Physical Review, Vol. 26 (1925). Copyright
1925 by the American Institute of Physics. Reprinted with permission.

Figure 10-12 from L. Espenschied, "The Origin and Development of Radio­
telephony." Proceedings of the IRE, September 1937. Copyright 1937 by The
Institute of Electrical and Electronic Engineers, Inc. Reprinted with per­
mission.

Figure 10-20 from H. Fletcher and R. L. Wegel, "The Frequency-Sensitivity
of Normal Ears." Physical Review, June 1922. Copyright 1922 by the American
Institute of Physics. Reprinted with permission.

Figure 10-22 from H. Fletcher, "Physical Measurements of Audition and Their
Bearing on the Theory of Hearing." Journal of the Franklin Institute, Septem­
ber 1923. Figures 10-37 through 10-39 from H. D. Arnold and G. W. Elmen,
"Permalloy, an Alloy of Remarkable Magnetic Properties." Journal of the
Franklin Institute, May 1923. Copyright 1923 by the Franklin Institute. Re­
printed with permission.

Figure 10-45 from C. J. Davisson and L. H. Germer, "Diffraction of Electrons
by a Crystal of Nickel." Physical Review, December 1927. Copyright 1927
by the American InStitute of Physics. Reprinted with permission.

Figure 10-46 from L. H. Germer, "Optical Experiments with Electrons." Journal
of Chemical Education, September 1928. Copyright 1928 by the American
Chemical Society. Reprinted with permission.



Abbott, H., 625
Acoustic feedback in handsets, 146
Acoustical Society of America, founded 1929,

956
Ader

and Hughes microphone, 68
used Bell's receivers, 1884, 68

Adsorption, Becker's studies, 992
Aircraft

antennas, 1918, 374
crew intercom, 372, 375, 380
radio 1917, SCR-68, 176, 371, 373
ruggedized tube, 379, 380
wind-driven generator, 372, 375

Albany, N.Y., switchboard, 1892, 4%
Alexanderson

alternator for radio, 357
of General Electric, tube modulator, 364

All-number dialing, 577
Alloy

Cioffi's study of pure materials, 993
Elmen's work, 979
for cable sheathing, lead-antimony, 959
for cable sheaths, Patterson's, 212
for capacitors, foil of lead-tin, 833
permalloy, 1924-5, 802
surface effects, chromium permalloy, 805
with X rays, McKeehan study, 982

Alternate routing, 471
Amateur

assigned HF bands, 406
broadcasting, 1920-21,426
radio frequency allocation, 1912, 384

American. See also AT&TCo
District Telegraph Co., Chicago, 1878, 483
District Telephone Co., N.Y., 1880, 155
Speaking Telephone Co., formed by Western

Union, 31
Telephone and Telegraph Co. (AT&TCo), 1885,

34
American Bell. See also AT&TCo

Telephone Company, 1880, 31
Telephone Company merged into

AT&TCo,34
American Institute of Electrical Engineers

(AlEE),886
Amplification

Arnold's study of the audion, 260, 967
Arnold, mercury vapor, 258, 967
by relay, 512, 519
Campbell, 4-wire circuit, 266
Campbell, arc, 896
Campbell, electron stream, 256
carbon transmitter as an, 64, 253
Colpitts push-pull, 1912, 364

1045

Index

factor, tube, 946
for public address, 1916, 293
Fritz Lowenstein, 1912, 260
limitations of the mechanical, 256
No. lA repeater, mechanical, 255, 259
Rhodes, Stone, X ray, 893
Shreeve, mechanical, 254, 257, 261
Stone, de Forest audion, 258, 260, 364
Stone, rotating generator, 893
transatlantic radio, 416
transcontinental line, 1914, tube, 261
two-way, with tube, 264
v. Lieben cathode ray tube, 258

Analog
current and sound, .Bell, A. G., 5, 6, 59
defined,59
electromechanical, 925, 934
vocal tract, electrical, 954

Anders, George, selective ring, 121
Annunciator. See Drop
Antenna

aircraft, 374
Bruce Array, 412
Bruce, rhombic, 4U
Campbell, array, 912
Grecian Key, 412
low-noise site and directional, 400, 4U,

413
measurement, 455, 456
MUSA,424

Anti-sidetone. See AST
Antimony alloys, cable sheath, 215
Antwerp, Belgium, WECo manufacture, 33, 140,

608
Arc

amplification, 896
for carrier, 278
mercury, chargers, 707
Poulsen, 357
Poulsen, for radiotelephony, 365

Armstrong, 364
Arnold, C. H., phantom circuit, 238
Arnold, H. D., 1911, 258

Director of Research, BTI, 53, 55
in California, radio test, 366
mercury vapor amplifier, 967
on research, 1926, 883, 925, 929
single sideband, 899
thermophone, 930
tube amplifier, 967, 970
vacuum tube from audion, 260, 364
with Elmen on permalloy, 981

Artificial line, radio, 456
AST or anti-sidetone, 106, 107



1046 Index

AT&TCo, including precursors
absorbed American Bell, 34
acquires WECo, 490
acquires Western Union telephones, 489
and Automatic Electric, patents, 554
and Morkrum, associate patents, 760
(American Bell) annual reports, 32, 37, 40,

213,230
(American Bell) capitalization, 34
(American Bell) purchase of WECo, 1881,

32
(American Bell) staff and organization, 37,

38,41
(National Bell) capital needs, 30
(National Bell) in 1879, Forbes President

of,30
annual reports 1908, '13, '18, '20, '35, '46,

'47,420
BTL and, 52
center of Bell System, 1899, 34
cross licensing, 382
D&R Dept. into BTL, 1934, 52
Long Lines Dept., 35
precursor, National Bell, 30
universal service, 616
WBAY broadcast station, 429

Attenuation
and early set design, 61
Blakesley, theory of frequency sensitive,

1885,890
decibel, neper, TU, mile, 62, 307
measurement objective tests, 309
on early long-distance circuits, 323
of transatlantic cable, 813
units, International Advisory Committee

on Telephony, 307
Atwater-Kent program, 1925, 436
AUdigram, audiometer, audiphone, 846, 936
Audio equipment design, 448, 826, 945
Audion

and space charge, 969
Arnold, 260'
de Forest, 258

Augusta, Georgia, 1897 Strowger office, 561
Austin-Cohen formula, 359
Automatic

12 percent in 1925, 544
call distribution, 582, 603, 605
central office, 553
first exchange, 1885, 346

Automatic battery charging, 701, 707
Automatic Electric

company founded, 545
harmonic ringing, 570
patent agreement, 554
Strowger system, 547, 553
SxS, with Bell common control, 610

Automatic PBX
Queens System, 1904, 682
series 700, 740, 750, 684, 689, 690

Automatic switching, 578. See also Panel;
Rotary; SxS

Carty, 1917 recommendations, 551, 578, 582
direct dial control, SxS system of, 578, 582
economics of manual versus, 548, 573, 610

growth,613
large city problems, 551, 576
panel,580
power needs, 699
Strowger, first practical, 545
terminology, 544
Village System, 1884, 546

Automation and labor force, 550

Bacon, 1605, and Rees, 1809, codes, 718
Baird Company coin box, 152, 153
Balanced armature, 118
Balancing lines, 204, 238, 326, 902
Bandwidth

concept, 898
radio limitations, 360
sidebands, 280
transcontinental line, 1915-1920, 262

Banning, W. P., 429
Barrett, John A., transposition, 205, 331

lead extrusion, cable sheaths, 215
Barton, E. M., frame, 490, 496, 530
Basilar membrane, 942, 947
Bassett, G. 0., 959
Battery

common battery, central office, 81
customer's premises, 79, 109, 694
floating charge, central office, 701
for talking circuits, 696, 702

Battery chargers, 700, 701, 707
Baudot, Emile, telegraph code, 725, 756
Becker, J. A., 1924, 992
Bel dB Tu neper mile, table, 307
Bell, A. G.

and AlEE, 886
and Clarence Blake, 939
early demonstrations, 17,424
electrician of 1877 company, 26
first idea of phone, 5
first words on phone, U
Grand System, 60
in England, 1877, 21
left telephony by 1881, 28
liquid transmitter, 65
marriage, 21
patent for telephone, 1876, 9, 10
photophone, 362
speech-shaped current, 8, 59
telegraph work, 7, 66, 732
twisted wire patent, 204, 212
visible speech, 2, 927
work on dissected ear, 4

Bell. See also AT&TCo; Bell, A. G.; Bell System;
BTL

patent association, 1875, 26
patents and Western Union, 1877, 31, 733

Bell System .
and AT&TCo, 1908,35
and TeletypeC Corp., 1929, 760
AT&TCo, center of, 1899, 34
broadcast equipment, 428,437
broadcast problems, 432
cities in, 1904-14, 550
growth, 347, 551



Index

non-voice wires, 743
patent monopoly, 1876-1894, 17
power industry and, 336
private telegraph, 1890-1927, 734, 743, 744
size, 1900, 230
standards, 638
studios, New York City, 428, 430
WECo joins, 32
Western Union merger, 742

Bell Telephone Laboratories. See BTL
Bentley, Henry, telegraph exchange, 729
Berliner inventions, 1878, 70, 71, 93, 105
Betulander, crossbar switch, 1919, 609
Bijl, H. J. van der. See van der Bijl
Black and Rosebrugh, capacitors, 1879, 832
Black, H. S., negative feedback, 908
Blake, Dr. Clarence J., 939
Blake's transmitter, 1888, 74, 75
Blauvelt, W. G., and lettered dial, 126, 578, 579
Blavier, telegraph, 1867, 728
Blood, G. T., traffic, 539, 896
Boiling out cable, 220
Booth and door, public, 163, 164, 166
Boston

first telephone calls, 1876, 15
laboratory discontinued, 1907, 44, 897
lines and cables installed, 33, 251
telephone network, 1877, E. T. Holmes, 476

Boucherot, reactances, 887
Bowles, E. L., 897
Bown, Ralph, 1919, 251, 462, 917
Box telephone, 1876, 13, 20, 21, 88
Bozorth, R. M., 1923, 993
Branly, E., coherer, 351
Brantford, Ontario, and early telephone,S, 14
Brattain, W. H., 1929, 1001
Braun, F., 930
Braun, K. F., 320
Bridgeport, Connecticut, 1878, 155, 163, 477
Britain

Post Office, 608
SxS and Bell common control, 608
telegraph exchanges, early, 725

Brittain, J. E., 244
Broadcast

circuits, 1930 size of, 299
equipment, 428, 431, 437
station 2XB at West St., 1920, 437
wire, 1913, 293, 425

Broadcast signal. strength, 449, 461, 462
Broadcasting

and patents, 432
AT&TCo WBAY, 1922, 429
toll, rates, 429

Brooks, David, 1880, cable, 212
Brown, R. G., handset of 1878, 139, 141
Bruce Array antenna, 412
Bruce, E., 412

invents rhombic antenna, 1930, 412
BTL

1934 AT&TCo D&R with, 52
AT&TCo and WECo, 52
headquarters 463 West St., New York City,

1923,53,56
Inspection Engineering Dept., 869, 870

1047

Buckley, Oliver E., 1914, BTL president 1940,
972

Building out network, 265
Bullard, A. M., and coin return, 160
Bunnell Company, 156
Burglar alarm service and first phones, 20,

476
Bums, R. M., 1922,.988
Burrows, C. R., 914

Cable, 209, 229, 802, 814. See also Line
balancing, 272, 326
conduit, 223, 224
'electrical characteristics, 215
insulation, 209, 220, 725, 987
laying, 220, 223
loading, 230, 241, 249, 979
quadded, 229, 238, 239
sheath, 215, 959, 960
splicing, 220
transatlantic, 725
underground, 213, 223, 249
underwater, 229, 725, 812

Cady, Walter, quartz oscillators, 318
Calahan, E. A., Gold-Stock Co., 728
Calculagraph, 625, 626
Call

announcer, 577
distribution, 582
indicator, 577, 601, 604
procedure, manual to machine, 576, 603

Call-bell, Watson, 116, 118, 119
Call order wire, 493, 730
Calling, manual to machine, 576
Campbell, G. A., 1897,

antenna arrays, 912
arc as amplifier, 894
articulation tests, 309
AST circuit, 107
bridge, 915, 916
cable loading, 243
filter theory, 180, 279, 904

Capacitor
chronology 1905-25, 835
electrolytic, 836
high voltage, 838
impregnation, 834
mica, 836
paper, 833
use in telegraph, 1878, 832

Capacitor microphone, 180, 181
frequency response, 180
telephone transmitter, 1877, 179

Capital needs, 30, 34
Carbon

lamp filament, 526
lightning arrestor, 340
resistor, 839

Carbon transmitter
amplification, 253
battery supply, 79
coal for, 75, 987
Edison's, 68, 69
for broadcasting, 186, 439, 441



1048

granule count, 73
numbers produced, 82
packing, 66, 75, 76, 254, 351
repeater, 254
solid-back, 76, 78
water-cooled, 186

Carrier
crosstalk, 324, 326, 329
equivalent 4-wire, 286
first system, 282
generators, 278, 773, 836
multiplexing, 277
program network problems, 296
shipboard, 370
signaling, 290
single sideband, 281, 385, 899
Stone's work, 892
telegraph, 290, 768, 776
test sets, 316
theory, 279, 280
Type A, 282, 284
Type B, 286, 287, 772
Type C, 286, 287
Type D, 288
Type E, 288
Type G, 288
Type H, 288
Type I, 334
Type K, 327
Type N, 286, 329

Carson, J. R., 1914, 899, 908
suppressed carrier, 281

Carty, J. J.
At AT&TCo, 47, 897
automatic switching, 551, 582
boy operator, 44
bridging ringer, 120
BTL, 52
click test for busy, 495
handsets, 144
inspection engineering, 852
metallic 2-wire circuit, 204
phantom circuit, 238, 817, 818
signaling system, 1880, 124
transposition theory, 205

Catalina radio telephone, 387
Cathode

equipotential, heater, 849
materials, 968, 970
oxide coat, 364

Cathode ray tube (CRT), 320
amplifier, 257

Cavity, oral, 947
CCITT,308
Cell, dry, 112
Centennial Exposition, 1876, 13
Centers, regional, 650, 651, 652
Central America radio telephony, 424
Central office. See also Exchange; Manual

automatic, 553. See also Panel; SxS
automatic call distribution, 603
design, 542
inspection, 859
maintenance, 509, 613
MDF and cabling, 228, 530, 532, 533

Index

message meters, 170
names, 577
operators, 693
power supply, 694, 699, 705
size, economics, 610
small, 546, 580, 706
tandem, 470, 603
trunking, 470

Ceramic dielectric, 838
Chandler, Captain, U.S. Navy, 370
Channel. See also Carrier; Common

information theory, 909
radio, 416

Chapman, A. G., 331
Charge or cost

message rate, 169
toll, 627, 629
transatlantic call, 401

Charger. See Battery chargers
Chart, design

delay and phase shift, 907
quality control, 877, 879
thermionic emission, 974, 975

Chart, organization
American Bell, 1895, 41
AT&TCo and WECo, 48, 50
Traffic Studies Dept., 896
WECo Inspection Dept., 1920,863, 864

Cheever, Joseph, 1879, 30
Chemists at West St., 1907, 959
Chesapeake Bay crossing, 230
Chicago

broadcast control center, 299, 300
Edison exchange, 490
home coin box, 171
loaded lines, 249
switching center, 653, 654
telegraph carrier, 772

Childs, W. A., 1874, 484, 729
Childs' equation. 969
Chlorinated benzenes, 986
Choke coil, 829
Chromium permalloy, 805, 981
Chronology

capacitor, 835
carbon transmitter, 81, 84, 85
switchboards, 495, 499

Cincinnati, 171
Cioffi, P. P., 1917, 992
Cipher machine, 755
Circuit

2-wire or metallic, 204, 326
4-wire,266
design chart, 907
group size, 638
Johnson noise, 910
phantom, 236

Cities, switching needs
large, 551, 573, 576, 599
large, telephone growth, 551
panel system, 580, 599
small, 573, 583, 642

Clark, VF signaling 1921, 635
Clay cable duct, 225, 227
Cleaning switches, 612



Index

Clearing faults in panel, 596
Clearing-out drops, 483
Clement switching system, 554
Cleveland, telephotography, 786
Click test for busy, 495
Clifford, E. P., 1925, 53
Oock, quartz, 319, 991
CLR toll operating, 623, 659
Coal. See Carbon
Coated filament, 843, 970
Coaxial line, 414
Coder. See Vocoder
Codes, Bacon, 1605, and Rees, 1809, 718
Coding machine, 755
Coherer detector, 76, 351
Coil. See also Inductor; Repeater; Transformers

construction, 108
cores, permalloy, 830
cores, powder, 806
cores, wire, 806, 817, 978
loading, 243, 806
repeating, 105, 499, 817
retardation, 500, 829
terminology, 817, 829

Coin box
coin return, 160
early types, 160
first public, 156, 157
fraud,162
Gray, 159
home, 156, 171
prepayment, 155
resonant connection, 159
signaling, 159, 162
slugs, 171
WECo production, 162

Coin return or collection, 160
Color television, 923
Colpitts, E. H., 1907, 44, 895

and broadcasting, 424
line capacitance, 205
oscillator, 364
radio economics, 381

Combined line and recording. See CLR
Common battery

and local, 79, 132, 489
crosstalk, 499
early switchboard, 498
power plant, 697, 698

Common channel signaling, 637
Common control

and trunking, 578
applied to SxS, 610
concept, 572
cost and complexity, 579
defined, 572
PBX, 682

Communication theory, 885, 900
Commutator, start-stop, 639
Compandor, 419
Compensating splice, 327
Compensator, ground potential, 709, 737
Completing jack, 494
Components, manual switching, 509
Composite circuits, 240, 632

1049

Concentrator, traffic, 505, 618
Condenser. See Capacitor
Conduit, cable, 223
Connecticut, 155, 477
Connecting or drop wire, 227
Connecting trunks, 471
Connector

panel, solderIess, 588
SXS, 561

Connolly, T. A., 544
Conrad, Frank, 426, 437
Console, desktop PBX, 676, 677
Constant k or resistance circuit, 904
Construction, capital needs, 34
Consumer and producer risks, 880
Contact cleaning, 612
Contacts, TRS, plug, 513, 514
Continuous loading, 244, 8U, 979
Continuous wave (CW). See Radio
Contract between companies, 851, 857
Control. See Common; Quality
Cook,]. A., 1888, 496
Coordinate

Keith's array, 566, 567
Reynolds' switch, 1913, 609
switching system, 1921-5, 575

Copper wire problems, 202
Cord, circuit, universal, 667
Cordless

B-board, 603, 605
PBX, 1907, No. 505, 674, 677

Core
design, 1913, 822, 821
economics, 978
iron wire, 817
loading coils, 247, 249
materials, 811

Cortlandt office, New York City, 601
Cory and distortion, 1928, 778
Cost

studies, 342
transcontinental call, 1915, 342

Cost-saving substitute, 264
Cotton insulation, 209
Courses, out-of-hours, 825
Coy, George W.

first exchange, 20, 477
ringer, 116

Craft, E. B., BTL Vice-President, 1925, 53
broadcasting, 424
early radio tests, 373,
mica capacitors, 836
quality assurance, 860
relay manufacture, 521, 524
telephotography, 790

Craftsmen sets, 175, 293
Crandall, hving B., 1913, 928

capacitor microphone, 181
speech studies, 935
speech work with Sacia, 948
thermophone, 930

Creed TTY, 725
Crookes, William, 350
Cross TTY for short lines, 745
Cross-licensing patents, 382
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Crossbar
selector, 609
switch,576
Western Union Peg Switch, 487

Crossfire interference, 737
Crosstalk

and transposing, 204
capacitive, 326
common-battery systems, 499
defined, 324
near or far end, 328
wire pairs, 734

Crystal diode, 356
Crystal frequency control

broadcasting, 441
Nicolson, 318
quartz clock, 990

Crystal growth, 991
Crystal structure, 982
Current. See Battery; Lightning; Power supply
Currier, J. B., 1881, 121
Curtis, A. M., 366
Cushman, R. A., 405
Customer

acceptance of dialing, 577, 583, 610
establishing a call, 502, 535, 552
premises, battery, 79
premises, message meters, 170

Cut out relays for echo suppression, 1924, 275,
276

Cutoff frequency, loaded line, 245, 246
CWo See radio

D&R Bulletins, 638
Darlington, England, office, 608
Darrow, Karl K., 986
Data analysis, 878
David, T. B. A., 729
Davis, Joseph P., 40
Davisson, C J., 1917, 973

and Germer, 997, 998
Nobel Prize, 1937, 1000

Dayton, Ohio
early PBX, 661
SxS system, 563

dB. See Decibel
Dead collar in plug, 514, 515
Deaf

A. G. Bell, teaching, 2
voice display, 958

Deal, N. J., 385
de Broglie, L., 995
Decibel

and TU attenuation units, 307
definition of, 62
measure of attenuation, 62

Decimal numbering
graded multiple, 569
Molina translator, 924

Decino, A., 914
Decoders and translators, 594
Deep sea. See Submarine
de Forest, 260, 356. See also Audion oscillator,

364
Delaney button cable, 214

Delay
design charts, 907
distortion, 829
distortion, program material, 300

Democratic Convention, 1924, telephotography,
786

Denmark, continuous loading, 244
Denmark, traffic theory, 923
Denver, long line, 249
Desk sets, 133
Desk-top PBX, 676, 677
Deskstand set, 127
Detector, radio

audion, 356
coherer, 351
diode, 355
magnetic, 355
spark, 350

Detroit, broadcasting, 437
Dial

-9, 684, 693
customer attitude, 553, 576, 577, 583
design, 559
direct control, 554
invention, 559
lettered, 578, 579
number and name, 577
PBX, 685
space saver, 123
through dialing, 679
tone, 571, 703

Dial pulses
repeating line, 687
signaling, 638
timing, 560
translation, 574

Dial tone, 571, 703
Diaphragm, transmitter, 79, 80

corrugated, 189
Dielectrics, 832, 986
Digit dialing, 583
Digital transmission, 779, 958
Diode detector, 355
Direct control of selectors, 275
Direct-current power, 699
Directional antenna, 399, 412
Directionally selective signaling, 635
Director switching system, 608
Directory, first published, 477, 478
Directory, operators, 620
Discharge, gas, amplifier, 258
Disclosure, anti-patent, 107
Discrete loading, 243
Discrimination, pitch, 939
Display

call indicator, 577
large screen, 793
of voice to deaf, 958

Distortion
and digital error, 750
delay, transformers, 829
in telephone sets, 178
load,945
telegraphy, 779

Distortionless standards, 308
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Distributed loading, 243
Distributing frame, 496, 530
Distributor signaling, 639
District

selector in panel, 585
telegraph service, 574
Telephone Company, 20, 29, 155

Dividend, first, American Bell, 32
Dixon, A. F., 1925, 53
Doctors and livery stables, 477
Dodge, H. F., sampling, 880
Doherty, W. H., 405, 448
Dolbear, A. E., 66, 179
Doolittle, Thomas B.

Bridgeport, 1878, 163, 477
copper wire, 203

Dorsett conduit, 223
Dowd, Peter A., 31
Drop wire, '227
Drop, annunciator, 124, 483, 491, 516

clearing-out, 483
latchless, 518
self-restoring, 519
terminology, 516

Dry cells, 112
Dry-core cable, 216, 229
Drying, vacpum, 8'22
DuBois, C. G., 52
Duct, cable, 223
Dudley, H. W., 1921, 954
Dumont, F. M. A., 475, 727
Dunn, H. K., 1925, 953
Duplex telegraph, 723, 751
Durant, George F., 731
Dust cores, 247

Ear
A. G. Bell experiments, 4
anatomy, 939, 940
masking, 941
sensitivity, 936

Echo re-ringing, 635
Echo suppressors, 273
Economics

manual and machine switching, 549, 573, 684
panel, SxS, 610
radio, 1919, 381

Eddy current loss, 810
Eddy, H. G., 863
Edison exchange, Chicago, 490
Edison, Thomas A.

condenser microphone, 179
induction coil, 105
lampblack transmitter, 68, 69
mechanical repeater, 254
telegraphy, 724

Edmunds' coin box, 156
Education and training

Harvard lectures, 826
teaching the deaf, 2, 958
telephone operators, 535, 671
telephone subscribers, 534
WECo out-of-hours, 1919, 825
West Street colloquia, 985

Edwards, G. D., 868

Egerton, Henry, 187
Eiffel Tower, 367
Elapsed time recording, 625
Eldred, H. H., 483
Electroacoustic

systems, 180, 924
transducers, 178

Electrolytic capacitors, 836
Electromagnetic

receiver, 86
transmitter, 189

Electromechanical analog, 925, 934
Electron emission, 971, 997
Electron tube. See Tube
Electronic amplifier, 257
Elements, isotopes, 964
EImen, G. W., 1906, 979, 981

magnetic materials, 801, 980, 983
Elsinore, Denmark, 244
Emis~on,electron,968

Enciphering. See Ciphering
Energy, speech, 943, 944, 951
Engineering Dept.

AT&TCo, 42, 43,
Inspection, 862, 864
WECo, 42, 50

England, WECo business, 607
Englund, C. R., 1914, 915

field strength, 455
sideband analysis, 280

Entertainment business, 437
Equalization

Campbell's theory, 272
lines, 902
operator load, 531
repeaters, 268
talker level, 419
Zobel's theory, 906

Equipotential cathode, 846
Equivalent

4-wire, 286
circuit,820

Erickson brothers, 545, 560
Erickson, C. J., dial, 559
Erlang, A. K., 541, 923
Error rate

central-office operator, 506, 584
for transmission, 750, 779

Espenschied, L.,
field strength, 462
radio history, 913

Essick page lTV, 725
Europe, WECo business, 581, 607
Exchange. See also Central office

automatic, 544
definition, 471
early telephone, 20, 33, 477
law, 731
multioffice, 502
multiple board, 490
Philadelphia, 729, 731
telegraph, 484, 730
teletypewriter, 784

Exeter Place shop, 1876, 9
Expanded paraffin wax, 212
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Explosion-proof telephone, 175, 177
Export, 140
Exposition, 1876, 13

Face-centered cubic, 984
Fading, radio

and skip, 918
broadcast signals, 450
compandor problem, 419
selective, 408

Fanning holes, 529, 530
Far-end crosstalk. See FEXT
Farnham, I. H., heat coil, 341
Father, A. G. Bell's, 927
Faults in panel, clearing, 597
Federal Radio Commission, 426
Feedback

acoustic, handsets, 147
Arnold, audion, 364
Black, negative, 908
in mechanical repeater, 255

Ferris, R. M., 856
Ferromagnetism. See Magnetic alloys
Fessenden, R., radiotelephony, 354, 357, 362
FEXT, far-end crosstalk, 328
Fidelity

compromise with loudness, 99
high, components, 182, 296
high, transmission, 296, 443

Field, Cyrus, 725
Field strength, radio

contours, 450
measurements, 462, 915
mobile equipment, 457, 458

Field trials of panel, 581
Filament materials

lamps, 526
thermionic tubes, 841, 974

Filter design
adjustable inductor, 831
Campbell, 279, 904
ladder, 766
Norton, 908
Zobel,904

Finder. See Line finder
Fingerwheel. See Dial
Fire control, naval, 377
Firman, Leroy

multiple SWitchboard, 490
recall signal, 483

First
automatic Bell office, 1921, 585
automatic exchange, 1885, 546
broadcast, 1907, 425
broadcast program, 1919, 426
carrier system, 1918, 282
commercial telephone use, 1877, 20
directory, 1878, 477, 478
dividend, American Bell, 32
electronic repeater, 1913, 842
exchange, 1878, 477
intelligible speech by telephone, 1876, 12
PBX, 1879, 661
permalloy, 1915, 802
radiotelephone service, 1920, 387 .

switchboard, 1878, 172
telephone, 1875, 8, 9
telephone booth, 1878, 163
transatlantic cable, 725

Five-bit TrY code, 725
Flame, sensitive, 2
Flat-top antenna, 455
Flat-woven cable, 581
Fleming's tube, 258, 355
Fletcher, H., 1916, 935

and Acoustical Society of America, 956
hearing studies, 939

Floating battery charge, 701
Flutter interference, 806
Forbes, W. H., and American Bell, 30
Ford, W. S., and MDF, 530
Foreign business, 33, 607
Forest. See de Forest
Formant, 954
Forsberg, multicoin box, 161
Foster, R. M., 912
Four-party ringing, 570
Four-wire circuit, 266
Fourier analysis, 765, 900
Fowler, Dr. E. P., 943
Frame, distributing, 496, 529
France, WECo business, 608
Fraud, 162
French telephone, 140
Frequency

control, 318, 430, 448
for ringing, 120, 121, 703
for signaling, 240, 632

Frequency allocation, 383
Hoover commission, 384

Frequency division, 240. See also Carrier
Frequency range

broadcast equipment, 441, 442
capacitor microphone, 181
noise, 335
open wire lines, 207
telephone, 71, 72

Frequency space. See also Bandwidth
Friis, H. T., 1919, 917·

field strength, 455
radio propagation, 918

Froment's telegraph sender, 545
Fry, T. c., 1916, 537, 924
Full-period circuit, 468
Fuller battery, llO, 112
Fulton, VV. S., 836
Furnace permeameter, 815
Fuse, 340

Gain control, 272
Gallows telephone, 9
Gannett, D. K., 635
Gap. See Lightning
Gas focusing, 322
Gas in thermionic tube, 972
Gauge, vacuum, 972
Generator

as amplifier, 893
battery charger, 700, 701
carrier frequencies, 773
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for calling, 119
for ringing tone, 705
spark, for radio, 356
standby, 697

Genner, L. H., 1917, 976
electron reflection, 997, 998

Gherardi, Bancroft
and Bn, 52
and inspection, 861
and interference, 336
automatic switching, 683
common signaling, 637

Ghost circuit, 239
Gifford, George, 31
Gifford, W. S., 52
Gilliland, E. T.

automatic switching, 546
operator set, 172
peg switch, 487
receiver case, 93

Glass cable insulator, 202, 214
Glass capacitor, 838
·Glenn, H. H., 992
Globe Newspaper Co., 735
Gold and Stock Telegraph Co.

patent suit, 31
switchboard, 484, 486, 728
telephone system, 484

Government, U.S.
AT&TCo and Western Union separation, 36
frequency allocation, 383

Grace, S. P., 1925, 53
Graded multiple scheme, 569
Grand System, A. G. Bell, 60
Grand Rapids, 563
Gray, E. A., graded multiple, 569
Gray, Elisha

at Centennial Exposition, 13
TIY,725

Gray, Frank, 1919, 923
color television, 923

Gray, William, coin box, 156, 159
Grecian Key antenna, 412
Green Harbor, Mass., 385
Grid for electron tube

bias, 260, 364, 382, 705
Buckley manometer, 972
de Forest invention, 258
leak,372

Ground potential, 709, 737
Ground return operation, 16, 204, 487, 560, 633,

733,743
Gutta percha, 832, 959, 987

Half-section filter, 905
Hall, E. J., 852
Handicapped

artificial larynx, 954, 955
hearing aid, 257, 846

Handset design, 144, 145
acoustical problems, 146
ASf,l44
Bell types, 1890-1902, 140,141
French type, 140

Harmonic ringing, 121
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Harmonic telegraph, 732
Hannonic Telegraph Co., 31
Harris, James E., 1917, 974
Harris, J. W., 1907, 959
Harrisburg, Pennsylvania, 282, 772
Harrison, H. c., 925, 934
Hartford, Conn., 156, 477
Hartley, R. V. L.

infonnation theory, 909
oscillator, 364

Harvard University, 826
Havana, Cuba, 230, 244
Hawaii,366
Hawthorne Works, 808, 854, 859
Hayes, H. V., 1885, 883

and automatic switching, 547
AT&TCo, Chief Engineer, 42
crosstalk, 499
heat coil, 341
protection, 338
radiotelephony, 362
retirement, 897
solid-back transmitter, 83

Hazard from lightning, 325
Headband, 93, 172
Hearing

basilar membrane, 942, 947
Fletcher review, 939
least detectable difference, 928
masking, 941

Hearing aid, 846
Heat coil, 338, 342
Heat treatment, magnetic alloys, 811, 979, 980
Heater for tube, 849
Heaviside

loading, 244
operational theory, 899

Heising, R. A., 1914, 912
modulator, 439
vacuum tube voltmeter, 319, 320

Heirnholtz, 1862 book, 927
Hennan, L., 778
Hertz, H.

and telegraphy, 350
radio experiments, 349

Heusler alioys, 984
Hewitt, P. c., discharges, 258
HF radio telephony, 408, 422
Hibbard, A. S., MDF, 530
Hierarchical network, 471
High frequency. See HF
High voltage

capacitor, 838
line carrier, 288, 289
ringing, 120

History
radio, 349
SxS and panel, 614
telegraph switching, 727
telegraphy, 719

Hoboken, N. J., 684
Holbrook, C. W., coin box, 158
Holding time, 541
Holmes, E. T., 476

burglar alarm business, 20
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switchboard, 476
switchhook, 114
telephone service, 1877, 476

Home coin box, 171
Hoover, H. (future President), 384
Hopkinson, reactors, 886
Hom loudspeaker, 186
Hotel PBX, 672
Houlton, Maine, low-noise site, 399, 400
House, R. T., 724
Houskeeper seal, 397, 849
Hoyt, R. S., 1912, 902
Hubbard, G. G., 476

in Congress, 29
with A. G. Bell, 9

Hubbard, Mabel, 21
Hudson Motor Co., 783
Hughes, D. E.

magnet, 16
microphone, 66, 67
TTY,724

Human factors, 61, 146
dialing, 577, 610
telephone sets, 146

Humaston, J. P., 724
Hunning, H., 73
Hunt, 1. E., 914
Hunting in switches, 561
Hutin, carrier telephone, 277
Hybrid transformer, 106, 265, 387, 819
Hyperbolic functions, 901
Hysteresis, 982, 984

IDF,530
Ignition noise, 378, 408
Image impedance, 904
Impedance

concept, 900
matching, 820
matching in ear bones, 939
terminology, 904

Impregnants,834
Inauguration

Coolidge, 1925, 790
Taft, 1909, 251

In-band signaling, 638
Incandescent lamps

filament, 526
replace drop, 499

Indicator. See Call; Volume
Induction coil. See Inductor
Inductive loading. See Loading
Inductor. See also Coil

adjustable, 831
design, 800
powder core, 830

Industrial research, 971
Information desk, 508, 510, 570
Information theory, 909
Input transformer, 821
Inspection engineering, 861, 869. See also Quality

control
BTL, 869, 870, 872
WECo, 854,864,866

Instability
acoustic, handsets, 147
magnetic materials, 806

Instantaneous power, acoustic, 944, 945
Insulation

basic research, 987
cotton, cable, 209, 216
gutta percha, 725
paper, 216
powder particles, 806

Insulators, line, 200, 202, 208, 248
Intelligibility

of speech, 943, 952. See also Privacy
of speech, Campbell, 902
repetition count test, 309

Intelligible crosstalk, 324
Intercept desk, 509, 511
Intercom

aircraft, 372, 373, 375
handset, 140
PBX/688

Interference. See also Crosstalk
electric power, 325
flutter, 806
ignition, 378
industry committee, 336
radio, static, 324, 920
telegraph, crossfire, 632, 720, 727, 767

Intermediate distributing frame. See IDF
Intermodulation distortion, 405
International action

frequency allocation, 384
units, 307

International Consulting Committee on Teleph­
ony. See CCITT

International Telephone and Telegrapp Company.
See ITT

Interoffice calls, 587
Interrupter, ringing, 694, 704
Intertoll signaling, 627, 647
Intertoll trunks, 616
Inward ticket, 621
Ion emission, 973
Ionization gauge, 972
Ionosphere, 913
Iron

alloys, 802, 981
box telephone, 12
cable loading, 812
powder cores, 244, 806
wire cores, 817, 978
wire lines, 201

Isotopes, 964
Iterative impedance, 904
ITT,33
Ives, H. E., 1920, 790, 922

Jack field, multiple, 493
Jack. See also Plug

compact, 495 .
WECo production, 515

Jackknife switch, 491, 492, 513, 514
Jacob, F., phantom circuit, 236, 237
Jansky, K. G., 361, 921



Jersey City, 697
Jewett, F. B., 1904, 895

and amplifier, 257, 967
President, BlL, 52

Johnson, J. B., 910
CRT,322

Johnson, K. S., 100, 908
and AST, 826

Johnson noise, 361, 910, 911
Johnston, John, of Yale, 986
Joint Committee, 336
Jones, R. 1., quality control, 861, 877
Jones Lock Switch, 728
Jones, W. c., carbon transmitter, 186
Joyce, M. J., 731
Just detectable difference, 938

KOKA, radio station, 426
Keith, A. E., 545, 566

dial,559
Kelly, M. J., 1928, 973

1010 tube, 842
president, BlL, 974

Kelsall permeameter, 815
Kelvin

at 1876 Exposition, 13
EM theory, 885
KR law, 241
telegraph receiver, 726

Kemp, 987
Kennelly, A. E.

impedance, 900
ionosphere, 913

Key
PBX, 667, 674, 677
set, 168, 603
shelf,495
switch,515

Key West, 230, 244, 812
Keyboard, TTY, 747
Kilpatrick, J. 1., 860
Kingsbury, J. E., 479, 534
Kingsbury, N. c., 47, 833
Klei\lschmidt, 758
Knife-edge relay, 520, 521
Knudsen manometer, 972
Koenig manometric capsule, 2, 927
Kohman, G. T., 1923, 986
Kraft paper, 833
Krarup, C. E., loading, 244
Krum, H. and C. 1., 759
Kunsman, electron emission, 997

Laboratories. See BlL
Laboratory, Boston, 44, 897.
Laboratory, industrial, 884
Ladd, 1863, 65
Ladder filter, 766
Laminated core, 109
Lampblack speech record, 2
Lampblack transmitter, 69
Lamps

filaments, 526
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replace drop, 499
switchboard, 523

Lane, C. E., 1921, 941
Langmuir, 969
La Porte, Indiana, 124
Laryngo-periskop, 953
Larynx, artificial, 954, 955
Latch, drop, 518
Lattice network, 907
Law company, 474, 484, 729
Lawrenceville, N.J., 410
Laving cable, 220, 233
Lead

antimony, 215
battery, 497
cable sheath, 215, 229
tin,833

Leasing system, 28
Least detectable difference, 928, 938
Leblanc, 277
LeClanche, cell, 110, III
Lectures by Bell, 17
Leicester, Mass., 546
Lenford, E. A., 530
Lettered dial, 478, 584
Level control, talker, 419. See also VU
Lewiston, Maine, 238
Lewiston, Mass., 499, 817
Leyden jar, 838
LF

radio, 359, 394, 405, 408, 522
ringing, 631, 703

Licensing
patents, 31, 212, 382
radio stations, 426
system in telephone company, 28

Lieben tube, 258, 364
Life time

batteries, 112
capacitors, 836
tubes, 841

Light beam transmission, 362, 896
Lighthipe, J. A., 121
Lightning

arrestor, 460A
gas tube, 340
hazard,325
protection, 126,248,337,339,340

Lincomplex, 420
Line. See also Cable; Loading; Party; Private

balance and crosstalk, 265, 326
coaxial, 414
echo, 272
electrical characteristics, 245, 305
subscriber. See loop
2-wire. See Metallic
wire. See Open wire

Line finder, 565, 571, 593, 687
Line switch, 565, 571, 686
Linear amplifier, 448
Lineman's set, 140, 141, 173, 176
Liquid transmitter, 11, 65
Listening tests, 303
Livery stables, 477
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Llewellyn, F. B., 911
Loaded cable

Boston, 1900, 243
long lines, 251
submarine. See Continuous

Loaded open lines, 244, 248
Loading coils

and phantom circuits, 247, 250
dc effects, 806
economics, 249, 978
evolution 1901-16, 247, 249
iron core, 806, 959
powder core, 247, 249, 806
production, 805
Pupin patent, 244
spacing, 244
volume, 809, 811

Loading, continuous, 244, 812, 979
LoC~ battery, 81, 109, 489, 497

Fuller cell, 110
LeClanche cell, 112
vs. common, mr~ lines, 132

Lock switch, 728
Lockwood, T. D., 479
met~ic vs. ground return circuits, 204
radiotelephone, 363
repeaters, 254
telegraph switching, 727
telephotography, 784

Lodge, O. J., 351
Log conduit, 225, 226
Logarithmic response. See Decibel
London conference, 383
Long distance circuits

4-wire, 266
attenuation, 233, 323, 897
capit~ needs, 34
duplex TrY, 751
echo, 272
Long Lines Dept., 35
radio, 422
sign~ing, 631, 636
telegraph multiplex, 631
toll operation, 619, 659
transmitter, 73
Type J carrier, 334

Long, G. A., coin box, 157
Long Lines Dept., 35
Loop antenna, 455
Loop, subscriber, 81, 228, 343, 470

and trunk, 343, 470
Lorimer, 547
Los Angeles, 599
Loss, core, 809, 820
Loss, transmission, 309
Loudness

and fidelity, 99, 305, 322
and sound pressure, 946
tests, 303

Loudspeaker
cone, 187
moving coil, 187, 189
telephone, 187,188,293,425

Louisville, Kentucky, 448, 499
Low frequency. See LF

Index

Low noise antenna, 399
Lowenstein, F.

amplifier, 260
grid bias, 364, 382

Lowry, H. H., 1920, 987
Lucas, F. F., 1910, 962
Lumped circuit, 820
Lundquist, with Strowger, 1894,545
Lyng, J. J., 1925, 53
Lyon, E. H., 1890, 38, 39

m-derived filter, 904, 905
M-type generator, 700, 701
Macdon~d conduit, 225
Machine switching. See Automatic switching
Machine, cipher, 754
Machine, speech, 948, 954, 955
Machine-manu~ interface, 576, 601
Magnetic ~loys, 805, 814, 979, 993
Magnetic printer, cross, 745
Magnetic storms, 408, 410, 422
Magnetized receiver case, 93
Magneto ringer

drive, 631, 696
Watson's, 119,491

Magneto telephone, 17, 72, 103
Magnetostriction, 993
Magnetostrictive receiver, 65,83
Magnets, receiver, 16, 88, 93
Mail service

and telegraph, 721
Theodore Vail, 29

Main distributing frame. See MDF
Maine, low noise site, 399
Maintenance

.batteries, 706
centr~ office, 613
common control, 579
desk in centr~ office, 509
lightning arrestors, 340
operator, manu~ offices, 596
panel,596

Mansbridge met~lizedpaper, 835
Manometer, 972
Manometric capsule, 2, 3, 927
Manu~ switching

board capacity vs. plug size, 493, 515
board size problem, 493
busy test, 494
chronology, 1878-97, 495, 498
CLR operation, 642
components, 509
conferences, 534
Cortlandt, N. Y., 1888, 496, 497
early boards, 498
early complexity, 481, 502
Edison exchange, Chicago, 490
Law system, 1882, 484, 485
multiple board, 489, 502
operator action, 494, 495, 502
PBX, 676
supplementary services, 508
tandem boards, 505
target board, 490
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telegraph, 728
through board, 641
timing calls, 621
toll board, 641

Manual vs. automatic switching
interface, 552, 571, 576, 578, 599
maintenance, 596
performance, 549, 564, 570
semiautomatic, 552, 582
system size, 549, 573, 582, 609
transition systems, 552, 578

Manufacture
and inspection, 969
battery chargers, 702
booths, 166
broadcast systems, 441
capacitors, 832
carbon transmitter, 81, 82
coin box, 161
copper wire, 202
in small shops, 1870-80, 482
iron powder, 807
loading coils, 252, 805
permalloy, 805, 812
receivers, 98
relays, 520
resistors, 839
rotary switching system, 581, 607
solid-back transmitter, 79
Strowger equipment, 554
SxS and panel, 612
transatlantic cable, 1930s, 814
transformers, 822
nY, 760
vacuum tubes, 378
Watson's responsibility, 27

Manufacturers
Charles Williams,S
Gray, 161
Morkrum, 760
Turner-Armour, 166

Marconi, transatlantic radio, 353
Marconi Company, 353, 406
Marine telephony, 385. See also Ship
Marker, 576
Marriage, A. G. Bell's, 21
Marriott, R., 260
Marrison, W. A., quartz clock, 319, 991
Martin, D. K., 451
Martin, W. H., 309, 462
Masking, aural, 941
Massachusetts and American Bell, 34
Massachusetts Institute of Technology, See M.1.T.
Master Transmission Reference System, 179, 308
Matching, impedance

carbon transmitter to line, 103
in ear bones, 939
tube to line, 820

Mathematics
and traffic, 536, 896
engineering, 924
information theory, 909

Mathes, R. C., compandor, 419
Mathies, W. H., 609
Mattke, C. F., 124
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Maumee, Ohio, 282
Maxfield, J. P., 1926, 925

electromechanical analog, 934
Maxwell, J. c., 87, 277, 349, 885, 965, 976
McBerty, F. R., 607
McKeehan, L. W., 1921, 982

magnetics, 801
McNair, A., 215
McPherson, H. D., 637
McQuarrie, 608
McTighe, T., 545
MDF,530
Measurements

precision, Cioffi, 992
radio, 454, 915
transmission, 303

Mechanical amplifier, 253, 255, 257
Mechanical Dept., Amer Bell, 37
Mechanical oscillograph, 934
Meissner, 364
Membrane, 16, 79
MeDlory, read-only, 593
Mendeleev table, 963
Merc"ldier, E. J. P., 362
Mercury

arc for battery charger, 707
vapor amplifier, 258, 259, 967

Merger
American Bell into AT&TCo, 34
AT&TCo and Western Union, 36, 742
Los Angeles systems, 599
Morkrum, to Teletype, 760

Meriden, Conn., 479
Mertz, P., television, 908, 923
Message

accounting, 627
Dleters, 170
registers, power for, 203
switching, 471, 741

Messenger service, 474, 720
Messenger strand for cable, 221, 222
Metal

physics, 979, 984, 997
seal to glass, 397
surface, electron study, 997
vacuum problems, 397

Metallic circuits (2-wire)
CODlDlon battery, central office, 570
Cortlandt, N. Y., central office, 496
crosstalk, 326
deDlonstrated, 204
telegraph, 633, 767

Metallized paper capacitor, 835
Metallurgical studies, 958, 974
Meter, message, 170
Meter, VU, 295, 320, 321
Metropolitan areas. See also Cities

first automatic office, 553, 585
numbering plan, 583
semiautomatic central office, 583
tandeDl offices, 584, 603

Metropolitan Telephone and Telegraph Company,
728

Mica capacitor, 836
Microfarad standard, 836
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Microphone. See also Transmitter
capacitor, 179, 180, 181, 439
carbon-pencil, 68
double button, 187
high fidelity, 296
Hughes, 67
terminology, 67
water-cooled, 293, 425

Microscopy, 965
Mile. See Attenuation
Military. See also War

frequency allocation, 383
radiotelephony, 368
ruggedized tube, 845
telephones, 175

Milk Street, Boston, 37
Miller, D. c., Case School, 934
Miller, Kempster, 112, 547
Miller, Inspection engineering, 868
Mills, J., 1925, 53
Minchin, G. M., 351
Mine telephones, 175, 177
Miniature tubes, 845
Mirror galvanometer, 726
M.LT., 1876 demonstration, 13
Mobile measuring equipment 457
Modulation

double, 401
Heising, 372, 439
high level, 363
light beam, 896
low level, 443
pulse code, 922
rectifiers, 279
spark discharge, 895
tube circuits, 261, 364·
van der Bijl, 366

Moisture
cable splicing, 220
capacitors, 835

Molecular gauge, 972
Molina, E. c., 1898,540

blocking, 540
translator and register, 574, 924

Molybdenum permalloy, 804, 830
Monitor, panel, 597, 598
Monopoly, patent, 17
Montauk, N. Y., 365, 368
Montreal, power plant, 696
Moore, C. R., 146
Morgan, S. 0., 1928, 988
Morkrum TTY Co., 759

teletype corp, 760
TTYs, 761, 763

Morristown, N. J., 717
Morse, S. B.

relay, 519
telegraph vs. TTY, 739
telegraphy, 717

Morse board, 739, 740
Morse code, 719,
Morse ticket system, 637
Morton, Joy, 759
Moscicki capacitor, 838
Motor

alternators, 311, 312, 776

Index

driven selectors, 547, 592, 595
rotating standby, 703
synchronous, 625, 701

Mount Pleasant, Ontario, 15
Moving coil speaker, 185, 187
Multicoin box, 161
Multioffice exchanges, 502
Multipath propagation, 451
Multiple switchboard

common battery, 1900, 500, 501
evolution, 1878-1885,495
invention, 489
PBX, 675, 676

Multiple telegraphy, 7
Multiple Unit Steerable Antenna. See MUSA
Multiple wiring, graded, 569
Multiplex. See also carrier

and wave filter, 279
composite circuit, 1892, 240
phantom circuit, 236
shipboard,370
telegraphy, 725, 755, 757
telephony review, 1912, 278

Multistage switching, 560
Murphy, insulating materials, 992
Murphy, VF signaling, 635
Murray, D., 725, 756
MUSA antenna, 424, 918
Music

sound analysis, 953
transmission, 299

Nails, microphonic, 67
Names vs. numbers on dial, 577
National Bell. See AT&TCo
National Broadcasting Company. See NBC
National conventions, 786
National Electric Light Association (NELA), 336
National Telephone Exchange Assoc., 484, 534
Nationwide switching, 650, 651
Naval

radiotelephone, 570
telephones, 175

NBC, 437
Near-end crosstalk (NEXn, 327, 328
Negative feedback, 236, 908
Negative resistance amplifier, 896
NELA,336
Nelson, E. 1., VU, 320
Neper. See Decibel
Netcong, N. J., 410
Network

broadcasting, 299, 430
building-out, 265, 903, 904
hierarchical, switching, 471, 651
lattice, 907
private, TTY, 781
simplex, 735
telegraph, 1851, 475
telephone, design, 469, 542
telephone, growth, 347,482
theory, 180, 272, 826, 907

Neutral current telegraph, 72, 73
New York City. See also West St.

1849 telegraph, Philadelphia, 720



Index

1886 telephone, Philadelphia, 734
1888 private line, Boston, 734
1892 line, Chicago, 206, 249, 255
1897 line, Omaha, 206
1911 line, Denver, 249
1923 carrier, Pittsburgh, 773
1923 radiotelephone, London, 401
1924 telephotography, Cleveland, 786
AT&TCo, 1885, 34
broadcast signal, 449, 461
broadcast stations, 429
BTL headquarters, 53, 56
Cortlandt, central office, 495, 497, 601
early loaded cable, 249
lab move from Boston, 897
Pennsylvania automatic, central office 1922,

553,585
police TrY network, 782
Queens automatic central office, 547
underground cable 1887, 225
WECo move from Chicago, 33

New York incorporation
AT&TCo,34-
BTL,52
WECo, 33

Newark, N. J., 249, 552, 582
Newspapers

Boston Advertiser 1876, 15
Boston Globe, 1877, 17
Globe Company, 735
New Haven Register 1880, 155
The New York World, 664
Toronto Globe, 15
United Press, 780

Nichols, H. W., 1914, 917
radio propagation, 407

Nickel
electron reflection, 1000
filament, 843
magnetic alloys, 804, 979

Nicolson, A. M., 1912, 973
cathodes, 846, 847, 973
crystal control, 318, 990
piezoelectricity, 988

Night rates, 618
Nob~l prize, 1001
Noise. See also Crosstalk; Interference

early switch rooms, 487
generator, 700
ignition, 378, 408
Johnson, 910, 911
power line, 336
radio, site, 399
Schottky, 910

Noisy chan,nel, 909
Non-decimal switching plan, 574
Non-voice communication, 742
Norfolk, Virginia, 370, 554
North Atlantic, 386
North Conway, N. H., 17
North Electric Co., 554, 582
Northern New Hampshire Railroad, 662
Norton, E. 1., 1922, 889, 908
Norway, 406
Number display, 577
Number, telephone, first use, 484
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Numbering plan, 126
and lettered dial, 126
and multistage sxS, 562
customer convenience, 577
first use, 484
problems, 577
translator, 608, 924

Nyack, N. Y., 230
Nyquist, H., 1917, 908

amplifier noise, 911
digital signals, 766
telegraph distortion, 778
VF signaling, 635

O'Connell, J. J., 499, 523
O'Dell, G. F., 923
Oakland, California, 229, 753
Observing desk, 509
Odell, J. B., 52
Office. See Central; Exchange; Tandem
Oil, cable filling, 210
Oil, transformer impregnant, 822
Oklahoma, 293, 425
Omaha, 206, 553
On-line display of voice, 958
One-way trunks, 507, 629
Ontario, 5.5., 385
Open wire lines, 199

carrier telegraph, 768
congestion in cities, 209
copper, 203
echo, 272
electrical characteristics, 205
frequency response, 207
induced voltage, 248, 342
insulators and poles, 199
iron and copper, 201
leakage, 208, 248
loaded,248
long haul, size, 207
New York-Boston, 1880, 33
New York-Philadelphia, 1886, 734
plant status, 1905, 764
sag control, 334
single wire, 16
standardization, 205
transcontinental, 262, 323
transposition, balance, crosstalk, 205, 265, 326,

335
Type A carrier, 282

Operating companies
inspection, 857, 874
supply contract, 857

Operating methods
A-B and CIR, 657
non-callback, 622
PBX, 671
standardization, 534, 621
straightforward, 630
supervision by subscriber, 679
timing calls, 625
toll traffic, 619, 622, 659

Operational equations, 900
Operator, telephone. See also Operating methods

A and B, 503, 580
boys and women, 484
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call circuits. See Signaling
call distribution to, 603
calls to machine office, 576, 595, 603
chief, desk, 509, 511
cost studies, 546
employment, economics, 550, 669, 684, 693
indicator of calls by machine, 577, 595, 601
information, assistance, 509, 510, 600
inward,621
labor force, 550, 582, 613
monitor in panel, 598
outward, 621
procedures, 490, 494, 505, 620
role in maintenance, 549
routing, 603
task of, 485, 4%, 583, 596, 660
telephone set, 94, 172, 173, 174, 486, 491, 603
toll ticketing, 619
training, 535, 671
vs. customer dialing, 552
zero, 600

Operator, Morse, 751, 778
Optics, 922
Oral cavity, 947
Orbital mechanics, 966
Orchestra, Philadelphia, 295
Order wire, 484, 494, 630
Organization chart, 41, 48, SO,
Oscillator

Colpitts and Hartley, 364
crystal control, 318, 990
de Forest, 364
motor-alternator, 311, 312
tube, 261, 312, 364, 776
vibrating reed, 312
Vreeland mercury arc, 311

Oscillograph
cathode ray, 320
mechanical, 934
radio measurements, 462, 918
speech sounds, 950

Oswego, N. Y., 731
Otis Elevator, 781
Otologists, 4, 939, 943
Out-of-hours courses, 825
Outdoor telephone sets, 175, 176
Output tube, 1915, 366, 367
Outside plant review, 1900, 231
Outward calls

restricted, PBX, 685
ticketing, 620

Overseas. See Radiotelephony
Oxide. See Cathode

Pacific Telephone and Telegraph Company, 599
Pack, R. F., 336
Packing. See Carbon transmitter
Page, C. G., 65, 83
Page printer. See TTY
Paget, speech study, 952
Pagoda booth, 166, 168
Pair. See Cable; Line
Palatogram, 953
Panama, 366
Panel Call Indicator. See PCI

Panel switching system
and SxS, 585, 683
call indicator, 595
calls to manual central office, 595, 603
district selector, 585
economics, 581, 612
economics, size, vs. SxS, 599
field trial, 581
growth, 585, 599
history, review, 613
line finder, 593
maintenance, 596
PBX, 682
PO, 603
revertive pulsing, 590, 595
routing, 585
selectors, 587
sender, 593, 5%
sender monitoring, 596, 598
sequence switch, 592
signaling, 594
switch bank, 581, 588, 590
tandem, 603
test gear, 596
trunking plan, 581, 585

Paper insulation
cable, 217
capacitor, 833, 834
metallized, 835

Paraffin wax, 212, 834
Paraffined paper, 832
Paris, France, 68, 366
Paris, Ontario, 14
Parker, R. D., 755
Party line, 468, 535

ringing, 122, 570
Patent conflicts

coin box, 160
frequency control, 318
loading coils, 243, 244
oscillator, 364
permalloy, 980
resonant connection, 159
telephone, 13, 31, 489
telephone, Western Union vs. Bell, 489
tuning, 352
vacuum tube, 261

Patents
A. G. Bell, 1876, 10
agreements, 432, 489, 554, 582, 760
association, 25
Bell, expiration, 551
licensing, 382
value to Bell, 17, 46
Western Union refusal of A. G. Bell's, 31, 489,

733
Patterson, W. R., 212
Pay station, 154, 155
PBX

550 series, 676
600 series, 679
700 series, 684
automatic, panel, 682
automatic, rotary, 682
automatic, SxS, 683



automation, 682
circuit, 1904, 672
conference calls, 662, 686
definition of term, 471, 615
desk top, 676
dial service, 685
economics, 660, 669, 684
first AT&TCo standard, 666
first, 1879, 661
growth,691
intercom, 683, 688
large, 672, 679
No. 1,666
No. 2,667
No. 4,672
No. 505,676
operators, 660, 671, 693
power supply, 679, 706
Queens System, 682
satellite, 687
signaling, 672
size range, 679
terminology, 660
through dialing, 686
trunking, design, 471, 671, 680

PO, 595, 603
Peak. See Instantaneous
Peanut tube, 841, 846
Peg switch, 487
Peking radiotelephone, 374
Pennsylvania

central office, New York City, 585
Police TrY, 783
telephone company, 707, 729

Pennsylvania, U.S.S., 370
Periodic table, 963
Permalloy'

binary, 981
continuous cable loading, 802, 812, 813
powder, 807, 808, 830
properties, 804, 982, 983, 984
ternary, Cr, 804
ternary, Mo, 804, 830
transformer core, 800, 825

Permeability
iron and steel, 802, 806
low field, 978
permalloy, 804

Permeameter, 815
Perminvar, 814
Peme, Ray, 759
Person-to-person calls, 619
Phantom circuit, 236
Phase equalizer, 906
Phillips code, 741, 752
Phoenixville, Pa., 330
Phonautograph, 3, 4, 927
Phonodeik, 93
Phonetics, 949
Photo. See Telephotography
Photography, 922
Photomicrography, 960, 961, 962, 979
Photophone, 362
Physical design, repeaters, 268
Pickard, G. W., 1899, 895

radiotelephony, 362
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Pierce, G. W., 318
Pierce, J. R., 934
Piezoelectricity, 318, 988
Pilot wire, 272
Pin switchboard, 729
Pinkemell, F. A., U2
Pitch discrimination, 939
Pittsburgh

broadcasting, 426, 437
carrier telegraph, 772
carrier telephone, 282
Gold and Stock exchange, 729

Plant, outside
planning, 1906, 343
review, 1900-26, 347
review, 1900, 231
review, 1905, 764
review, power, 1920s, 709
wire, 1900, 764
wire, transcontinental, 1915, 262

Platinum filament, 841
Plow, cable laying, 223
Plug and jack

1877 switchboard, 476
1882, 513, 514
busy test, 494
dead collar, 515
TRS,513

Plumbago, 68
Plunger-type switch, 686
Point-ta-point operator, 624
Point-ta-point radio, 383
Poisson distribution, 541
Polar

relay, 768, 769
telegraphy, 722

Polarity ringing, 121
Polarized call bell, 116, 118
Poldhu, England, 406
Pole lines. See also plant

insulators, 201, 208, 248
spacing, 199
wood, 200, 232

Police TTY network, 782, 783
Popov, radio, 352
Porcelain insulators, 958
Portable coin box, 156, 157
Porter,1. F., 647
Position. See Operator
Post Office, British, 608
Postmaster General, 584
Potential, ground, 709, 737
Potter, R. K., 957

radio measurement, 451, 462
signal/noise ratio, 920

Poulsen arc, 357, 368
Powder core, 806
Power ratio. See Decibel
Power,6D-Hz,line

factor, improvement, 701
industry, 336
interference, 325
protection, 325, 341

Power, signal. See also Field strength
and antenna, 399, 424
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broadcast, 441
output tube, 397, 849
radiotelephony, 363, 393, 411
speech,945
telephone, 198, 363

Fower supply
central office, 1886, 696
common-battery central office, 697
local-battery central office, 697
PBX, 679, 706
rectifiers, 706
reliability, 697, 699
repeaters, 705, 765
standby, 697, 706

POZ, Germany, 915
Preamplifier, No. 47A, 182
Precision inductors, 831
Precision measurements, 992
Premises, customer

batteries, 79, 109
drop wire, 227
message meters, 170

Prepayment, coin box, 155, 156
Prescott, 1878, 832
President

AT&TCo, 30, 34
BTL, 52, 972, 974
Western Union, 36

President Hoover, 384
President Taft, 251
Press network, 746, 780
Pressed capaci tor, 833
Pressure measurement, 972
Pressure, sound, 931
Preventive maintenance, 596
Primary batteries, 694
Primary outlet, 650
Printer, page. See TTY
Printer, tape, 754
Printing telegraph. See TTY
Privacy. See also Party line

scrambling, 957
sideband shift, 391, 420
wobbling RF, 420

Private branch exchange. See PBX
Private line

Pell enters field, 734
switched network, 780
telephone-telegraph, 734

Prize. See Nobel
Probability. See also Quality control

Fry, 924
Molina, 540

Producer's, risk, 881
Production. See Manufacture
Program circuits

broadcasting, 292
carrier problems, 296
delay distortion, 300

Programs, broadcast, 430
Progressive switching, 563, 576,585

seealsoSxS
Propagation, line, 272
Propagation, radio

anomalous, and broadcasting, 449

Index

fading and skip, 360, 918
frequency dependence, 358
HF, power needs, 358
measurements, 394, 451, 918
optical, 355

Prospectus, A. G. Bell's, 1877, 21
Protection

fuse, 338
lightning, 337
power lines, 341

Psychology. See Hearing; Speech
Public address systems, 185, 187, 293, 425
Public telephone, 153

definition, 154
Pulp insulation, 220, 833
Pulse code modulation, 922
Pulse distortion, 750
Pulse signals

dialed,559
generating machine for senders, 593
revertive, 581, 592, 607
TrY, 747

Pump log conduit, 225, 226
Pupin

loaded lines, 244
patent conflict with Campbell, 243
tuned circuits, 277

Purification of materials, 992
Purves, British Post Office, 608
Push-pull amplifier, 364
Pushbutton, 129, 557

Quadded circuit, 229, 239
Quadruplex telegraph, 724
Quality control

and assurance, 851
American Society for, 882
risk, 880
Shewhart, chart, 877, 879
standards, 876
statistical, 863

Quarles, quality control, 863
Quartz

crystal structure, 989, 990
frequency control, 318, 990

Queens switching system, 547, 682
Queensboro Corp., 429
Queuing theory, 541, 618
Quiet battery, 702

R&D organization, 42. See also BTL; WECo
Rack, relay, 268
Radiation physics, 965
Radio

aircraft, 371, 373, 375, 377
alternator and arc, 362
amateur, 406
artificial line, 456
frequency allocation, 383
history, 349, 354, 913
interference, 361, 378, 920
marine, 353, 370, 385
military, 368
patents, 382
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spark, 356
telegraphy, 353, 393

Radio antennas
aircraft, 374
Bruce, rhombic, 4U
low noise and directive, 360, 399, 412
measurement, 455, 562
MUSA,424

Radio broadcasting
circuits, 1930, size of, 299
equipment, 428,431,437,440
station 2XB at West St., 1920, 431, 437
wire, 1913, 293, 425

Radio Corporation of America. See RCA
Radio detectors

audion,356
coherer,351
diode, 355
magnetic, 355
spark, 350

Radio measurements
field strength, 449, 915
thermocouple, 456

Radio modulation
Heising, 372, 439
light beam, 896
low level, 443
pulse code, 922
spark discharge, 895
tube circuits, 261, 364
van der Bijl, 366

Radio propagation
anomalous, and broadcasting, 449
fading and skip, 360, 918
frequency dependence, 358
HF, power needs, 359
measurements, 394, 451, 918
optical, 355
path loss, 418

Radio scientists
Alexanderson, 357
de Forest, 260, 356
Fessenden, 354, 357, 362
Fleming, 355
Friis, 918
Lodge, 352
Marconi, 352
Popov, 352
Poulsen, 357
Stone, 362
Tesla,357

Radio transmitter
frequency control, 441
power tubes, 397, 398, 403, 411, 438, 848,

849
spark, 384
stations, 401, 407, 410, 426
WW}, Detroit, 426

Radio, transatlantic
amplification needs, 414
HF service, 409
LF service, 391, 400, 405
Marconi, 353
stations, 400, 410
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system study, 414
talker level adjustment, 418

Radio-wire interconnection, 381
Radiotelephony. See also Transatlantic radio

amplification need, 414
Catalina, 387
Central America, 424
companding, 419
disruptions, 408, 410, 422
instability, 414
international network, 422, 423
LF vs. HF, 359, 391, 408, 409, 422
multiplex, 424
Peking, China, 374
power need, 359, 363, 394
privacy, 391, 420, 957
single sideband, 399, 412
South America, 410
transpacific, 424
value, 381, 422

Rag paper, 833
Railroad, electric, 336

interference, 325, 336
mail service, 29
PBX, 685

Rainey, P. M., 922
Random traffic, 470
Raritan Bay, 230
Rates

telephone service, 169, 546
toll, 169, 618, 627
toll broadcasting, 429
transatlantic, 401
transcontinental, 264

Rayleigh, 889, 934
RCA

antenna, 401
cross licensing, 382
formation, 382
NBC, 437
radio propagation, 385

Reactance, 820, 887
Read-only memory, 593
Reading-type repeater, 268, 271
Receiver, radio

superheterodyne, 4U
transatlantic telephone, 401, 410
tuning, patent, 352

Receiver, telegraph
alphabetic dial, 730
mirror galvonometer, 726
TrY, 748, 749

Receiver, telephone.. See also Operator; Sta-
tion apparatus

analysis, piston, 931
bipolar, 92, 182
butterstamp,20,.89
characteristics, 1890-1920, 99, 101
design, 86, 98
electromagnetic, reciprocal, 63
Gilliland, magnet case, 93
high fidelity, 182
iron box, 12
magnetic headband, 93
magnetostrictive, 65
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manufacture, 98
mechanical repeater, 253
Richards' small, 93

Recording
elapsed time, 625
field strength, 459
speech, 926, 948
tape, telegraphy, 719, 720
toll charges, 620

Rectifiers, 706
Red layout, 299
Reed-hinge relay, 522
Reed oscillator, 310, 312
Reed, vibrating, discovery, 7
Rees code, 718
Reeves, A. H., 922
Refund, coin box, 156
Regenerative repeater, 750, 754
Regional centers, 650, 651, 652
Register, 574, 580, 607
Regulator

gain, 268
voltage, 372, 701

Reis, J. P., 65
Relay

analysis, design, 521
as amplifier, 512, 519
B type, 525, 679
cut out, echo, 273
D type, 522
E type, 522, 679
impact of sender on numbers, 575
knife edge, 520, 521
large numbers in a call, 520
manufacture, 520
Morse's, 520
No. 215, 635
No. 218B, tuned, 634
R type, 523
rack, 268
reed hinge, 520, 521
transfer type, 520, 522

Reliability. See also Quality control
central-office power, 697

Remote central office, 705
Repair clerk, 509, 512
Repeater. See also amplification

4-wire, 266, 267
21 and 22 type, 264, 265, 266
and loading, 252
crosstalk, 328
design, 268, 902
echo, 272
first electronic, 842
gain control, 272
hybrid coil, 265, 819
mechanical, 254
No. 1A and 3A, 255, 257
patents before 1896, 254
physical design, 1915, 268, 269
power supply, 706
review, 1896, 254
ringthrough, 633
signaling problems, 633
stability, 264

Index

telegraph, 233, 738, 750, 767, 780
terminology, 233, 254
transatlantic cable, 814

Repeating coil (transformer)
carbon transmitter, 105
crosstalk, 499
phantom circuit, 817
signaling through, 633
telephone-telegraph, simplex, 817
terminology, 817
type 37A, 1904, 819

Repetition count test. See Intelligibility
Republic, 5.5., 353
Republican convention, 1924, 786
Resa:ve power for central office, 699
Residence. See Premises
Resistance

negative, 896
network theory, 906
resistors, 838
toll cable, 228
variable, for transmitter, 64

Resistivity, permalloy, 804
Resonance

applied to multiplexing, 277
in telephone receiver, 86
Maxwell and mechanical analog; 277
radio, building frame, 448, 462

Resonant connection, coin box, 154
Resonator, oral cavity, 947
Response, ear .

basilar membrane, 942, 947
masking, 941
non-linearity,942
Wegel and Lane calculation, 941

Response, frequency
Blake transmitter, 71
broadcast equipment, 441
open wire lines, 207
transients in audio, 945

Restaurant coin box, 156
Restricted calling from PBX, 685
Retardation coil, 829
Revertive pulsing

panel system, 595
rotary system, 607

Reynolds, J. N., 576, 609
Rhodes, F. L., 344, 893
Rhombic antenna, 412, 424
Rice, S. 0., 914
Richards, W. L., 30

22 repeater, 265
heat coil, 341
small receiver, 172

Richardson's equation, 968, 975
Richmond, Virginia, 484
Ricker, loudspeaker, 187
Riesz, R. R., 954
Ring contact, plug, 513, 555
Ringdown operation, 630, 631
Ringers

bridging, high impedance, 120
frequency, 121
Watson's magneto, 481, 491

Ringing. See also Signaling



automatic, 570
automatic vs. manual, 505
detection, tuned relay, 634
long line circuits, 631
party line, selective, 121, 570
telegraph interference, 631

Ringing frequency
1,000 Hz, 635, 703
135 Hz, 632, 703
16-17 Hz, 489, 631, 703
20 Hz, 121, 631, 703

Ringing generator frequency, 121
Ringing power

alternator, 489
foot-treadle, 694, 695
high voltage, 120
pole-changer, 695, 704
subcycle generator, 705
vibrator, 694, 695

Ringthrough, repeater, 633
Risk in quality control, 880·
Roberts, J. G., 53
Robertson, J. H., 576, 609
Robertson, John, 215
Robes, E. C.

capacitor, 832
selective ringing, 123

Rochelle salt, 989
Rocky Point, Long Island, 400, 405
Roller skate messengers, 621
Romig, H. G., 881
Roosevelt, H. L., 114
Root, H. c., 156
Rorty, M. c., 1899, 896

traffic theory, 539
Rosebrugh, A. M., 832
Rotary information files, 509, 510
Rotary switching system

common control, 607
design, 580
panel preferred, 581
PBX, 682
WECo, Europe, 581, 607

Round's tube, 364
Routine testing, 596
Routing

alternate, 471
operator, 620, 650
optimization, switching plan, 650

Rubber, 987
Rugby, England, 410
Ruggedized equipment, 379, 380, 845
Ruhmer, E., 278
Rural lines, 132
Rural offices, 580
Russell, G. 0., 953
Rysselberghe. See van Rysselberghe

Sacia, C. F., 1916, 935
speech studies, 944, 945

Sag in wire line, 334
Salem, Mass., 17
Sampling

digitization, 958
Dodge and Romig, 881
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Shewhart, 537
WECo, 1906, 854

San Francisco. See also Transcontinental
submarine cable, 229
toll growth, 656, 657
wire broadcast, 295, 425

Sanders, T.
Bell company, 1877, 26
supports A. G. Bell, 5

Satellite PBX, 687
Scale, logarithmic. See Decibel
Scattering, electron, 997
Schelleng, radio propagation, 407
Schottky, W., 910
Schumacher, E. E., 1918, 974
Scott's phonautograph, 3, 927
Scrambled speech, 957
Scribner, C. E., 1877, 482

AST circuit, 106
click test for busy, 494
coin box, 160
high-impedance signaling, 496, 499
jackknife switch, 491, 492, 513
message meters, 170
multiple switchboard, 495
2-wire circuit, 496
WECo chief engineer, 44, 482

Seal, metal-to-glass, 397, 849
Sealed coin box, 162
Seasonal radio effect, 403
Seattle, U.S.S., 370
Secondary emission, 997
Secret. See also Privacy

TrY systems, 755
Sectional windings, 822
Secure. See Privacy; Secret
Selective circuit, radio, 279
Selective ringing. See Party; Ringing
Selector switch

crossbar, 609
district, panel, 585
graded multiple, 569, 574
motor drive, 547, 581, 592, 595
number base, 574, 585
panel,588
progressive, direct, 575
revertive pulse, 595
rotary, 580
single level, 546
Strowger, 556, 574
vs. line finder, 565
wiring, flat, 580

Self-restoring. See Drop
Semaphore, 716
Semiautomatic. See PBX; Switching
Sender

and decoder, 594
function, 575
monitoring, 596
panel,593
relay economy, 575
tandem office, 606

Sensation. See Hearing
Sequence switch, 581, 592
Shackelton, W. J., 815
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Shadow, radio, 450
Shanck distortion, 778
Shannon, C. E., 909
Shaw, F., 484
Shea, T. E., 908
Sheath, cable, 215, 216, 229, 959, 960
Shewhart, W. A., 1925, 863

quality as variable, 876
quality control chart, 877, 879
sampling, 537
statistical analysis, 988

Shielded
bridge, 915, 916
transfonner, 826

Ships
frequency allocation, 383
multiplex, 370
radio mandated, 353
radiotelephone, 370, 385
5.5. America, 385, 460
5.5. Gloucester and Ontario, 385, 460
5.5. Republic, 353
5.5. Titanic, 353
U.S.S. Arkansas, 370
U.S.S Florida, 370
U.S.S. New Hampshire, 370
U.S.S. Pennsylvania, 370
U.S.S. Seattle, 370

Shirt button cable, 214
Shore. See Ship
Short-haul canner, 288
Short wave. See HF
Shot noise, 910
Shreeve, H. E.

mechanical amplifier, 254
radiotelephony, 366
relay repeater, 819

Sidebal'J.d, single, 281
and privacy, 420
Carson and Arnold, 281, 899
HF radio, 412, 424
suppressed canner,. 281, 385

Sidebands. See Bandwidth
Sidetone, 105. See also AST
Siemens, W., 119, 204, 725
Signal lamps. See Lamps
Signal, radio. See Fading; Field strength
Signal/noise radiotelephone, 394, 395, 396, 920
Signaling

135 Hz, 632, 634, 705
1,000 Hz, 635, 705
1,000/20 Hz, 635
and canner systems, 290
automatic, 123, 633
coin box, 159, 162
common channel, 482, 637
composite set, 632
dc and ac, 636, 643
definition, 113
distributor system, 639, 640
echo re-ring, 635
in panel, 594
intertoll, 627, 647
lamps, 499, 523
loading effect, 633
one-way and two-way trunks, 629

operator drop, 123
operator, pushbutton, 129
order wire, call circuit, 484, 493, 637, 730
PBX, 672
recall, end of call, 483
ringdown, 630, 631
ringthrough repeaters, 633
straightforward, 637
supervisory, 637, 672
talkoff, 635
telegraph interference, 240, 631, 767
toll problems, 627, 642
VF, in-band, 634, 638

Signals
bandwidth, 898
coded, TV, 922
Nyquist and Shannon theory, 766, 909

Silicon steel, 109, 801
Silvered mica, 836
Simon, L. E., 856
Simplex telegraph, 632, 735, 817
Singing, handsets, 144
Single sideband. See Sideband
Single-wire circuit. See Ground
Siphon receiver, 726
Site, antenna, 399
Size and economy

automatic vs. manual switching, 548, 550
panel switching, 612
SxS switch, 610

Skin effect, 899
Skip distance, 360, 918
Sky wave, 360. See also Antenna
Skyscraper radio shadow, 449
Sleet stonn disruption, 251
Sleeve. See Plug
Slugs (fraud), 162, 1971
Smith, Isaac, 477
Smith, J. G., 560
Sneak current, 338
Social telegraph association, 477
Sodium silicate, 809
Soft iron loading, 244
Soldered tenninals, 529
Solderless tenninals, 588
Solid back. See Carbon transmitter
Somerville, Mass., 18
Sound. See also Hearing; Speech

electrical analog,S
peak factor, 945
power, 945
pressure, 938, 946
Rayleigh theory, 934
representation, 927
spectra, 945, 951
speech, 947, 954
thennophone, 930
transducer, 65. See also Transmitter
underwater, 935

South Bend, Indiana, 282
Southern California Telephone Co., 599
Southgate, England, 410
Southworth, G. c., 912
Space charge, 969
Spacing, loading coils, 244
Spacing, pole lines, 200
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Span, transposition, 331, 332
Spark gap detector, 350
Spark gap protector. See Lightning
Spark, radio. See Transmitter, radio
Speaker. See Talker level
Spectrum. See Speech
Speech. See also Bearing

A. G. Bell, 2
electrical analog, 5
intelligibility, 952
machine production, 948
power spectrum, 943, 944, 954, 957
representation, 927
scrambled, 957
statistical analysis, 953
visible, 2
vocal tract analog, 953
vocoder,954

Splicing, 220, 327
Split-band radio, 420
Split-bank wiring, 593
Spool vs. toroid core, 822
Squier, G. 0., 278
S.S. See Ship
SSB. See Sideband
St. Simon, Georgia, 365
Stability. See Singing
Staff. See Organization
Staggered frequency, carrier, 286, 324
Standard, Bell System, 638
Stanley Steamer, 208
Star-quad. See also Cable, 238, 326
Start-stop or inter. See TTY
Static, radio, 324, 361, 390. See also Interference
Station apparatus. See also PBX; Receiver; Ringer;

Transmitter
and amplifiers, 100
and transmission, 61
booth,163
cabinet set, 129, 130
coffin set, 128
common.vs. local battery, 123, 129
definition, 60, 534
dial, 124, 546
evolution, 190
first WECo set, 129, 130
human factors, 61, 146
operator set, 173
protection, 126, 129
pushbuttons, 129, 557
switchhook, 129
wall set No. 1317, 132

Station set. See Station apparatus
Station switching. See Switching
Stations, broadcasting

2XB, N.Y., 431, 437
8XK, Detroit, 426
WBAY, N.Y., 429, 431
WBL, Detroit, 437
WEAF, N.Y., 319, 430, 432-435, 437
WHAS, Louisville, 448

Stations, radio. See Radio; Receiver; Trans­
mitter

Statistics
data analysis, 878, 988
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quality control, 863, 881
traffic, 535, 896

Steady-state theories, 900, 949
Steel. See also Iron

ball transmitter, 70
wire cores, 806

Steerable antenna, 424, 918
Steinberg, J. c., 1922, 946
Steiner, J. A., 496
Steinmetz, C. P., 900
Step by step. See SxS
Stereophonic music, 68, 295
Stethoscope, 67
Stewart, J. Q., 954
Stokowski, Leopold, 295
Stoll, quality control, 860
Stoller, H. M., 372
Stone, J. S., 1890, 890

and radiotelephony, 1892,357,362
and audion, 260, 364
and multiplex telephony, 279
continuous loading, 243
resonant circuits, 892
rotating amplifier, 893
transmission theory, 243
tuned circuits, 277
X rays for amplification, 892

Storage battery. See Battery
Storms

electric. See Lightning
magnetic, 408, 410, 422
sleet, 251

STR. See AST; Sidetone
Straightforward signaling, 506, 630, 637
Stromberg-Carlson, 859
Strowger, A. B., 545
Strowger Automatic Telephone Exchange, 545
Strowger switching system. See also SxS.

Augusta, Georgia, 1897, 561
basic switch, 554
complexity of first, 545, 556
dial invention, 559, 560
Erickson brothers, 545
La Porte, Indiana, 124
Miller's 1905 review, 547
multistage switching, 561
traffic problems, 561
WECo manufacture, 554

Studio, broadcast, 430
Studio, television, 796
Subcycle generator, 705
Subjective tests, transmission, 309. See also

Intelligibility
Submarine cable, 229. See also Transatlantic

continuous loading, 979
dry core 1899, 229
England to continent, 1851, 725
Key West-Havana, 230
New York-New Jersey, 1883, 229
San Francisco-Oakland, 229

Subscriber. See Customer
Subscriber loop. See Loop
Subscriber multiple. See manual
Substitute materials



1068 Index

for rubber, 987
for tin, 959

Suit, patent. See Patent conflict
Superheterodyne, 402, 412
Supervision. See Operating methods
Supervisory. See Signaling
Suppressed carrier. See Sideband
Suppressors, echo, 273
Surface, electron reflection, 997
Surge. See Lightning
Survey. See Field strength
Swaim's code, 718
Sweden, 608
Swiss commutator, 487
Switch. See also Selector

automatic as cord substitute, 557
basic Strowger, 554
basic to SXS, 564
contact banks, 554, 612
coordinate, 566, 567, 609
crossbar, 609
jackknife, 513, 514
Jones lock, 728
key, 515
line, 566, 686
peg, 487
sequence,581,592
Swiss commutator, 487
switchhook, 114
WECo, universal, 485

Switchboard. See also Manual
chronology, 1878-1897,495,498
Gold and Stock Co., 483
multiple appearances, 502

Switching centers, 650, 651, 652
Switching system. See also Automatic; Central

office; Manual, Panel; PBX; Rotary; Signal­
ing; Strowger; SxS

basics, 468, 472
Clement, 554
common control, 572
computer analogy, 572
coordinate, 1921-25, 575
director, 608
economics, 546, 548, 530
foreign developments, 607
growth, automatic, 1925-65, 613
manual vs. automatic, 547, 550, 573, 609
~ueens, 1902,547, 682
review, 1875-1925, 711
review by Carty, 1910, 551
semiautomatic, 552
size problem, 551, 573, 576
station, 468, 546, 669
telegraph, 727
toll, 615, 653
toll plan, 647
trunking and numbering, 124, 561, 577, 580, 583
Village, 1884, 546

sxS switching system. See also Strowger
blocking, 561
development, 556
dial intercom, 1916, 683
direct control, progressive, 575
economics of size, 569, 609

growth,612
history, 614
La Porte, Indiana, 1895, 124
large cities, 599
manufacture, 612
patent agreements, 582
PBX, 682
vs. common control, 608
vs. panel, 585, 683

Syllabic compandor, 419
Synchronization

selectors, 595, 607
TTY motor, 748

Synchronous clock, 319
Synchronous motors, 625, 701
Synthetic speech. See Speech

Taft, President, 251
Talker level

automatic compensation by VOGAD, 419
compandor, 419
human factors study, 150
operator adjustment, 418

Talking battery, 702
Talkoff, signaling, 635
Tandem office

concentration function, 505, 650
definition, 113, 470
error, 506, 584
growth,506
No.1 toll board, 642
panel,605
semimechanical, 605
sender, 606
transmission loss, 650

Tantalum capacitors, 837
Tape loading for cable, 981
Tape, paper, 719, 720, 754
Target board, 490
Tarrytown, N.Y., 230
Teaching deaf, 2, 958
Teamwork

automatic switching, 580
radiotelephony, 365

Telegraph
A. G. Bell, 7, 66, 732
Bell leaves field, 1879, 31
Bell System, 1876-1910, 732
carrier, 290, 769,776
code, 718, 719, 756
companies. See Gold and Stock; Law; Western

Union
distributor signaling for telephony, 639
early history, 716
multiple, A. G. Bell, 66
printing. See TTY
private line, 734
private networks, 738, 743, 744
radio, 374, 393,406, 914
review, 1910, 739
S. B. Morse, 717
SOcial, 1874, 477

Telegraph operating methods
code, 718, 719
distortion effects, 777, 779
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Phillips code and bug key, 741
printed message, 1849, 720
speed, 726, 738, 741

Telegraph repeater
1892, 737, 738
and telephone, 233
improved, 1919, 767
regenerative, 750, 754
spacing, 780

Telegraph switching
call wire,73O
early history, 727
Law system, 784
private line, 780
transfer trunks, 560

Telegraph-telephone multiplex
Bell practice, 733
composite, 240, 736
signaling interference, 632, 639
simplex, 632, 735, 817
voice interference, 767, 806, 832

Telephone. See also Reciever; Transmitter
and telegraph multiplex. See Telegraph-tele-

phone
A. G. Bell invention, 8
booth,l63
circuits, instability, 144
directory, 477
education, 535
exchange association, 534
growth, 1900-30, 551, 573
human factors, 146
number. See Number; Numbering
operator. See Operator, telephone
plant. See Plant
switching. See Switching
traffic. See Traffic

Telephone cable. See also Cable; Line
attenuation, 889
unrepeatered transatlantic, 813

Telephone companies. See also AT&TCo
American District, 155
Bell of Philadelphia, 729
District, New Haven, 20, 29
independents, 550, 551
Law, 474, 484
Metropolitan Telephone and Telegraph, 728
New England, 29
Pacific Telephone and Telegraph, 598
Southern California, 599
Strowger Automatic Telephone Exchange, 124,

545
Telephone Despatch, Boston, 20, 29
Western Union subsidiary, 31

Telephone set. See Station apparatus
Telephone transmitter. See Transmitter, telephone
Telephotography

commercial service, 1926, 786
Ives' work, 790
political conventions, 1924, 786
report on, 1903, 784
Types A and B, 790

Teletypefl} Corporation, 760
Teletypewriter. See TTY
Television

Gray's work, 922
Ives' work, 790
studio interconnection, 796
transmission, 908

Terminal strips, 529
Terminating cable, 228
Ternary permalloy, 803, 981
Tesla, 357
Test sets

carrier, 316
No.4 Morse board, 739, 740
panel office, 596

Textiles, 992
Thayer, H. B., 495
Theory

amplifier noise, 910
communications, 243, 726, 900
hearing, 939
information, 909
modem physics, 986
network, filter, 272, 906
sampling inspection, 881
sound,934
traffic, 541, 923
transformer, 825
transposition of lines, 205

Thermal noise, 910, 911
Thermionic emission, 967
Thermionic tube. See Tube
Thermocouple, 456
Thermophone, 930
Thevenin's theorem, 889
Thompson, F. D., 862
Thompson, G. K.

coin box, 160
handsets, 144
selective ringing, 122

Thompson, S. P., 244
Thomson, G. P., 1000
Thomson, W. See Kelvin
Three-wire ('IRS) circuit, 555
Thresholds, hearing, 936, 938
Through board, 641
Thumper for calling, 115, 116
Thuras, A. L., 183
Thurber, H. F., 856
Ticket. See Toll ticket
Tie lines. See Private lines
Timber inspection, 859
Timber poles, 200, 201, 232
Time-division multiplex, 639
Timing calls, 624
Tin

cable sheath alloy, 959
capacitor electrode, 832
foil manufacture, 833

Tip cable, 228
Tip test for busy, 494
Tip, ring, sleeve, 513
Titanic, 353
Todd, Reverend John, 477
Toll board

No.1, 641, 643, 645, 646
Nos. 1B, 2, 9C, local lineup, 642
No.3, 645, 648, 649
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No. 11,649
signaling, 642

Toll centers, 647
Toll ticket, 619

Morse system, 637
single vs. two, 622
transport, 621

Toll traffic
AT&TCo long range plan, 1885, 616
coin box, 161
definition, 615
early lines, 615
growth,656
rates, 618, 629
Routing. See Routing
service speed, 657, 658
signaling, 630, 639
switching plan, 647
transmission, 643
trunks, 620, 622, 630, 642

Tone. See Signaling
Toroidal cores, 84, 830
Toronto Globe, 15
Tract, vocal. See Speech
Traffic. See also Toll traffic

AT&TCo, 1905, 42
Blood,896
concentration, 505, 617
cost studies, 546
curves and blocking probabilities, 541, 543
definition, 535
engineering, 536
equalization, manual board, 531
Erlang,923
Molina, 540, 923
Poisson statistics, 541
random, 470
Rorty, 539, 896

Transatlantic radiotelephony
amplification needs, 414
field strength survey, 460
HF service, 409
LF service, 391, 400, 405
rates, 401
stations, 400, 410
system study, 414
talker level, 418

Transatlantic telegraph cable
Cyrus Field, 1858, 725
loading, 802
signaling speed, 726

Transatlantic telephone cable. See also Submarine
cable

attenuation, 814, 889
unrepeatered, 814

Transcontinental telephone lines, 1915
bandwidth,262
loading, 262
physical plant, 262
rates, 264
repeaters, 261

Transducer. See Microphone; Transmitter, tele­
phone

Transformers
audio, 826
carrier frequency, 829

core loss, 809
delay distortion, 829
design, network approach, 826
early telephone patent, 816
hybrid, phantom circuit, 238, 247, 250, 819
line matching, 105, 817
manufacture, 824
permalloy core, 802, 825
power vs. communication, 800, 820
signaling through, 633
stray field, leakage, 826
terminology, 817
theory, 820, 826
toroidal vs. spool, 822
tube circuit, 821
windings, treatment, 822

Transient. See Speech
Translator (switching), 580, 924
Transmission, line. See also Cable; Carrier; Line

and station apparatus, 61, 336
articulation, subjective tests, 303, 309
costs, 1900, 235
early problems, 196
error, digital, 1930, 780
loss, specification, 1930, 309
master reference system, 308
measurements, 303
program, high-fidelity, 295
review, 1915-25, 765
review, pre-1876, 473
review, telegraph, 1905-30, 764
single sideband. See Sideband
telephone vs. telegraph, 198
transcontinental, 1920, 323
units, 307. See also Decibel
videophone, 11/, 793, 794, 908

Transmitter, radio
antenna, 424
broadcast, 441, 448
frequency control, 441
modulation, 439
power tubes, 397, 398, 403, 404, 411, 438, 849
spark, 356, 384
stations, 401, 407, 410
WECo broadcast sets, 443, 444

Transmitter, telephone
Berliner's steel ball, 70
capacitor, 1877, 179
capacitor, high quality, 179
carbon. See Carbon transmitter
characteristics, 1890-1920, 99, 101
current boost for toll, 622
Edison vs. Bell, 69
electromagnetic reciprocal, 63
fidelity, 100
instability, 144
iron box, 88
liquid, 1876, 11, 13, 65
moving coil, 189
No. 618 electromagnetic, 1930, 189
Reis, magnetostrictive, 66
review, 1877-1912, 81
terminology, 67

Transpacific radio, 424
Transposition. See also Crosstalk

and carrier systems, 329, 334
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and phantom circuits, 238,335
ABC, 331, 332
Barrett, 205
cable pairs, 326
Carty theory, 205
interval, 332
Phoenixville tests, 330
principles, 332

TRS circuit, 555
Trunk

definition, 470
intertoll, 616
one vs. two way, 507, 629
toll recording and connecting, 471, 472,

620
toll switching, 620
vs. loops, 343, 470

Trunk plan, 505, 537, 574, 579, 581, 923
TTY (printing telegraph; machines antedating the

term "teletypewriter" also indexed here)
12 and 13 type sets, 752, 753
14, 15 and 19 type sets, 761, 762, 763
19th century, 724
cipher or encrypting, 754
codes, 725, 747
designs, Morkrum and WECo, 761
exchange, TWX, 784
keyboard, 747
Morkrum Co., 759, 763
multiplex, 755
non-Bell designs, 758
private networks, 746, 780
rotating sender, 748, 7~9

start-stop operation, 746
TeIetype~ Corporation, 760
terminology, 760
vs. hand telegraphy, 739, 741, 751

TU (transmission unit), 307. See also Decibel
Tube (electron, thermionic, vacuum)

and Richardson theory, 969
101 or L, 102 or V, 766, 841
101D, review, 842
203 or J, 205 or E, 845
211 and 212, 438
220, 228, 232, 443
amplification factor,971
amplifier, 256, 264
Arnold's vision, 970
Band C batteries, 705
Bell types, 1920s, 841
cathodes, 372, 438, 849
de Forest's audion, 258, 356
design features, 800, 840
filament, coated, 842, 974
filament, platinum, 841
first repeater use, 261
Houskeeper seal, 397, 849
indirect heated cathode, 849
lifetimes, 1913-25, 841
M type, 842
materials problem, 840, 841, 970·, 974
modulator, 261, 364
oscilla tor, 261, 312, 776
peanut, miniature, 841
ruggedized, 379, 380, 845
shot noiSe, 910
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Stone, 1912, 364
transformer circuits, 821
unipotential cathode, 849
van der Bijl analysis, 262
voltmeter, 319, 320
vs. arc or alternator, 365
VT-1 and 2,845
water cooled, 397, 398, 849
WECo codes, 842

Tulsa, Oklahoma, 293
Tuned

circuits, 277, 354
reed telephone, 7, 12
relay, 634

Tungar rectifier, 706
Tungsten filament, 529
Turner-Armour booth, 165
Twisted pair

A. G. Bell patent, 212
in cable, 217, 326
in transformer, 826

Two-wire. See Metallic
TWX. See TTY
Type-wheel printer, 744

Underground cable, 221, 238, 249
Underwater cable. See Submarine
Underwater sound, 935
Unipotential cathode, 972. See also Cathode
United Press, 746, 780
Universal

cord circuit, 667, 668
power machine, 704
switch, WECo, 485, 491, 816
type key, 516, 517

Universal service, 60, 616
University and industry, 826, 971, 986
U.S.S. See Ship

Vacuum
impregnation, 834
lightning arrestor, 340
manometer, 972
tube. See Tube

Vail, Alfred, 520, 717
Vail, T. N.

and Doolittle, copper wire, 203
General Manager, Bell, 29
President, AT&TCo and Western Union, 34, 36
protective fuse, 340
Rand D Dept., 1907,42, 897
Western Union merger, 742

Valve. See Tube
van der Bijl, H. J. 1913, 912

CRT focusing with gas, 322
.electron emission, 971
modulation, 366
vacuum tube, 262

van Rysselberghe, multiplex, 240
Vanni, radio pioneer, 362
VarIey, C. F., 240
Vaschy, A., 244
Vault, cable, 531
Velocity of propagation, 272
Vernam, G. S., 754
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Vibrating reed telephone, 8
Vibrator, 310, 312, 694
Videophone, 793
Village switching system, 546
Visible speech, 2,927
Visual display of numbers, 595
Visual display, large, 793
Vitamin B1, 987
Vocal tract. See Speech
Vocoder, 954
VaDAS, 416
Voder, 954
VOGAD,419
Voice. See Speech
Voice talkoff, 634
Voice-actuated devices, 416. See also VaDAS;

VaDER
Voice-band signaling, 634
Voice-frequency carrier telegraphy, 772
Voiced sounds, 946
Voltmeter, vacuum tube, 319, 320
Volume indicator, 295, 320,321. See also VU meter
Volume, talker, 150
von Lieben, 258, 364
Vowel sounds, 947
Vreeland oscillator, 311
Vl'-1 and 2 tube, 372, 845
VU meter, 295, 320, 321

W.A.C, 344
Wages. See Operator, telephone
Walker, A. C, 1923, 986
Walker Street, New York City, 428, 449
Walker-Lispenard Building, 584
Wall telephone, 128, 166
Walworth Manufacturing Co., 15
Wanamaker's, 427
War

telegraph In Civil, 721
WW I, government control, 584
WW I, militarv work, 175, 371, 845, 935
WW II, cipher machine, 755

Warble tone, 312
Warner, E. P. and J. C, 493

drop, 518
plug and jack, 513

Warranted annual charge. See W.A.C
Warren, H. S., 818
Washington, D.C

broadcast signal survey, 461
loaded cable line, 1912, 251
station WCAP, 430
telegraph lines, 1844, 719
toll lines, 1883, 34

Watch case receiver, 93, 9t
Water cooled

microphone, 186, 293
tubes, 397, 443, 849

Waterproof cable, 216, 229
Waterson, K. W., 427
Watson, T. A.

and quick-acting magnet, 16
buzzer, 1878, 116, 117
equity in 1876 company, 15
first telephone message, 12

landlady problem, 163
left telephone field, 28
magneto ringer, 119, 491
polarized call bell, 116, 118
pre-1881 responsibility, 28
telephone Invention, 7
thumper for calling, 115, 116
transformer, 1880, 816

Wave filter. See Filter .
Wave mechanics, 966, 995
Wave, electron, 995
Waveform analysis, 951
Waveform recording, 949
Wavelength/frequency, 358
Wax cable filler, 212
Wax heat coil, 341
Wax impregnants, 834
WBAY, New York City, 429
WBL, Detroit, 437
WCAP, Washington, 430
WEAF, New York City, 319, 43, 437
Weber-Fechner law, 938
WECo and other companies

General Electric, chargers, 1909, 702
Gold and Stock, 1879, 485
Gray, coin box, 162
ITT, European Manufacturing, 1918, 33
Morkrum, 'ITYs, 760
Turner-Armour, booths, 165
Western Union and Azores cable, 1924,

813
Western Union, pre-1878, 32

WECo foreign business
Antwerp factory, 33, 608
China, radiotelephone, 374
Europe, switching systems, 1911, 581,

607
sale to ITT, 1918, 33

WECo manufacturing
automatic switch system, 1902, 547
broadcast systems, 439
Brooks cable, 1880, 212
capacitors, 834
coin box, 162
jacks, 1917, 515
permalloy powder cores, 809
relays, 520
resistors, 839
sampling, 1905, 855
station set, 1882, 129
Strowger equipment, 1926, 554
TTYs, 761
tube shop, 765
universal switch, 1879,491

WECo organization
acquisition by Bell, 1882, 32, 490
BTL created, 1925, 52
Chicago, move to New York City, 1907, 44
competing teams, automatic switching, 580
contract with American Bell, 1882, 851
education, out-of-hours, 1919, 825
Engineering Dept., 19()()-15, 42, 853
engineering inspection, 853, 860
reincorporation, 1915, 33
routine inspection, 1906, 854
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Scribner, Chief Engineer, 44
West St. headquarters, 1897, 33

Wegel, R. 1., 1914,935
cone speaker, 187
hearing, 941

Wehnelt cathode, 364, 968
Wehne1t, rectifier, 356
Wente, E. c., 1914

capacitor microphone, 179, 934
high-fidelity receiver, 1920, 183
J. R. Pierce's tribute, 934

West St., 463, New York City
BTL headquarters, 1925, 56
colloquia, 985
PBX, field trials, 1908-12, 581, 682
present use (19705), 53
radio station 2XB, 437
radio station WEAF, 430, 448
WECo headquarters, 1897, 33

Westcott, N. R, 832
Western Electric Co. See WECo
Western Union

and Bell patents, 31, 490
and WECo, Azores cable, 1924, 813
and WECo, pre-1878, 32
American Speaking Telephone Co., 31
formation in 19th century, 31
merger with Bell, 36, 739, 742
Peg switch, 487
pin switchboard, 729
telegraph exchange, 1876, 729

Westinghouse patent licensing, 382
Westinghouse, broadcasting, 426
Wet batteries, 109
Wet-dry signaling, 637
WHAS, Louisville, 448
Wheatstone, 67
Whippany, N. J., 793
Whistlers (static), 324
White, A. c., 76
Whittle, H., 826
Wiley, G. 1., 728
Wilkins, J., 1667, 927
Williams, c., machine shop, 5, 18, 128,477,487
Williams, R. R, 1919, 986
Wilmington, Delaware, 365, 552, 582
Wilson, E. P., 70
Wilson, 1. T., 331
Wilson, R H., 366
Wilson, W., 970
Wind-driven generator, 372, 375
Windings
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impregnation, 822
machine-made, 830
sectional, banked, 822, 830

Windsor, Ontario, 686
Wire. See also Transposition

broadcasting, 292, 425
copper, 202
cores, 808, 817, 978
drop, 227
gauge, 201, 234
haystack, 764
iron, lines, 201
iron, loading, 812
lines. See Open wire
order. See Signaling
plant. See Open wire
resistors, 839
single. See Ground return
twisted, A. G. Bell patent, 212
two. See Metallic circuit

Wire chief, 175
Wiring confusion, 530, 764
Wobbling radio frequency, 420
Wood. See also Timber

booths, 163
cable duct, 225
cases, 129
poles, 200, 201, 232
resistor cores, 839

Woolwich, England, 607
Worcester, Massachusetts, 251, 499, 697
Work function, 976
Works, Hawthorne, 808, 854
Wraith circuit, 239. See also Phantom circuit
Wrapping tape. See Continuous loading
Wyoming, U.S.S., 370

X rays
anatomy of head, 953
crystallography, 982, 989
for amplification, 892

Yale University, 986
Yama Farms, 785
Young, O. D., 336
Young, W., 215

Zeiss, 962
Zero operator, 600
Zinc coating, 807
Zobel, O. J., 1916,904
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