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EPIGRAPH

No subject can possibly be as interesting as its own history.

—Opera News, August 1981

DEDICATION

To the fellow workers associated with our many years at NBS, we dedicate this historical
account of the Bureau’s work in radio.
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FOREWORD

Radio has proved to be one of man’s greatest boons—for communication, for newscasting,
and for entertainment. In 1911 the National Bureau of Standards made its first measurement
at radio frequencies—the calibration of a wavemeter. After World War I the Radio Section
began a study of radio propagation, learning that it is a very complex phenomenon. In the
mid-1950's, the NBS radio laboratories were moved from Washington, D.C., to a new labora-
tory center in Boulder, Colorado. With the passing years the Bureau engaged in many areas of
research and engineering during the rapid development of radio technology. Indeed, we of NBS
can be justifiably proud of our achievements as we met the challenges brought to us by
Government and by industry in the use of radio as a medium of communication that is
earthborne and that spans space. We, too, were pioneers.

This historical account of our achievement in radio is a semipopular presentation, yet
gives extensive treatment of the technical features of 70 years of radio science, technology,
standards, and measurement at NBS, both in Washington and in Boulder.
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Ernest Ambler, Director



PREFACE

The Heritage Of The Past Is The Seed That
Brings Forth The Harvest Of The Future

Inscription at south entrance,
National Archives, Washington, D.C.

This aphorism applies significantly to the unparalleled development of radio and
electronics during the 20th century. Yet its import is not always heeded, as was astutely
stated by the editor (F. Hamburger, Jr.) in the February 1961 issue of the Proceedings of the
Institute of Radio Engineers (Proc. IRE) when he said:

. . . The older an art becomes the more difficult it is for those who are
entering the field to become familiar with the past and the lessons that it
teaches. This has already happened in radio and in electronics despite their
comparative youthfulness. There is significance associated with history and
danger associated with its neglect.

The import of the history of a science or a technology was well expressed by Lynn
White in his essay on “Engineers and the Making of a New Humanism,” published in 1968,
when he wrote: “One mark of a mature profession is consciousness of its own history.”

The roots associated with the desire to prepare this history of the radio work of the
National Bureau of Standards go back more than a half century to the earliest years of
broadcasting, at a time when the author (WFS) took an early interest in the history of radio.
Even then he developed a bit of writing on the subject and later desired to extend that
writing.

It was upon perusing the pages of Cochrane’s Measures for Progress—A History of the
National Bureau of Standards (1966) given over to the Bureau’s radio work that there came
the urge to write a more comprehensive and detailed account of this facet of the Bureau’s
operations that was so laden with scientific and technical achievements. Here, indeed, was
an extensive story worthy of telling in printed form!

A direct approach to the director, Dr. Lewis M. Branscomb, in the spring of 1971,
resulted in the authorization of a project for a written history of the Bureau’s work in radio.

Although not intentionally adhered to, the author’s (WFS) viewpoint of this historical
account is similar to that expressed by Robert Oppenheimer in his address at the dedication
(September 26, 1962) of the Niels Bohr Library of the American Institute of Physics:

. . . I do not believe that any preconceptions about the practical value of
the history of science should blur the basic and central value that it is nice
to know what men thought, how they were led to think it, how men acted,
how they conceived of their actions, and to know those things as near the
truth as possible. The canons of truth in history are not identical with those
in science, but there is a historiographical tradition almost as helpful in the
study of history as is ours in the study of physics.

Radio work by the National Bureau of Standards can be dated as beginning in 1911
when the first measurement of a wavemeter was made by J. Howard Dellinger. About 1915,
use of thermionic (vacuum) tubes began to free the Radio Section of equipment limitations,
including those associated with measurements at radio frequencies. In 1920, broadcasting
fever struck the Radio Section, leaving behind the spark-and-crystal days. Thereafter, the
radio engineer’s life at NBS would never be the same.
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Andrew Gray, in his biography of Lord Kelvin, his mentor and in whose footsteps he
followed as a professor of natural philosophy, wrote:

The discoveries of the experimentalist who finds a new element of hitherto
undreamed-of properties attract world-wide attention, and the glory of the
achievement is deservedly great. But the patient, plodding work which
gives a universal system of units and related standards, and which enables
a great physical subject like electricity and magnetism to rise from a mere
enumeration of qualitative results to a science of the most delicate and
exact measurement, and to find its practical applications in all the affairs
of daily life and commerce, is equally deserving of the admiration and
gratitude of mankind. Yet it receives little or no recognition.

Yet it has been in this profession of the measurement art that NBS has gained wide
recognition—for its development of standards and precision measurement techniques at
radio frequencies. As an example, the course of frequency measurements extends from the
calibration of a wavemeter in 1911 to the latest developments in atomic frequency
standards, with an increase in measurement accuracy of more than 100-billionfold!

Two events less than a year apart, and both external to the NBS, had a marked
influence upon future programs of the Radio Section.

The first was the initial experiment on July 28, 1925, by Breit (formerly of the Radio
Section) and Tuve of the Carnegie Institution of Washington, whereby the ionosphere was
“sounded” by a new and more direct method, later further developed in the Radio Section
by Theodore Gilliland. The result was the ionosonde. In the Radio Section and the Central
Radio Propagation Laboratory the ionosonde proved to be an observational technique for
very extensive studies of the ionosphere. Forecasting of radio transmission via the
ionosphere resulted from these studies.

The second event was the signing of the Air Commerce Act by President Coolidge on
May 20, 1926. At the time, it was called the “legislative cornerstone for the development of
commercial aviation in America.” The Act led to the creation of the Aeronautics Branch of
the Department of Commerce and, in turn, to the revitalization of the NBS air beacon
system developed by Francis Dunmore, and then to the blind landing system mainly
developed by Harry Diamond. A complete air navigation system by use of radio was
demonstrated by the Radio Section, first on September 5, 1931, and then, over a long
distance under adverse weather conditions, on March 20, 1933.

The phenomenal growths of radio and its handmaiden, electronics, left their stamp
upon the growth of NBS. The Radio Section largely spawned the ordnance development
program (radio proximity fuze) at NBS during the World War II period which, in turn,
spawned the electronic computer program and the electronics programs at NBS. In 1946 the
Radio Section was reorganized to form the Central Radio Propagation Laboratory (Radio
Division) which eventually developed into seven technical divisions of NBS.

In other documents it has been noted that four Bureau programs have been associated
with Nobel Prize work on the outside. However, little attention has been called to three
persons, one a former member of the Radio Section and two who were long-term consultants
to the Microwave Standards Section, who later became Nobel Prize winners in physics. It is
noteworthy that all three were associated with frequency standards projects. Walter H.
Brattain, a member of the Radio Section, aided in the development of a portable quartz
frequency standard in 1930. Charles H. Townes and Polykarp Kusch provided expertise to
the atomic frequency standards projects during the early years of development at NBS. (One
other NBS worker, Robert Hofstader, became a Nobel Prize winner after his association
with NBS during World War II.)

In viewing the 70 years of radio science, technology, standards, and measurement at NBS,
the achievements, and especially the achievements that have added to the total sum of sci-
entific knowledge, can be ascertained from a viewpoint expressed by Ernest F. W.
Alexanderson, a well-known radio engineer of former years. Writing on “Central Stations for
Radio Communication” in the April 1921 issue of the Proc. IRE, he stated:

Radio achievements are often referred to as belonging in the realm of
mystery, and it is indeed wonderful that we are now able to speak with a
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voice that carries thru empty space across the oceans. Whenever knowledge
conquers a new force of nature for the use of humanity, it ceases to be a
mystery, but the pursuit of this knowledge makes an even greater appeal to
the imagination.

Thus, we believe that the title of this historical account, ACHIEVEMENT IN RADIO, is a
good choice, although it did not stem directly from the statement of Alexanderson, and the
subtitle, Seventy Years of Radio Science, Technology, Standards, and Measurement at the
National Bureau of Standards, could be just the shortest summary of our story. Interesting,
however, is the fact that the word “radio” has all but disappeared in usage by NBS and by the
groups that separated from NBS in 1965. Although the term “radio science” remains, today’s
language is much that of electromagnetics, electronics, telecommunications, wave propaga-
tion, and related terminology. Such is the trend of a science and technology and, indeed, of a
language itself.

Lastly, one might quote Alistair Cooke’s view of the historian: “A wise historian stops
20 or 30 years before his own time because, like the rest of us, he can’t see the wood for the
trees.” The authors did not heed this admonition, rightly, we think, for thus the present
generation of fellow workers will be able to read of their own achievements in radio.
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THE AUTHORS’ INTRODUCTION

As noted in the PREFACE, the incentive for writing this historical account of the radio
work of the National Bureau of Standards stems much from Cochrane’s definitive history of
NBS, Measures for Progress. Little if any material has been lifted from Cochrane’s history.
However, references are made occasionally to his book because of his more general
treatment and, again, to specific treatments that need not be repeated in this account.

There is a “uniqueness” in the situation of the authors who have written this historical
account. Although we entered NBS in the same year (1927), one (WFS) entered the Sound
Section as a physicist, the other (CLB) entered the Detergent, Cement, and Corrosion Section
as a chemist.

During World War II Snyder transferred to the Radio Section and Bragaw to the
Information Section. Later, both of us became staff members of the Central Radio
Propagation Laboratory (CRPL), Snyder at the time of organization in 1946, Bragaw in 1955
at Boulder, Colo.

Except for Kolster, Snyder was personally acquainted with the early workers of the
former Radio Section and, of course, with many of those of the CRPL. Bragaw, in his
Information Section activities, had a wide acquaintance with the CRPL staff. It can be said
that “we were on the scene” and “experienced” the past. Although the project was initiated
and largely written by Snyder (see PREFACE), Bragaw was, from the beginning, much
occupied in researches and editorial reading. Later he took on the writing of chapters XII,
XV, XX, and Appendix E, areas where he was well acquainted with the subject matter.

In a sense, the writing of Achievement in Radio was a matter of “putting it all
together,” yet the material had to be searched for, sifted out, organized, and then written
down. Our sources of information are listed in appendix F; the individual items totaling in
the thousands (30,000 photographs, for example). The published writings of the radio work of
NBS comprise approximately 3680 papers plus hundreds of papers that are not listed in the
open literature.

We have taken the stance in our subject treatments to stress “firsts” or ‘‘beginnings” in
the matter of looking back, back, back to the origin of a theory, the original concept of an
instrument or a technique, or an event that “triggered” a series of events or a project.
Whole books have been written on “firsts” (e.g., Kane: Famous First Facts). We could class a
sizeable portion of our writings to be in the area of incunabula.

As much as possible, the occurrences of events and actions are given to the date of the
month as well as the year. However, not all records were dated in this detail; also, some
events extend over a period of time and cannot be pin-pointed to a specific day. Duration of
projects is usually given by calendar years, but sometimes by fiscal years because of annual
reports having been prepared to cover periods extending from July 1 through June 30.

Completion times for various chapters have spanned a period of several years. Thus,
programs that have extended to recent times (and to the present) have had different cutoff
times of their writing. For example, chapter VIII was terminated at the close of 1976,
whereas chapter XV was terminated in 1978.

The detailed information given in Monthly Reports of the Radio Section (until the
formation of the CRPL in 1946) allowed for the inclusion of personnel information (entrance,
transfer, and departure dates; also institutional affiliations prior or subsequent to
association with NBS) to be stated, usually in footnotes. This was our practice until the
writings encountered the period beginning with World War II, after which there was a great
influx of entrants that continued into the early 1960’s. The biographical accounts of several
staff members have been treated extensively, particularly that of Dellinger in appendix D
and of Austin in chapter II. Austin’s “sojourn” of 28 years at NBS was so unusual (and
misunderstood) that it bore treatment of considerable length.
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As much as possible our writing has been in a narrative style, except in the
introductory chapter (ch. I), in the WWV portion of chapter VIII, and in most of the
appendices. Possibly to the consternation of some readers, our account is loaded with
hundreds of footnotes, plus lists of literature references. But these lend themselves for
documentation of the history. (Cochrane’s Measures for Progress contains 1252 footnotes!)
The footnotes serve as explanatory material or material of somewhat less importance than
the text. However, we do invite the reader to peruse all of the footnotes—they contain many
items of interesting or clarifying material.

Use of “NBS” and “Bureau” are resorted to many times for sake of brevity. The full
name, ‘“National Bureau of Standards,” may be correctly used for the period 1901-1903 and,
again, for the period 1934 to the present. The shorter name, “Bureau of Standards,” is
properly confined to the period of 1903-1934 (see Cochrane, Measures for Progress, pp. 47,
541).

In the early years of radio communication the reciprocal relation of wavelength and
frequency was usually expressed in wavelength only and by the metric unit “meter.” It was
not until the early days of broadcasting that, in 1923, after recommendation by the Second
National Radio Conference (Washington, D.C.), the Department of Commerce introduced the
term “kilocycles per second” for frequency and dissuaded the use of wavelength. This
deteriorated to “kilocycles,” and even the Radio Section was not immune to this improper
usage. In the spring of 1964 NBS adopted the policy of using the International System of
Units (SD in all publications. Some individuals and small groups were reluctant to adopt
some of the new terminology, particularly that of replacing ‘“cycles per second” with
“hertz.” For a time a consoling message on one of the Boulder Laboratories’ bulletin boards
read, “It only hertz for a little while.”

During the planning stages of this history, a “miscellany’” chapter was included in the
outline. Had we developed it, subjects covered would have included NBS and Boulder
Laboratories anniversaries, open houses, Science Fairs, employee associations, and the shops
and plant operations. For several reasons, their coverage was dropped. Most of the subjects
were associated with activities and operations after the move to Boulder in 1954 and were
well covered in issues of The Bureau Drawer, and later, in the NBS Standard.

For complete listings of publications by NBS personnel relating to radio subjects one
must refer to the many listings that have appeared in various formats since 1922. All papers
that have appeared in NBS publications are listed in the many volumes of Publications of
NBS. The number of items in these listings is so extensive (3680 publications, see app. F,
footnote 4) that the cost of inclusion herein would have been prohibitive.

The authors were given complete freedom in the format for literature citations.
Hopefully, we have selected well. Our choice was to use italics for citations of referenceable
materials (open literature), including periodicals, the NBS non-periodical series, and books.
However, specific titles in the NBS non-periodical series are given in roman type and
enclosed in quotes. Roman type is also used for citations of non-referenceable materials
(including internal documents and items of restricted circulation).

We have included complete coverage of Department of Commerce awards for scientific
achievements. Coverage of many other awards and honors that have come to NBS personnel
for achievements in radio science and measurements was not attempted, and, except for the
biography of Dellinger, in appendix D, no biographical sketches, per se, appear in this
account. Such can be read in the American Men and Women of Science and in the various
publications of the Institute of Electrical and Electronics Engineers (formerly the IRE and
the AIEE). Portraits are included in the latter sources.

Many persons have made valuable contributions to this project and we take this
opportunity of acknowledging the sharing of their knowledge and experience and their
assistance in locating and obtaining information. The diversity of their contributions is
matched by the project itself. During the first 3 years of research and writing, Violet F.
Immel of the Library staff (Department of Commerce, Boulder) gave inestimable assistance
to the project after retiring and living in Alexandria, Va. She diligently searched records in
the National Archives and the Library of Congress and at NBS Gaithersburg, Md. All was
done without remuneration of any kind—she loved the task. “Vi” died on New Year’s Eve
1974. We then depended upon Walter W. Weinstein (deceased), historical information special-
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ist at NBS Gaithersburg. He too, diligently searched for materials in the Washington area at
our beck and call, and often turned up the unexpected.

For information contained in the records of the Boulder Laboratories, including those
on organization and administration actions, we depended upon the services of Yvonne C.
Stahnke and, later, of John W. Camenga, both of the Records Management Office. Their
services were very helpful.

We heartily commend the staff of the Department of Commerce Library (Boulder) for
the searching of fragmented information, books and other publications on a nationwide
scale in order to furnish us with a cross section of the “grist” and documentation that we
required for our project. And especially do we thank Shirley A. Alldredge (deceased) of the
library staff for the efforts of many hours that she gave to the project, and, also, Jane L.
Watterson for the aids that she furnished for methods of indexing.

In the preparation of chapter XIX, the “scrapbooks” on the Boulder Laboratories
assembled by Francis (“Franny”) W. Reich, longtime secretary of the Boulder Chamber of
Commerce, were most valuable. We are indebted to the local Chamber for the loan of these
items that overflow with information.

Editorial review, a required process in the publication of a paper or book by NBS staff
members, was a twofold process in preparing this history for publication. The first step was
approval for publication by BERB (Boulder Editorial Review Board), the second step,
approval by the Institute for Basic Standards (previous to March 1978). Our gratitude goes
to Dr. Stephen Jarvis, Jr., chairman of BERB, who read and steered our writings through
BERB processing. Qur gratitude extends to each of the BERB editorial reviewers who
carefully read a certain portion of our writings with regard to acceptability for publication.
Each reviewer was selected on the basis of a superior knowledge of the subject matter and,
or, having “lived” the events and contributed to the achievements of the period covered. Dr.
Chester H. Page was selected as the editorial reviewer at the Institute level. Page was
formerly chief of the Electricity Division, and, later, coordinator of International
Standardization Activities of the Institute.

The BERB reviewers are listed below, with notations of the portion of the account that
each reviewed: chapter I, L. Yardley Beers; chapters II and III, Percival D. Lowell; chapter IV,
Elizabeth M. Zandonini; chapter V, C. McKay Allred; chapter VI, Wilbur S. Hinman, Jr.;
chapter VII, Newbern Smith; chapter VIII, Byron E. Blair (deceased); chapter IX, Charles L.
Bragaw (previous to being coauthor); chapter X, Roy E. Larson; chapter XI, Thomas N. Gautier;
chapter XII, Jack W. Herbstreit; chapter XIII, Robert S. Kirby; chapter XIV, C. Gordon Little;
chapter XV, L. Yardley Beers; chapter XVI and appendix A, John L. Dalke; chapter XVII and
appendix B, Ernest K. Smith; chapter XVIII, Eldred C. Wolzien; chapter XIX, Paul S. Ballif;
chapter XX, Jack A. Kemper; appendix C, Arthur R. Hauler; appendix D, Alan H. Shapley;
appendix E, E. J. Pawlikowski; appendix F, Joan M. Maier; appendix G, Richard Silberstein;
Preface and Authors’ Introduction, L. Kenneth Armstrong.

The authors wish to acknowledge the suggestions made by Francis P. Phelps (deceased)
upon careful reading of the first 10 chapters.

To Wilbur J. Anson, chief of the former Electromagnetic Metrology Information Center,
goes the credit for steering a course through the project-handling procedures during the first
5 years; then to Ralph F. Desch (deceased), Program Information Office and to Charles K. S.
Miller, Chief of the Electromagnetic Fields Division, during the later years.

During the final years of writing, Shirley G. Deeg of the Program Information Office gave
valuable assistance in preparation of the manuscript for publication. For this service the
authors are especially grateful.

In addition to the many thousands of photographs (and hundreds of negatives) obtained
from Government repositories (see app. F), credits for the use of photographs from other
collections are extended to Mary Ellen Johnson and to Russell B. Stoner of the Institute for
Telecommunication Sciences, and to the Boulder Daily Camera; also the services performed
by personnel of the Boulder Laboratories Photographic Laboratory, especially by Mary E.
Henneke for searching out negatives, and by Raymond C. Lawson for being helpful in
processing the many requests for photographic searches and services. Credit is extended to
the International Telecommunication Union for furnishing copies of the portraits used in
chapter I; also to Frank Reggia (formerly of NBS) of the Harry Diamond Laboratories for
furnishing a photograph (see p. 320) of the bronze plaque in memory of Harry Diamond.
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Credit is also extended to Edward R. Schiffmacher of NOAA who supplied us with a
collection of photographs on the series of NBS Model C ionosondes.

The “mechanics” of preparation for the printing of so large a volume and so many photo-
graphs become quite involved. The typing of the voluminous draft was no small task, and all
the more so when extended over a period of 7 years. The authors acknowledge with gratitude
the typing services of Shir Lee Brubaker (called back to NBS years later after having served
as secretary to the chief of the former Microwave Circuit Standards Section) for the laborious
task of “‘deciphering” the material on thousands of none too legible handwritten sheets that
made up the original manuscript. We are very grateful to W. Reeves Tilley, former chief of the
Technical Information and Publications Division (Gaithersburg), to Patricia W. Berger, chief
of the Information Resources and Services Division (Gaithersburg), and especially to her
Electronic Typesetting staff, directed by Rebecca J. Morehouse, for their generous assistance
in editing, layout and design, retyping and coding the manuscript for typesetting via photo-
composition, and finally merging all the pieces into a complete package for printing.

No historical account worth its salt should be without an adequate index. Hopefully, we
have provided such, and coming to our assistance in making up the indexing trio was Doris
Schaffner. By means of a word processing technique, she was able to assemble the “indexing
cards” in alphabetical sequence at an exceptionally fast pace.

Te obtain the drawing that adorns the cover of our book we enticed Rudolph Townsend
of the Boulder Laboratories toward applying his skilled artistry. For the pleasing result we
thank “Rudy.”

There existed among recent staff members at the Boulder Laboratories and among a
few retirees a large fund of knowledge that was tapped for general or specific information
relating to various subjects of our historical account. Although our amalgamated listing
(found below) of those who contributed may lack completeness, our gratitude goes to those
who made solid contributions as well as those who supplied only fragmentary information
and are not listed. Contributors: David W. Allan, Vaughn L. Agy, Dana K. Bailey, Paul S.
Ballif, Ross Bateman, Robert W. Beatty, L. Yardley Beers, Byron E. Blair (deceased), Edwin
F. Florman, Roy Garstang (JILA, University of Colorado), William Hakkarinen, Donald
Halford, Jack W. Herbstreit, James L. Jesperson, Robert S. Kirby, J. Virginia Lincoln,
Percival D. Lowell, John B. Milton, Staff Office of the NBS Patent Advisor, Francis P.
Phelps (deceased), Edward R. Schiffmacher, Harry G. Sellery, John H. Shoaf, Ernest K.
Smith, Newbern Smith, Stephen J. Smith, Arthur D. Spaulding, George R. Sugar, John J.
Tary, Lowell H. Tveten, Peter P. Viezbicke, Clark C. Watterson, and Elizabeth Zandonini.

During the course of preparing this historical account we now and then encountered
incorrectness of statements, inconsistencies in records, and the like. Such will be the
experience of a researcher when he encounters the records of human endeavor. If errors
were suspected, they were subjected to careful analysis and multichecked for correction. In
this we hope that we have generally succeeded—for “writing maketh an exact man.”
Although the history has been the subject of considerable editorial review and other
“exposures,” its correctness for factual information must finally be the responsibility of the
authors.
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Chapter 1

MAN’S QUEST TO COMMUNICATE THROUGH SPACE

RADIO—-ITS SPHERE OF INFLUENCE

To most people the word “radio” means the broadcasting of speech and music, and to a
lesser extent, communication with or between moving vehicles such as automobiles, ships,
and planes. Yet from the rapid development of radio during the period from the late 1800’s
to the present time has come a host of devices and techniques that have had their impact on
the scientific world and upon society. Hertz’s interest was primarily that of demonstrating
experimentally in the laboratory the actions of electromagnetic waves predicted
mathematically by Maxwell nearly 20 years earlier. Little did the early investigators dream
that radio would be used some day to probe the heavens into outer space and, again, to
probe the interior of the atom. The driving force in the efforts of Marconi and his
contemporaries was to develop a means of communicating over long distances without
benefit of wires. They called it “wireless.”

COMMUNICATIONS—AND BEYOND

Probably man’s earliest form of communication was by sounds, and most likely they
were animal-like utterances. These sounds gradually developed into the speech of modern
man that uses language as a code. However, man also learned to communicate through the
means of visual signals. At close range he used his hands and arms. For greater distances he
learned to use semaphores, flags, the heliograph, and at night, lights. Smoke signals were
very limited in the message content they could carry.

Over long distances sound and visual signals could be relayed from station to station. If
speed of transmitting the signal was not too important, men could send an oral or written
message over long distances by runners or riders on horseback operating in relays. Postal
systems carried messages over land, sea, and finally through the air.

With the development of electrical technology came the telegraph and then the
telephone, first over land wire then by submarine cable. Although transmission of messages
had not reached the speed of light, the increase in speed was enormous over that of previous
modes of transmission. Not satisfied with the transmission of speech only, the telephone
engineers learned to transmit pictures over their systems, and still later learned to transmit
computer signals at a very high rate.

Near the close of the 19th century men were able to transmit signals over short
distances without the use of wires; then in 1901, Marconi spanned the Atlantic Ocean. Speed
of transmission now reached the speed of light. Messages were first sent by telegraphic code;
then came voice transmission. Facsimile transmission soon followed. Then came the
broadcasting of music for entertainment and of speech to keep us abreast of the world.
Television was not far away. Improved techniques of handling the “flying spot” of light
quickly gave way to television as we experience it today.

But radio was destined to be a powerful tool in the hands of man to probe the secrets of
Nature and to serve a multitude of uses in new technologies. He was to develop a frequency
range of generating and detecting oscillations for communication that would cover
approximately 25 octaves (10* to 3 10" Hz).



We have learned to transmit and receive messages in space at distances that now range
in the hundreds of millions of miles. Yet using the techniques of microwave spectroscopy we
can probe the inner realm of the atom. Using a related technique we have developed clocks
that have an accuracy in timekeeping of the order of 1x107". Radio techniques permit us to
probe the Earth’s upper atmosphere in order to learn of its locked-up secrets. In return, we
have learned how to use the ionosphere to the maximum advantage in transmitting our
messages from point to point over the entire world. The techniques of radio astronomy
permit us to search the regions of interstellar space for “signal” information that reveals
the character of energy that radiated millions of years ago.

Radio telemetry has given us the means of placing our observation instruments a short
or great distance from the location at which we want to record the observations. By means
of radio we can control mechanical movements and the operation of electrical devices at
distances that are in terms of the Sun’s planetary system.

Without radio navigation our air traffic would be limited to almost ‘“hedge-hopping.”
Only through the means of radio can we move in three dimensions with safety and with
accurate knowledge of where we are in reference to fixed points on the Earth and to moving
objects above the Earth’s surface. Moreover, radio lends a hand in giving us accurate
information on the weather, operational information to the pilot of a plane, or information
for tomorrow’s outing.

In this realm of radio, it is rather interesting how we came to use the word that is so
common around the world. The word “radio” appears to have come into existence by a
shortening of the term “radioconductor,” used first in 1897 by Branly in naming the device
he had developed, which is better known as a coherer [1]. This device was first developed by
Branly in 1891 as a means of controlling the conduction in an electrical circuit. Marconi was
quick to apply it as a fairly sensitive detector in his early radio experiments. The British
magazine Tid-Bits, in its May 1898 issue, made reference to the word “radioconductor” in
describing some of Marconi’s early work [2]. But the British were reluctant in giving up the
word “wireless” in lieu of “radio” which soon came into popular usage in the United States.
In 1912 the U.S. Navy directed the use of the term “radio” in lieu of “wireless.”

A CHRONOLOGY OF EVENTS AND LANDMARKS IN THE
DEVELOPMENT OF RADIO™
1819-1976

There are observations of electricity and magnetism that go back into antiquity (e.g.,
the curious properties of amber and lodestone, and the phenomena associated with
lightning); however, these are not directly associated with manmade electromagnetic
radiation. The same is true of electric and magnetic observations made previous to 1800. But
beginning with Oersted’s observation in 1819 of the magnetic properties of an electric
current, we can trace the development of radio principles more or less directly.

1819 Hans Christian Oersted (Denmark) observed magnetic properties of electric
current.

! Guidance to material for this chronology came from a number of sources of a general chronological nature, plus
literature references that are specifically indicated (3-8].

21t is the author’s (WFS) intent in presenting a chronology of radio in connection with the contents of this book that
emphasis be given to the scientific discoveries and technical achievements associated with the development of
radio. However, events associated with the “first” uses of radio in man’s affairs are noted because of significant
historical importance.

3 Dates of discovery or recognition of an invention, novel use of a device or system, or of a principle, can vary among
historians, reports, et al. Different criteria can be used, such as: (a) date of filing for patent; (b) date of granting a
patent; (c) publication date; (d) public announcement or demonstration; and (e) concept of idea as indicated in a
notebook or other record. Other sources of confusion are misinterpretation of dates by historians and other writers
and errors in ascribing dates. It will be found in making comparisons of dates of events given in the references
noted in footnote 1 that these dates are not always in agreement among writers of the chronologies, for reasons
stated above. When dates are in disagreement among the various chronologies, the author has traced down the
original material or has cited the specific circumstances of the event involved, or he has given an explanatory note.
*When a name is first introduced in this chronology, the person’s native land is indicated unless he had been
Americanized the greater part of his life. All are Americans where no native land is indicated.
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1821

1825

1831

1833

1838
1842

1844

1846
1849

André M. Ampére (France) established the relationship between electricity and
magnetism.

Georg Simon Ohm (Germany) propounded the relation R=E/I which came to be
known as Ohm’s Law.

Michael Faraday (England) and Joseph Henry engaged simultaneously in the study
of electromagnetic induction. Faraday’s publication in November 1831 preceded
Henry’s by a few months.

Michael Faraday observed the “extraordinary” increase in current through silver
sulphide with temperature, indicating that the substance had a negative
temperature coefficient of resistance. Faraday was observing a property associated
with semiconductors.®

Samuel F. B. Morse applied for a U.S. patent on the telegraph.

Alexander Bain’s (England) electrochemical recording telegraph established the
basic principles of facsimile recording.

Joseph Henry discovered that condenser discharges from Leyden jars are
oscillatory [9-11].° (Note: The effect noted by Henry was probably by induction, with
little or none of the action of electromagnetic radiation.)

Morse transmitted his famous message “What hath God wrought” by telegraph
between Washington, D.C. and Baltimore, Md. on May 24.7

Faraday speculated on the electromagnetic theory of light [1Z].

John Walker Wilkins (England), a pioneer in telegraphy, predicted the possibility of
“wireless” telegraphy.

®M. G. Scroggie, in his Principles of Semiconductors, revised 1961 ed., Illife Books, Ltd., London, states on p- 2 that
“The rectifying properties of certain solid substances were discovered as long ago as 1835, by Munk Af.
Rosenshold.” Contact by the author with Scroggie (England) failed to locate the source of this information because
of inaccessibility of the files containing the reference to Rosenshold.

® Henry also reported the effect of magnetizing needles at considerable distances by the discharge of Leyden jars.

7 Although Morse has received public acclaim for development of or inventing the telegraph, there were others who
pioneered in the development of the telegraph, either before or contemporary with the development work of Morse.
A listing would include Wheatstone of England, Stienheil of the European Continent, Baron Schilling of Russia,
Marshall of Scotland, and Joseph Henry of the United States.

Michael Faraday William Thomson (Lord Kelvin)
1791-1867 1824-1907



1853 Lord Kelvin (William Thomson, Scotland) published a paper on a mathematical
analysis of transient electric current that explained the oscillatory nature of
discharges from Leyden jars (phials) [13].}

1857 Heinrich Geissler (Germany) demonstrated the effect of high voltage on gases in a
partial vacuum.’

1858 First transatlantic cable in operation. This cable failed after several weeks; the first
successful cable was laid in 1866.

1864 James Clerk Maxwell (Scotland) was the first to establish a fundamental concept of
electromagnetic waves by mathematical reasoning, his work resulting in
“Maxwell’s equations” which indicated the existence of electromagnetic waves that
were later demonstrated by Hertz [14]."

1872 Mahlon Loomis was issued the first U.S. patent for a wireless system."

1874 Karl Ferdinand Braun (Germany) observed the directional properties of current
flow in galena, copper pyrites, and other crystalline substances that eventually
came to be used for fairly sensitive crystal detectors.

8From Lord Kelvin’s mathematical analysis of the oscillatory nature of a condenser discharge, expressed as the
interval of time between peak currents of the oscillations, can be deduced the now familiar relation of
f=(1/2rVLC), or when resistance of the circuit is considered, f=(1/2m)(1/LCR?/4L*]"* for damped oscillations.
It is interesting to note that Kelvin used the term “electrodynamic capacity” for what came to be called
“inductance.”

°In 1838 Faraday had reported observations on luminous discharges created by high voltage in rarefied gases
contained in a glass vessel. He gave some thought to what the conduction might be if he had a perfect vacuum.

10 Maxwell’s treatment of electrical units on the basis of the absolute (base) units of mass, length, and time in
relationships of dimensional analysis (‘‘dimensional equations”—Maxwell) led him to the equation v=(1/Vkp), the
velocity of light. This velocity of approximately 3 10'° cm/s gave the relationship between the electrostatic and
electromagnetic systems of units. In addition, it led Maxwell to the belief that light was a form of electromagnetic
radiation.

Maxwell’s lengthy paper on “The Dynamical Theory of the Electromagnetic Field” was read by him to the
Royal Society of London on December 8, 1864. The paper was published in the Philosophical Transactions of the
Royal Society of London [14), Vol. CLV, 1865, pp. 459-472. In this paper Maxwell’s famous equations appeared in
differential form whereas, today, they usually appear in the more familiar vector algebra form. These equations are
the foundation upon which much of the modern treatment of the propagation of electromagnetic waves is based,
whether in waveguide, open lines, or in free space. Maxwell arrived at the results contained in his 1864 paper on
the basis of work that he read at the Cambridge Philosophical Society as early as 1855. The early work was an
outgrowth of his study of Faraday’s experimental research on electromagnetic induction. Maxwell gave a complete
account of these papers in his now famous two-volume Treatise on Electricity and Magnetism, first published in
1873, and in two later editions.

! Beginning in 1864, Dr. Mahlon Loomis, a Washington, D.C. dentist, planned a system of transmitting and
receiving signals by a combination of the Earth as a ground and an antenna elevated at a considerable height above
the Earth.

Loomis was successful in sending and receiving signals between two locations on mountaintops 18 miles apart
in the Blue Ridge Mountains west of Washington, D.C. in October 1866. For an antenna Loomis used a 600-foot
length of copper wire that was elevated by a kite, the wire serving as the kite string. On the kite was a small
square of fine copper wire gauze connected to the copper wire. No doubt it served as a slight additional capacitance
leading to the antenna. Although a spark was obtained without a battery (upon keying the circuit), its strength, or
even its existence, was very dependent upon the conditions of atmospheric electricity and, therefore, was dependent
upon the weather. For a receiver Loomis used a magnetic-needle galvanometer. Had a coherer or crystal detector
been available at the time, his receiver would have been far more sensitive. By using the same length of wire at
each of the two stations, Loomis obtained a degree of tuning (for resonance) between the two systems, either
knowingly or unknowingly. There were no other provisions for tuning the antenna circuits.

Although Loomis had some of the rudiments of a wireless system, it was far from a practical system. It is
possible that he was using a system that combined both the induction principle as well as a system that radiated
true but highly damped electromagnetic waves from spark discharges. The world had to wait until nearly the end
of the 19th century for Marconi to develop a practical system of wireless telegraphy.

Lack of funds, including rejection of pleas to Congress for support, dogged Loomis in his experiments the
remainder of his life.



1876 Alexander Graham Bell was issued a U.S. patent on the telephone. It was
demonstrated publicly at the Centennial Exhibition in Philadelphia, Pa.

A plethora of reports appeared in 1876 describing the transmission and reception
of oscillatory spark discharges over short distances.’”

1878 William Crookes (England) demonstrated the properties of cathode rays."

David E. Hughes, an American experimenting in London, demonstrated the
transmission of signals over short distances in much the same manner as Edison, E.
Thomson, and S. P. Thomson. His detection system, consisting of a steel needle and
carbon block, was a precursor of the coherer.

1880 The Curie brothers, Jacques and Pierre (France), discovered the piezoelectric
property of quartz crystals.

1882 Amos E. Dolbear was granted several U.S. patents for a ‘“wireless” telephone
system.!

1883 Thomas A. Edison observed the thermionic effect of an electric current passing
across the evacuated space in an incandescent lamp from the hot filament to a cold
metallic plate. The “Edison effect” was destined to give birth to many types of
thermionic vacuum tubes in the 20th century.

1884 Paul Nipkow (Germany) was granted a German patent for inventing the
mechanical scanning disk which was adapted to many types of television systems to
be developed in the 1920’s.

John Henry Poynting (England) published his well-known theorem on the flow of
energy in an electromagnetic wave or in a current passing through a conductor as
being proportional to the vector product of the electric and magnetic fields [15].

1886 Heinrich Hertz (Germany) began his studies of verifying experimentally the
existence of electromagnetic waves, thus confirming the theory set forth by
Maxwell in 1864 [16].)%!¢

1890 Edouard Branly (France) developed the coherer, which was to be used extensively
as a detector of radio waves during the first few years of practical radio telegraphy
(1717

2 Thomas A. Edison, Elihu Thomson, and Silvanus P. Thomson (England) reported on experiments conducted with
spark discharges, with some reports dating back to 1871. These investigations were probably closer to “wireless”
with radiated electromagnetic waves than anyone realized until many years after their experiments were
completed in the early 1870’s. See reference [7], Vol. 5, Aug. 1968.

3The pinkish rays of light produced by Crookes in an evacuated glass tube, fitted with metal electrodes at each
end, was an indication of invisible particles causing the illumination. It was a step beyond what Geissler had first
attained in 1857.

"“This “wireless” system incorporated a condenser-type microphone that served as a telephone transmitter. Dolbear
demonstrated his system in a paper read before the Society of Telegraph Engineers and of Electricians, London, in
1882. This and other demonstrations gave some indication that Dolbear was transmitting telephone messages by
electromagnetic waves; probably there was a combination of both induction and radiation in the transmission.

1S Hertz’s papers on electromagnetic waves were published over a period of several years, beginning in 1887. By
means of discharges from Leyden jars on a Holtz machine (type of static machine with one rotating disc), Hertz
observed the reflection and refraction of electromagnetic waves. His “detector’” was a wire loop with a small gap,
across which could be observed faint sparks caused by radiation from the nearby source. Such a detector was too
insensitive for practical telegraphy. Hertz died in 1894, and did not see the practical fruition of his experimental
research, but he had confirmed Maxwell’s theory.

An interesting account of Hertz’s research, including a list of references is found in reference [7], Vol. 5, Dec.
1968.

*In later years Heinrich Hertz was honored as the pioneer in experimental radio by use of the term “hertz,” with
contraction to “Hz,” as a means of simplifying the term “cycles per second.”

" Sir Oliver Lodge (England) used the coherer as a detector in demonstrating Hertz’s experiments in place of the
spark gap in a loop of wire. It remained for Marconi to use the coherer (with some improvements in sensitivity over
that of Branly’s instrument) as a detector which spelled his success in a practical system of radio telegraphy.
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James Clerk Maxwell Heinrich Rudolf Hertz
1831-1879 1857-1894

1895 Guglielmo Marconi (Italy) had success in the spring of 1895 in transmitting signals
up to distances of 2.4 km at his father’s estate near Bologna, Italy, using a spark
coil as the transmitter and a coherer as a detector.

Alexandr S. Popov (Russia) demonstrated a wireless system to the Russian
Physico-Chemical Society on May 7, 1895, at St. Petersburg, using a source similar
to that used by Hertz, and a coherer modeled after Branly’s device.'*"

Wilhelm Conrad Roentgen (Germany) discovered X rays on November 8, 1895.

1896 Marconi filed for a British patent on June 2 for a system of wireless telegraphy. In
September, Marconi transmitted and received signals over a distance of 2 miles on
the Salisbury Plain in England.

1897 Marconi was granted a U.S. patent on July 13 for his system of wireless telegraphy.

Karl Ferdinand Braun (Germany) constructed the first cathode-ray tube for use
as an oscilloscope—a forerunner to the modern TV viewing tube.

During the same year, Braun devised a wireless telegraph system using inductive
antenna coupling in a spark transmitter and resonant-circuit tuning in the
receiver. Braun also replaced the coherer with the more efficient crystal type of
detector. In 1909 he was to share the Nobel Prize in Physics with Marconi for the
development of wireless telegraphy.

Adolph K. H. Slaby (Germany) brought out a book describing a wireless
telegraph system that he developed that was capable of carrying signals over a

BA very interesting and detailed critique of the beginning of radio telegraphy in the roles played by Lodge,
Marconi, and Popov is given in reference [18].

9 Credits and countercredits on priority of invention or discovery are not uncommon in the realm of science and
technology. Such had been the situation of Marconi and Popov with radio telegraphy. So it was in the patents for
the telephone; Gray and Bell applied for patents on the same day (February 14, 1876).

The discovery of electric induction by Henry and by Faraday more or less simultaneously grew out of studies
by these two men over a period of time.

Adams of England first calculated the position of the planet Neptune, but observation of its position was
delayed by the Greenwich Observatory. Although the Frenchman Leverrier calculated the position of Neptune at a
later date than that of Adams, its observed position through the cooperation of the German astronomer Galle came
earlier than the Greenwich observation.



1898

distance of more than 10 miles. Slaby set up a firm to manufacture wireless
equipment.

Joseph John Thomson (England), director of Cavendish Laboratory, Cambridge
University, identified cathode rays as extremely small charged particles, electrons.
Sir Thomson received the 1906 Nobel Prize in Physics “for his theoretical and
experimental investigations into the transmission of electricity through gases.”

Michael I. Pupin was granted a U.S. patent for an electrolytic detector.

Oliver Lodge was granted a U.S. patent for a method of tuning radio circuits.
Others who developed tuning circuits at this period were Marconi and Muirhead in
England, Slaby and Braun in Germany, and John S. Stone in the United States.

Edouard Branly Guglielmo Marconi
1844-1940 1874-1937

Aleksandr-Stephanovich Popov Oliver Joseph Lodge
1859-1905 1851-1940




1899 Marconi communicated by wireless telegraphy across the English Channel on
March 27, a first time for the mode of communication.

The first distress signal by wireless was sent by the East Goodwin Sands
lightship off the English coast after being struck by the steamship R. F. Mathews.

The first American radio company was incorporated, the American Wireless
Telephone and Telegraph Co.

The Marconi Wireless Telegraph Co. of America was organized on November 22.

1900 John S. Stone applied for a U.S. patent on a radio tuning device, February 8.

Marconi was granted a British patent for tuned circuits incorporating
inductively coupled resonant circuits with capacitative tuning. The famous patent,
bearing No. 7777, was granted on April 26. The tuned circuitry was the forebear of
most tuning circuits to follow.

William D. Duddell (England) discovered that the electric arc could be made to
generate high-frequency oscillations.

Nikola Tesla was granted a U.S. patent on control at a distance by radio.

Reginald A. Fessenden was first to be successful in the transmission and
reception of speech, using a spark transmitter. The experiments were conducted in
December at Cobb Island, Md. [19].

1901 On September 27 Fessenden filed for a U.S. patent on a system of wireless
telephony.? On the following day, September 28, Fessenden filed for a U.S. patent
on a method of receiving undamped waves (CW) which became known as the
heterodyne method. This method was destined to become almost universally used
for the reception of radio signals.?’

Marconi succeeded in receiving the letter “S” in Morse code across the Atlantic
Ocean on December 12. The signal was transmitted from Poldhu, in southwest
England and was received at St. Johns, Newfoundland.

1902 On February 10 Cornelius D. Ehret of Philadelphia, Pa. filed for two U.S. patents
on a method of modulation by varying the resistance or reactance of an oscillator,
probably the first to state that it was a frequency-modulation method of controlling
a carrier frequency.

2 Up to the time of Fessenden’s experiments on Cobb Island, Md., and his later filing of patents relating to wireless
telephony, the development of radio was in the direction of using the “whiplash” effect of highly damped
oscillations, whereas Fessenden saw the future was in the use of continuous oscillations (CW), especially for
communication by voice and other sounds.

In his patent, filed on September 17, 1901, for “Wireless Telephony,” Fessenden made the claim, “In a system
for transmission of speech by electromagnetic waves, the combination at the sending station of means for the
practically continuous generation of electromagnetic waves, a telephone transmitter for modifying the character of
the waves or impulses (“modulation”—author), and a telephone receiver at the receiving station responsive to
currents generated by the electromagnetic waves” [20].

Fessenden developed spark transmitters (operating at high spark frequencies) and, later, high-frequency

alternators (rotating generators) that permitted him to use voice modulation on the carrier wave. For these
attainments he was awarded the Medal of Honor in 1921 by the Institute of Radio Engineers for his developments
in continuous wave telegraphy and telephony.
2 Fegsenden’s U.S. patent for the heterodyne method of receiving radio signals was titled “Localization by
generation and receiving two sets of waves of different periodicities.” One of the several claims was, “In a system of
signalling by electromagnetic waves, the combination of a source of waves of different periodicities and two or more
receivers responsive respectively to the differing waves or impulses, and a wave-responsive device operative when
the waves or impulses attain a certain predetermined phase relation” [21].

This patent was applied for on September 28, 1901, and granted on August 13, 1902, as No. 706,740. For years
afterward the patent was subject to legal investigation.

It is interesting to note that Fessenden began calling it the “heterodyne” method of reception, taking the term
“hetero” from the Greek for the “difference” frequency produced by beats between two frequencies, one the
transmitted frequency, the other being generated locally at the receiving station by a small arc transmitter
(oscillator). In later years the local oscillation was generated by a vacuum tube. It was the ease by which the
difference frequency or beat note (intermediate frequency) could be amplified (accompanied by high selectivity and
high signal-to-noise ratio in the circuitry) that gave rise to the great popularity of the superheterodyne receiver in
later years.



Marconi was granted four U.S. patents on the magnetic detector.
Kaiser Wilhelm of Germany proposed holding an international radio conference.

Marconi discovered that radio signals can be received over much longer distances
at night than during the day. Observations were made while voyaging on the SS
Philadelphia.

Arthur E. Kennelly and Oliver Heaviside (England) independently suggested
that Marconi’s success with long distance wireless reception could be explained by
reflection from an electrically conducting layer in the Earth’s upper atmosphere
[22,23]. These suggestions were to open up a vast field in radio science in future
years.

Captain Henry B. Jackson of the British Navy (later Admiral Sir and First Sea
Lord of the Admiralty) published the first extensive quantitative propagation
measurements over land and sea (Proceedings of the Royal Society, London, Vol. 70,
1902). His observations formed a pioneer study of the effect on transmission of
radio waves (approximately 1400 kHz) by atmospheric conditions, by obstacles of
different land formations, and by lightning discharges.

1903 Valdemar Poulson (Denmark) was successful in applying the electric arc as the
oscillator in high-power radio transmitters.

On April 9 Fessenden applied for a U.S. patent on the electrolytic detector,
calling the device a “liquid barretter.”

The General Electric Co. at Schenectady, N.Y. constructed the first large-scale,
high-frequency alternator for Fessenden, operating at a frequency of 10,000 Hz.2

(Preliminary) International Conference on Wireless Telegraphy convened in
Berlin, Germany.

Lee de Forest was granted a U.S. patent on a magnetic detector.

ZThe conception of the high-frequency alternator (ac generator) is due to Fessenden, with some of the later
developments contributed by Ernst F. W. Alexanderson of the General Electric Co., also by Rudolph Goldschmidt.
Fessenden built the earliest models as generators for his wireless telephone equipment. Alternators were built to
operate as high as 100,000 Hz, and at power ratings up to several hundred kilowatts, but fell into disuse with the
advent of vacuum tubes that could serve in high-power transmitters. However, the abandonment of high-frequency
alternators was a slow process, some of the machines being used as late as the World War II period.

Oliver Heaviside Lee De Forest
1850-1925 1873-1961



0. W. Richardson (England) showed that thermionic emission at saturation
current in highly evacuated vacuum tubes was from free electrons emitted by the
hot filament and was dependent upon the absolute temperature and work function
of the filament.

1904 John Ambrose Fleming (England) applied for a British patent on the two-element
vacuum tube for use as a detector [24,25].

1905 A U.S. patent was granted to Fleming on the two-element thermionic vacuum tube,
known popularly as the “Fleming valve.”?

1906 In January the first two-way transmission of messages by wireless telegraphy
across the Atlantic Ocean was carried on by Fessenden. The stations were located
at Brant Rock, Mass. and at Machrihanish in southwestern Scotland.

Ettore Bellini and Alessandro Tosi (Italy) pioneered in the development of radio
direction finders [26].

First radio conference, known as the (First) International Radiotelegraph
Conference, was held in Berlin. (A preceding conference, held in 1903, is known as
the (Preliminary) International Conference on Wireless Telegraphy.)

H. C. Dunwoody discovered rectifying properties of carborundum crystals;
Greenleaf W. Pickard discovered the rectifying properties of silicon.?

Lee de Forest invented the three-electrode thermionic vacuum tube, one of
radio’s greatest contributions [27,28].%

Fessenden transmitted music and speech with an 80-kHz alternator from Brant
Rock, Mass.; the transmission was received by ships off the Virginia coast. This
event is usually referred to as the first broadcast for entertainment.

1908 A. A. Campbell-Swinton (England) published a paper in Nature (London) that was
remarkable in its prediction of television technology as we know it today [30,31].%¢

1909 On January 23 the SS Republic collided with the SS Florida off Nantucket Island
near New York. Distress calls sent out by the radio operator of the Republic
resulted in the saving of all but six lives in the disaster. The world acclaimed the
use of radio at sea.

Marconi (Italy) and Braun (Germany) were awarded jointly the Nobel Prize in
Physics “for their development of wireless telegraphy.”

1910 On January 10 Lee de Forest used a transmitter incorporating an arc oseillator to
broadcast the voices of Enrico Caruso and Emmy Destin from backstage of the
Metropolitan Opera House. De Forest had used this system of radio telephony
several years earlier but not until 1910 had he engaged the services of such
illustrious performers in his broadcasts.

Distance observations of radiotelegraphic signals from Brant Rock, Mass., to two
U.S. Navy ships in the Atlantic Ocean resulted in the well-known Austin-Cohen
transmission formula. See chapter II, pp. 34-35.

BThe “Fleming valve” became a popular detector until the more sensitive three-element tube, developed by de
Forest, came into existence a few years later.

“These crystals, used as detectors, usually were operated in solid contact with a metal electrode, unlike the “cat
whisker” used on galena crystals. These crystal detectors were the forerunner of some of the semiconductor devices
to come in later years.

% Geveral years of experimenting with the Fleming-type vacuum tube resulted in de Forest introducing a third
electrode (grid) between the filament and plate. With the adding of a “B battery” to obtain a high potential on the
plate, de Forest had a radio detector of much greater sensitivity than that of other detectors in use at the time.

De Forest applied for a patent on his three-electrode thermionic vacuum tube as a detector of wireless
telegraphy on October 25, 1906. The patent was granted January 15, 1907, as No. 841,387. He applied for a second
patent on January 29, 1907, for use of the vacuum tube as a telephone repeater and relay. This patent was granted
on February 18, 1908, as No. 879,532. The name “audion” became very popular for the three-electrode vacuum tube,
whether used as a detector or as an amplifier. The name is attributed to one of de Forest’s assistants, and was
adopted by his engineers because “it had a pleasant, swinging sound” [29].

% Campbell-Swinton clearly indicated the fundamental limitations of mechanical systems of transmitting pictures
at a distance, and proposed an all-electric system incorporating a scanning cathode-ray tube and photocells at the
transmitting end, and a scanned cathode-ray tube at the receiving end, with synchronization of the signals.
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The Radio Ship Act of 1910 was enacted (U.S. Public Law 262, Frye Bill).”

Oscillations in galena-crystal detectors were first observed by W. H. Eccles
(England). Demonstrated before Physical Society of London in May 1910 [32].%

1912 Frederick A. Kolster of the Bureau of Standards developed the direct reading
decremeter and wavemeter [33].

On the night of April 14 radio aided in saving approximately 750 lives in the SS
Titanic disaster.

On May 13 the Institute of Radio Engineers was formed by combining the
Wireless Institute and the Society of Wireless Telegraph Engineers [34].

The (Second) International Radiotelegraph Conference (first revisional
conference) was held in London, England during June and July. The role played by
wireless in the Titanic disaster just a few weeks before had a profound effect upon
actions taken by the Conference.

On August 13 the Congress passed a bill that became Public Law 264. It gave the
Government (Secretary of Commerce and Labor) power of the licensing and
considerable control of commercial and amateur radio stations, and the licensing of
operators. The act became effective on December 13.

Irving Langmuir developed the first highly evacuated thermionic vacuum
tubes.”?

Harold D. Arnold initiated development of oxide-coated filaments for thermionic
vacuum tubes for greater tube life and more stable performance.®

In October, de Forest demonstrated the first cascaded amplifiers by using two or
more three-element tubes.

1913 On February 13 the powerful radio station NAA at Arlington, Va. was
commissioned for use by the U.S. Navy. Along with Navy communications and the
time-signal service furnished by the U.S. Naval Observatory, it also had limited use
by other Government departments.

In April, de Forest found that his three-element vacuum tube (audion) could
operate as an oscillator and could be used as a heterodyne detector [36].

Edwin H. Armstrong filed application on October 29 for a patent on a
regenerative or “‘feedback” circuit. Patent granted October 6, 1914,

1914 De Forest filed application on March 20 for a patent on a regenerative or
“feedback” circuit. Patent granted September 2, 1924, after years of litigation [37].

On May 18 the American Radio Relay League (ARRL) of radio amateurs was
organized through the efforts of Hiram Percy Maxim.

Radio had an important role in communications early in World War I.

# This law, effective July 1, 1911, made it unlawful for any ship carrying more than 50 passengers and crew, plying
between ports more than 200 miles apart, to leave port in the United States unless equipped with proper wireless
apparatus and having a skilled operator aboard.

The act was extended in 1912 to include cargo vessels, and to require that two or more skilled wireless
operatars were to be in charge of the wireless apparatus on certain passenger ships.

% Fourteen years after Eccles demonstrated the existence of oscillations in crystal detectors, several papers that
included a variety of circuit designs appeared in 1924 in the English periodical Wireless World and Radio Review. It
is interesting to note that these observed oscillations and amplifying properties of crystals preceded later
developments of semiconductor diodes and transistors by several decades.

® Heretofore all vacuum tubes contained considerable amounts of residual gases because of inadequate evacuation
techniques. These “soft” tubes were soon to be replaced by ‘“hard” tubes that had only extremely small traces of
residual gases and were far more stable in operation. A few types of tubes were purposely made “soft,” especially
those used for detection where gaseous ionization made the tube more sensitive to weak signals, e.g., the early
“audions” or later soft tubes such as the type 200 tubes.

% Although Wehnelt (Germany) observed the copious thermionic emission from oxide-coated filaments in 1904, it
was not until 1912 that Arnold of the Western Electric Co. suggested their use for largescale production of vacuum
tubes. By 1920 the Western Electric Co. had produced many types of vacuum tubes, including amplifier tubes for
telephone relays, that used the oxide-coated filament for long life and greater stability of operation [35].
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1915 Voice communications by the American Telephone and Telegraph Co. operating
from NAA, Arlington, Va. were received in Paris, Canal Zone, and Honolulu.

In August, David Sarnoff, then of the Marconi Wireless Telegraph Co. of
America, wrote his famous memo to his superiors proposing a “radio music box”
that could be used to bring music into the home by “wireless.” Radio broadcasting
in the 1920’s brought his proposal to fulfillment.

1916 Radio stations in Highbridge, N.J. and in New Rochelle, N.Y. began voice and
music transmissions received by amateurs at distances up to several hundred miles.

Kolster of the Bureau of Standards applies for patent on Radio Compass, March 31.

1917 All amateur and commercial radio stations in the United States were either closed
down or taken over by the Navy on April 7, after the United States entered World
War I on April 6. The ban on amateur stations was removed in mid-1919.

Walter Schottky published his investigations on the random fluctuations in
emission of electrons from emitters such as the cathode of vacuum tubes. Usually
referred to as the “shot effect” [38].

1918 Radio telegraphy and telephony proved to be of great importance in warfare as
World War I came to a conclusion at the signing of the armistice on November 11.

1919 The first scheduled broadcasts by a noncommercial organization were made by
station 9XM (later WHA) operated by the University of Wisconsin at Madison,
beginning in January.

On February 8 Major E. H. Armstrong applied for a patent on the
superheterodyne circuit.* The patent, bearing No. 1,342,885, was granted June 8§,
1920 [39].

Radio Corp. of America (RCA) was incorporated on October 17.

1920 On February 29 all commercial stations taken over by the U.S. Navy during World
War I were returned to their owners by Executive order.

The broadcasting of the Harding-Cox election returns by KDKA, Pittsburgh, Pa.,
on the night of November 2 is usually regarded as the world’s first scheduled
broadcast by a commercial organization.*

1921 By 1921 the Radio Corp. of America possessed rights to over 2000 patents relating
to radio.

Initial theory of the magnetron was developed by Albert W. Hull [42].

The Bureau of Standards initiated the development of an aural radiobeacon
system for the Army Air Service for use on fixed airways. This work led to many
developments in air navigation, including a visual-type radiobeacon and a blind
landing system [43].

On November 5 President Harding formally opened the powerful facility “Radio
Central” by sending a radiogram to all nations. The radio communications center,
located at Rocky Point, near River Head, Long Island, was built and operated by
the Radio Corp. of America. In October 1922 it began operation with 20-kW
transmitting tubes.

31 The superheterodyne circuit was a World War I development by Armstrong that grew out of the exigencies of the
war for a very sensitive receiver, with sharp tuning, that would operate below 600 meters (above 500 kHz). The
superheterodyne circuit has proved to be the most useful of all receiver circuits and is the basis of most receiver
designs since the time that regenerative receivers proved to be impractical.

The technical story is traced in two references cited below, plus contained reference to Schottky that gives
some little-known information on the background and development of the superheterodyne circuit [40,41].

2Dy, Frank Conrad, an engineer for the Westinghouse Electric and Manufacturing Co. of Pittsburgh,had been
operating experimental station 8XK in nearby Wilkinsburg for several years prior to 1920. Enough interest had
been created in the Westinghouse Co. that an application had been authorized to set up a station for scheduled
broadcasting. The letters KDKA (transmitter at East Pittsburgh) were assigned to the world’s first commercial
broadcasting station, with an operating wavelength of 360 meters (833.3 kHz).

Not to be overlooked, and with claims by other stations of priority in scheduled broadcasting before that of
KDKA, were broadcasts from stations 9XM operated by the University of Wisconsin (see entry under 1919) and
WWJ operated by the Detroit Free Press at Detroit, Mich.
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On December 11 the first complete message on “short waves” (230 meters) across
the Atlantic was transmitted by radio amateurs from Greenwich, Conn. and was
received by an amateur at Ardrossan, Scotland.

1922 The First National Radio Conference, relating to broadcasting, convened on
February 27 in Washington, D.C.

Edwin H. Armstrong presented a paper on the superregenerative circuit before
the Institute of Radio Engineers in New York on June 7 [44].

On June 14 Warren G. Harding became the first President to make a radio
broadcast by a commercial station. Station WEAR (later WFBR) in Baltimore, Md.
broadcast Harding’s speech at the dedication of the Francis Scott Key Memorial at
Ft. McHenry, Baltimore. Fifteen days earlier, on May 30, President Harding’s
speech at the dedication of the Lincoln Memorial in Washington, D.C., had been
broadcast by the U.S. Navy’s station NSF operated by the Naval Aircraft Radio
Laboratory.

On June 20, 1922, Marconi pointed out in his address in New York, on the
occasion of receiving the Medal of Honor from the Institute of Radio Engineers, the
importance of short-wave radio (1 to 20 meters) in the future [45). He particularly
poi;;ted out the recent work in this field by C. S. Franklin of the British Marconi
Co.

A. H. Taylor and L. C. Young of the Naval Aircraft Radio Laboratory observed
sharp changes in signal strength as boats would pass between the transmitter and
receiver located on opposite banks of the Potomac River below Washington.
Changes in signal strength were accounted for by changes of amplitude in the
interference wave pattern caused by boats moving across the transmission path.
These observations are often referred to as the first radar “discovery.”

Near the end of 1922 a total of 569 radio broadcasting stations had been licensed.

The British Broadcasting Co. was formed on December 15 (became the British
Broadcasting Corp. January 1, 1927).

Louis A. Hazeltine developed the neutrodyne circuit for radio receivers which
became very popular for broadcast receivers for a period of about 5 years [46].*

% At the June 20, 1922, meeting referred to above, Marconi said, in part:

Before I conclude I should like to refer to another possible application of those waves which, if
successful, would be of great value to navigation.

As was first shown by Hertz, electric waves can be completely reflected by conducting bodies. In
some of my tests I have noticed the effects of reflection and deflection of these waves by metallic
objects miles away.

It seems to me that it should be possible to design apparatus by means of which a ship could
radiate or project a divergent beam of these rays in any desired direction, which rays, if coming
across a metallic object, such as another steamer or ship, would be reflected back to a receiver
screened from the local transmitter on the sending ship and thereby immediately reveal the
presence and bearing of the other ship in fog or thick weather.

One further great advantage of such an arrangement would be that it would be able to give
warning of the presence and bearing of ships, even should these ships be unprovided with any
kind of radio.* **

*It was not until 1930 that this prophetic statement of Marconi came true in the sense of radio signals being
reflected from a metallic object—in this case reflections from a plane being observed by L. C. Young (and L. A.
Hyland) of the U.S. Naval Research Laboratory.

**Occasionally reference is made to Nikola Tesla as having first described the principle of radar, taking the cue
from an article written by Tesla in the June 1900 issue of the Century magazine. In one instance Tesla states for
electrical waves that:

For instance, by their use we may produce at will, from sending-station, an electrical effect in
any particular region of the globe; we may determine the relative pasition or course of a moving
object, such as a vessel at sea, the distance traversed by the same, or its speed;...

Whether Tesla envisioned “radar” in the same concept as Marconi in 1922 is a moot question.

% The neutralization of capacitive coupling in vacuum tubes had its origin with Hazeltine in 1918 when he reported
on work with oscillating vacuum-tube circuits [47].
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1923 First public demonstration of single-sideband radio telephony on January 5%

C. Francis Jenkins transmitted photographs via radio from Washington to
Philadelphia on March 23.

E. F. Nichols and J. D. Tear reduced the measured fundamental wavelengths of
the electromagnetic spectrum from 7 mm (43,000 MHz) to 1.8 mm (167,000 MHz), an
interval of 2 octaves [48].%

On November 27 the first two-way messages across the Atlantic at 100 meters
were transmitted and received by radio amateurs at Hartford, Conn. and Nice,
France.

Vladimir K. Zworykin filed a patent application on December 29 for an
iconoscope. Patent finally issued December 20, 1938.

1924 First transatlantic transmission of photograph via radio, from New York to
London.

U.S. Naval Research Laboratory designed and constructed the first crystal-
controlled radio transmitter.

1925 Professor Edward V. Appleton (England) and several of his students determined the
height of the Kennelly-Heaviside layer(s) by (1) a vertical triangulation technique,
and (2) a frequency-change method of observing the height by an interference
pattern of direct wave and skywave [49].

U.S. Naval Research Laboratory developed radio transmitting equipment using
pulsed CW. Pulsed transmitters were to prove very useful in ionospheric
observations and later for radar.

8 This first demonstration by the American Telephone and Telegraph Co. and the Radio Corp. of America was used
in transatlantic radio telephony between Rocky Point, Long Island, and New Southgate, England. Although single-
sideband transmission had been used first some years previously for wire telephony, this was the first application
to a commercial radio telephony system.

% At the time of this work in 1922, two more octaves in frequency remained to close the gap between the electrical
wave spectrum and the far infrared. Although fairly accurate measurements were made at the fundamental
frequencies of the electrical waves by Nichols and Tear, they were generating trains of highly damped oscillatory
spark discharges and not CW radiation. Some years later the gap was closed by measured wavelengths in the far
infrared. However, the gap was not closed with coherent radiation until many years later with the development of
lasers.

Edwin H. Armstrong Edward Appleton
1890-1954 1892-1965
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Gregory Breit and Merle A. Tuve of the Carnegie Institution, Washington, D.C.,
with the cooperation of the Naval Research Laboratory, made the first observations
of the ionosphere by reflection of pulsed radio waves [50].

C. Francis Jenkins demonstrated television on June 13, using a mechanically
rotating scanning disk, by radio transmission between Anacostia Naval Air Station
and his laboratory near Washington, D.C. [51).

1926 RCA established point-to-point radio facsimile service between New York and
London, and transmitted the first commercial picture across the Atlantic on May 1.

Radio broadcast receivers operating from 60-Hz alternating current were
introduced by RCA.

The National Broadcasting Co. was organized on September 9 with 24 stations
comprising the NBC network, and began operations on November 15.

Yagi-Uda high-gain, directional VHF-UHF antenna was invented by Hidetsugu
Yagi and Shintaro Uda (Japan) [52].

Albert W. Hull and N. H. Williams published development work on screen-grid
tubes of improved design and operating characteristics [53,54].5

1927 Commercial radiotelephone service between New York and London was instituted
on January 7.

Philo Farnsworth filed for a U.S. patent on an electronic television system on
January 7.

John L. Baird (Scotland) described his television system, incorporating a
mechanical dis¢c with 30 lenses, at Glasgow, Scotland, on February 3.

On February 23 President Coolidge approved the Radio Act of 1927, enacted by
Congress, that established the Federal Radio Commission for a period of 1 year. On
March 2 Rear Admiral W. H. G. Bullard, USN (retired), became the first chairman.

Bell Telephone Laboratories demonstrated wire television between Washington,
D.C. and New York on April 7 and radio television between Whippany, N.J. and
New York on April 16.

The (Third) International Radiotelegraph Conference (2d revisional conference)
was opened by President Coolidge in Washington, D.C. on October 4; it was
presided over by Secretary of Commerce Hoover.*

1928 U.S. Government began installations of radio range stations as navigational aids to
mail-carrying planes.

First practical construction and use of cyclotron type of magnetron by H. Yagi
(Japan) [55].

J. B. Johnson of the Bell Telephone Laboratories determined experimentally the
noise power of the thermal fluctuations in resistors, an effect usually referred to as
“Johnson noise.” Concurrently, H. Nyquist succeeded with a theoretical approach
to the noise problem.*

5 Although the first development on screen-grid tubes was carried out by W. Schottky (Germany) as early as 1919,
it was Albert W. Hull's contributions published in 1926, of more complete shielding of the grid, that led to a
manufactured tube (of the 222 type for radio receivers) in 1927. A screen-grid tube suitable for ac heating of the
cathode appeared in 1929 and became quite popular. Tetrodes suitable for transmitters also became available

%1t was at this conference that the International Radio Consultative Committee (CCIR) was set up to “study
technical and operating questions relating specifically to radio communications and issue recommendations on
them,” and that the committee “shall pay due attention to the study of guestions directly connected with the
establishment, development, and improvement of telecommunications in new and developing countries, in both the
regional and international fields.” This committee would play, and continues to play, a prominent role in the
technical aspects of radio on an international basis.

¥ The noise power equation E2=4KkRT (f,-f,) is a very important relation in electronic circuitry, where E? is the
mean square voltage, k is Boltzman’s constant, R the resistance component of impedance producing the thermal
voltage, T the temperature in kelvins, and f, and f; the upper and lower limits of the frequency band considered. F.
B. Llewellyn of Bell Telephone Laboratories made extensive use of the noise power equation in the study of noise in
the circuits associated with vacuum tubes.
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Color television was demonstrated by John L. Baird (Scotland) on June 3 in
England, using a three-spiral mechanical scanning disc at transmitter and at
receiver.

1929 Application was filed on May 23 for a patent on the Espenshied-Affel coaxial cable
for use as a wide-band, long-distance transmission cable including transmission of
television signals.

Vladimir K. Zworykin demonstrated the kinescope (cathode-ray TV picture tube)
to the Institute of Radio Engineers on November 18.

1930 Two-way wire television demonstrated by Bell Telephone Laboratories on April 9.

First round-the-world broadcast from Schenectady, N.Y. and back to point of
origin (accomplished with several relay stations).

Pentode tubes became available for the power output stage of broadcast
receivers, although such tubes had been in use in Europe for several years before
1930.

U.S. Naval Research Laboratory made some “accidental” observations on a short-
wave direction-finding system that was an important step toward the development
of radar.”

1931 Microwave transmission of voice-modulated carrier of 18 cm (1700 MHz) across the
English Channel between Dover, England and Calais, France on March 31.

Experimental television transmitter opened on July 21 by Columbia
Broadcasting System at the top of the Chrysler Building, New York City.

On September 5 two pilots, in the employ of the Department of Commerce, made
the first blind landing at the airport at College Park, Md., using radio equipment
developed by the Bureau of Standards [56].*!

Experimental television transmitter opened on October 30 by the Radio Corp. of
America on top of the Empire State Building, then the world’s tallest building.

During the period 1931.1932 Marconi found that propagation at a wavelength of
60 cm was at least five times the optical distance, in contradiction to theory [57].

1932 The (Fourth) International Radiotelegraph Conference (3d revisional conference)
was held in Madrid, Spain at which time the Telegraph Union and the
Radiotelegraph Union were merged into one organization, named the International
Telecommunication Union (ITU).*

Karl G. Jansky of Bell Telephone Laboratories published his first paper in
December of work started in August 1931 on directional studies of atmospherics in

“*In using a short-wave direction-finding system, Naval Research Laboratory personnel observed unusual operating
conditions occurred when planes passed between a transmitter and a receiver located at several miles distance.
These “accidental” observations gave impetus to the development of radio methods of detecting distant objects.
Previously, in 1922, personnel of the Naval Research Laboratory had observed unusual reception of signals when
ships passed between a radio transmitter and a receiver located on opposite shores of the Potomac River. The
observed phenomenon of “beat” signals showed promise of a means of detecting ships in a fog or entering a harbor.

4 Many blind landings were made at College Park subsequent to this event by using a hooded cockpit. A similar
radio installation was made at the airport at Newark, N.J. On March 20, 1933, the plane taking off from College
Park for Newark encountered ‘“‘no-visibility” conditions and continued its flight and landed at the Newark Airport
by means of the instrument-flying radio equipment.

“ From the volume published by the ITU on the occasion of the centenary of the International Telecommunication
Union, entitled From Semaphore to Satellite (Geneva, Switzerland, 1965), we learn that the word
“telecommunication” was first used at the beginning of the 20th century by Edouard Estaunie, at that time
Director of the Ecole Supérieure des Postes et Télégraphes de France.

The new term “telecommunication” was defined at the Madrid Conference as “any telegraph or telephone
communication of signs, signals, writings, images, and sound of any nature, by wire, radio, or other system or
processes of electric or visual (semaphore) signalling.” Today the ITU defines telecommunication as “any
transmission, emission, or reception of signs, signals, writings, images, and sounds, or intelligence of any nature by
wire, radio, visual, or other electromagnetic systems.”

16




1933

1934

1935

1936

the short-wave region (14.6 meters, 20.5 MHz) that soon led him and others tc open
up the whole new field of radio astronomy [58,59].*

On March 4 the inauguration ceremonies of President Franklin D. Roosevelt were
broadcast internationally.

C. E. Cleeton and N. H. Williams of the University of Michigan observed the
ammonia inversion transition using a magnetron oscillator. Their investigation was
the first experimental work in microwave spectroscopy and opened a whole new
field in physics [60].

Station WLW, Cincinnati, Ohio, began broadcasting on 500,000 watts on May 1 as
an experimental operation. Authorization for this high output was later
withdrawn, with no licensing of broadcasting transmitters with output above 50,000
watts thereafter.

On June 9 the Communications Act of 1934 was signed by President Roosevelt,
establishing the Federal Communications Commission as the successor to the
Federal Radio Commission.

Successful experiments were performed by Ross Hull in New England during the
summer of 1934 in transmission, at 5 meters, up to several times the calculated
distance based upon the then existing theories. An outstanding achievement by a
radio amateur who was able to explain the type of propagation.

On October 9 the Supreme Court of the United States upheld Dr. Lee de Forest
as the inventor of the regenerative or “feedback” circuit.

During 1934 the Naval Research Laboratory designed and constructed the
world’s first pulse-type radar. It was successfully operated in December at 60 MHz,
receiving saturated signals reflected from an airplane at 1 mile distance.

In June a team of British scientists under direction of Robert A. Watson-Watt
demonstrated (secret project) the first use of radar by the English of detecting
echoes from an airplane. By March of 1936 they were able to detect planes at a
distance of more than 80 miles.*

George C. Southworth of Bell Telephone Laboratories and W. L. Barrow of
Massachusetts Institute of Technology published accounts of developments in
waveguide theory and experimental equipment.”” During the next several years
Southworth presented a number of experimental lectures on the properties of
waveguide before various technical groups.

In May, Edwin H. Armstrong published his very important paper on a complete
frequency-modulation system (transmitter and receiver) for minimizing static [63].
The design, construction, and testing of the equipment covered several years prior
to publication of investigations.

On June 11 the Radio Corp. of America demonstrated the operation of a two-way
radio relay system between New York and Philadelphia, operating above 30 MHz.

The Naval Research Laboratory succeeded in operating a radar with a single
antenna by using a duplexer to control switching of the transmitter and receiver.

In December the coaxial cable installed between New York and Philadelphia by
the American Telephone and Telegraph Co. was placed under test.

4 Jansky’s large rotating antenna was located at Holmdel, N.J., where he performed the early work on radio

astronomy. The antenna was dismantled in 1944 but an operating replica is set up at the National Radio
Astronomy Laboratory at Green Bank, W. Va.

“ Robert A. Watson-Watt was knighted in 1942 as Sir Robert, as “a pioneer in radio location, who harnessed radar
as a practical operational science.”

4 Propagation of electromagnetic waves in hollow metal pipes was suggested by J. J. Thomson as early as 1893, and
later by Lord Rayleigh in 1897. Southworth gives a short but excellent account of the history of waveguide
development in his treatise on the subject [61]. An interesting account of microwave antennas and waveguide
techniques developed by Hertz, Lodge, Marconi, and others before 1900 is given in a paper by Ramsey [62].
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1938

1939

1940

In January RCA engineers demonstrated the use of radar techniques for an
altimeter and as a warning device to indicate the presence of mountains or other
aircraft.

The International Telecommunication Union met for the International
Telecommunication Conference (4th revisional conference) in 1938 in Cairo, Egypt.
A far-reaching result of this conference was the allocation of radio channels for
intercontinental air routes.

First atomic and molecular beam resonance experiments by I. I. Rabi and
students at Columbia University [64]. The method developed is now used as the
basic principle in all cesium (and other) beam frequency standards.

The first operational radar installation on a U.S. Navy vessel was installed on
the U.S.S. New York.

On October 10 the Bell Telephone Laboratories demonstrated a radio altimeter
that gave a dial reading in feet of the distance above the earth’s surface.

On January 17 Edwin H. Armstrong demonstrated a frequency-modulation system
operating at 7.5 meters (40 MHz) with a 40-kW transmitter (W2XMN) set up at
Alpine, N.J. across the Hudson River from New York City. It was the forerunner of
many FM broadcasting stations to come.

On February 17 the National Bureau of Standards inaugurated a new science,
the forecasting of radio transmission data, an “ionosphere” reporting service
similar to that of weather forecasting [65,66].*

The first practical klystron was developed by the Varian brothers, Russell and
Sigurd [68].
Television was introduced, with great success, to the public at the New York

World’s Fair, by the National Broadcasting Co. At the opening ceremony on April
30, Franklin D. Roosevelt was the first U.S. president to be televised.

The National Broadcasting Co. applied for a license on July 13 to operate the
first FM transmitter for regularly scheduled radio broadcasting service.

High-power, pulsed, cavity-type magnetrons were developed by H. A. H. Boot and
J. T. Randall (England) at the University of Birmingham, England [69].

On September 1 the world heard broadcast announcements of the German
invasion and bombing of Poland, initiating World War II.

Color television, using electronic equipment only (no mechanical or rotating
devices), was demonstrated by RCA to the Federal Communications Commission on
February 6.

Color television, using a mechanical rotating disc in a sequential three-color
system, was demonstrated by the Columbia Broadcasting System on August 28.

Work on the proximity fuze started in the United States in August 1940 under
the auspices of the Office of Scientific Research and Development (OSRD).

Radiation Laboratory established under the administration of the Massachusetts
Institute of Technology.

In November, Alfred L. Loomis suggested an electronic air navigation system
which led to the development of the Loran system by Radiation Laboratory at MIT.
The first Loran system was placed in operation on October 1, 1942, between
Delaware and Nova Scotia.

“The prediction service inaugurated in 1939 became much more sophisticated in later years as the science of the
ionosphere developed. See [67). In the early service, prediction could be made for a period 1 month after publication
of a chart(s). The charts indicated the maximum usable frequencies (muf) for skywave transmission (reflection from
ionosphere layers) for the days of an undisturbed ionosphere, in terms of local time at location of reflection
(halfway between transmitter and receiver for one “hop” or single reflection from ionosphere). (See ch. VII, p. 238,
footnote 96, for the term “muf.”)
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1941 On January 1, 20 years after the pioneer broadcasting by KDKA, Pittsburgh, there
was a total of 802 broadcasting stations in the United States, and over 51 million
radio receivers.

First broadcasting of color television on February 20 by the National
Broadcasting Co. from transmitter on the Empire State Building in New York City.

In the spring of 1941 the U.S. Navy took responsibility for developing proximity
fuzes for rotating projectiles such as antiaircraft and artillery projectiles,” while
the U.S. Army took responsibility for nonrotating projectiles such as bembs,
rockets, and mortars [70,71].

On December 7 the news was flashed by radio at 2:19 p.m., Eastern Standard
Time, that the Japanese had attacked Pearl Harbor. War was declared on Japan on
December 8, and on Germany on December 11.

All U.S. amateur radio stations were closed by order of the Federal
Communications Commission on December 7.

1942 In August the U.S. Navy conducted successful trials with radio proximity fuzes by
firing at radio-controlled target planes.

Development of printed circuits was initiated in 1942 by the National Bureau of
Standards for the Army Ordnance Department for use in radio proximity fuzes.
Large-scale production of the printed circuits came early in 1945 [72].*

1943 On January 5 first shells equipped with radio proximity fuzes were fired by the
U.S.S. Helena in Pacific combat actions.

On April 27 the U.S. Army and Navy announced the lifting of restriction on the
use of the word “radar.”® Within a month the Navy released the first information
on radar.

1944 In April an electromechanical computing machine, named the IBM Automatic
Sequence Controlled Calculator, and more familiarly as “Mark 1,” was placed in
operation at Harvard University. Construction of ENIAC, a completely electronic
computer, was started in 1943 and completed in 1946 by the University of
Pennsylvania.

R. Kompfner (England) initiated work in 1942 at the University of Birmingham,
England, on the development of the travelling-wave tube, with completion of an
operating tube in 1944 [73].

On August 5 Alfred N. Goldsmith applied for a U.S. patent on a three-gun tube,
all-electronic color television system. The patent was issued to the Radio Corp. of
America with whom Goldsmith was associated as a consultant.

‘" Development of proximity fuzes for rotating projectiles was placed under administration of Johns Hopkins
University Applied Physics Laboratory, Silver Spring, Md.

“ Development of proximity fuzes for nonrotating projectiles was placed under administration of the National
Bureau of Standards, the group later to be known as the Diamond Ordnance Fuze Laboratories, and still later as
the Harry Diamond Laboratories, agencies in the Department of the Army. The world’s first successful radio
proximity fuze was tested by NBS on February 12, 1941, at the Navy Dahlgren Proving Ground, Va.

“ Subsequent to large-scale production in 1945 of printed circuits on an insulator base (usually a ceramic for small
dimensional units), during the next 25 years there was a remarkable growth in the development of miniaturized
electromic circuitry with accompanying industrial processes of manufacture. It is beyond the scope of this
chronology to trace out the development in detail. Briefly, it took the course of printed wiring, the high density
packaging of components, the development of thin film techniques (virtually a two-dimensional process), and, more
recently, integrated circuits that combine solid-state elements. The field can now come under the general term of
microelectronics. Advances in this technology have, and should continue to be, amazing.

®The name “radar” was coined by two U.S. Naval officers, F. R. Furth and S. M. Tucker, from the words Radio
Detection And Ranging.
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1945

1946

1947

1948

1949

A new weapon known as the “Bat” was the first fully automatic guided missile to
be used in combat. It was used against Japanese ships and land targets in the
Pacific area during the last year of the war.*

World War II ended on August 14 with the announcement by President Truman
that the Japanese had surrendered.

After nearly 4 years of silence, the Federal Communications Commission lifted
the wartime ban on one amateur band on August 21, and on other bands on
November 15.

On October 22 Western Union opened service on a radio relay system between
New York and Philadelphia—a forerunner of radio relay links that was to bring on
a new method for communications.

On November 21 the Federal Communications Commission announced new rules
and engineering standards for television, based upon technological advances made
during World War II.

On January 10 the Evans Signal Laboratories of the U.S. Signal Corps at Belmar,
N.J. reflected a radar signal of 111.6 MHz from the Moon’s surface. The elapsed
time was 2.4 seconds for the round trip distance of 477,600 miles.

First transmissions of television over coaxial cable from Washington to New
York were made on February 12.

On April 19 the first color television pictures were sent over the coaxial cable
between Washington and New York.

Color television with an all-electronic system was first demonstrated publicly by
the Radio Corp. of America at Princeton, N.J. on October 30.

On January 3 the U.S. Congress was televised for the first time, the occasion being
the opening of the 80th Congress.

The Nobel Prize in Physics was awarded to Sir Edward V. Appleton (England)
“for his investigations of the physics of the upper atmosphere, especially for the
discovery of the so-called Appleton layer.”®

The International Telecommunication Conference (Atlantic City Conference) met
in Atlantic City, N.J., for a 4 1/2 months session, beginning May 15. Of chief
concern was the matter of frequency allocations on an international basis, because
of the burgeoning of radio traffic due to World War II.

At the beginning of 1948 there was a total of 1691 AM broadcasting stations and
374 FM broadcasting stations in the United States.

J. Bardeen and W. H. Brattain of the Bell Telephone Laboratories published
their discovery of the transistor, a solid-state electronic device that could be used as
an amplifier, oscillator, and for other purposes for which a vacuum tube could be
used [74]). The date of December 23, 1947, is usually referred to as the time of the
actual discovery of the point-contact transistor.

On January 6 the world’s first atomic clock (ammonia cell), developed by Harold
Lyons of the National Bureau of Standards, was announced and demonstrated to
newspaper reporters. It was the forerunner of many types of atomic clocks to be
developed in the following years by research groups in various parts of the world.

President Truman’s inauguration was televised on January 20, the first time for
a Presidential inauguration.

51The “Bat,” which incorporated a complete radar system that set the missile controls to home on an enemy target,

was preceded by two other guided missiles, the “Robin" and the “Pelican.” All were designed to be launched from a
“mother” plane and glide to their target. The project was a cooperative effort between nine Government agencies
and industrial laboratories, coordinated by the National Bureau of Standards.

21n 1924 Appleton and Barnett used a frequency variation method of observing the Kennelly-Heaviside layer. In
1926 they discovered the upper or F, layer, sometimes called the Appleton layer. It was found to be approximately
200 km or more above the Earth’s surface.
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W. Shockley, G. L. Pearson, and J. R. Haynes of the Bell Telephone Laboratories
published their developments of the theory, physical explanation, and
measurements of the mobility of electrons and movement of holes (‘hole injection”)
by emitters in germanium in the operation of transistors [75].

1950 The FCC on October 11 adopted the standards for the field-sequential system of
color television developed by the Columbia Broadcasting System, to be followed
later by the CBS providing a broadcasting service.

1951 On March 25 H. I. Ewen and E. M. Purcell of Harvard University first detected the
radiation of galactic hydrogen at 1420 MHz [76).*

1952 The first cesium atomic beam frequency standard to be constructed was placed in
operation by the National Bureau of Standards, using a magnetic-resonance
technique. This atomic frequency standard was the forerunner of several types of
cesium beam “clocks” developed by the National Bureau of Standards and by other
laboratories [77].%

1953 Invention of the Mills cross antenna [78].%

On December 17 the Federal Communications Commission gave approval for
standards for color television compatible with black-and-white. The decision came
as a result of much viewing and analyzing of several television systems that were
submitted for consideration as far back as 1949.

1954 Charles H. Townes, along with J. P. Gordon and H. J. Zeiger, developed the first
maser,® using ammonia gas, whereby energy at microwave frequencies could be
greatly amplified for signal purposes [79].

1955 Construction was begun on the “White Alice” project of the Alaska Air Defense
System, a communication system developed for the U.S. Air Force in Alaska, but
also used as a public phone service. The system operates in the general range of the
UHF-TV band and depends upon tropospheric scatter for extended distance in
transmission beyond the line of sight.

An unexpected discovery was made at the Owens Valley (Calif) radio
observatory of the Carnegie Institution of Washington that the planet Jupiter
emits intense bursts of radio noise. The observers found that the periods of strong
emission occurred at intervals equaling Jupiter’s rotation period, indicating that
certain localities are responsible. Such areas probably include the Great Red Spot.

1956 H. E. D. Scovil, G. Feher, and S. Seidel of Bell Telephone Laboratories developed
the first solid-state maser using a synthetic ruby crystal.

William Shockley, John Bardeen, and Walter Houser Brattain were awarded the
Nobel Prize in Physics “for their researches on semiconductors and their discovery
of the transistor effect.”

1957 The first parametric amplifier and oscillator was developed by Max T. Weiss of the
Bell Telephone Laboratories, based on a proposal made a few months earlier by H.
Suhl, also of the Bell Telephone Laboratories [80].”

5 The existence of the radiation of this spectrum line in space, the ground state of hydrogen, was suggested in 1945,
but eluded observation by radio astronomers until 1951. The frequency of this hyperfine doublet of hydrogen was
measured in the laboratory by Kusch and Prodell in 1950.

8 The use of atomic and molecular beams goes back to 1911 but it was Professor I. I. Rabi of Columbia University
who suggested in 1945 their use as frequency standards. Professor Polykarp Kusch of the Physics Department of
Columbia University served as a consultant on the NBS project and supplied fundamental information for the
design of the frequency standard. In 1955 he shared in the award of the Nobel Prize in Physics “for his
determination of the magnetic moment of the electron.”

% This was the first large-scale antenna to use electronic signal processing for narrow beam-width focusing. The
antenna was designed for operation at 80 MHz, with a beam-width of less than 1 degree and capable of scanning
approximately one-half of the celestial sphere.

5% The maser takes its name from the acronym of Microwave Amplification by Stimulated Emission of Radiation.

5 Weiss used a ferrite as an inductor for the nonlinear reactance. Later, the more successful amplifiers, that

required less pumping power, used a semiconductor p-n junction as a nonlinear capacitor. Parametric amplifiers
are noted for their very low noise contribution to the amplified signal.
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1958

1960

1961

Dew Line (Distant Early Warning radar), built and operated jointly by the
United States and Canada, was begun in 1954 and became operational on July 31,
1957. It extended originally from northwestern Alaska to northeastern Canada, and
later was extended from the Aleutian Islands to across Greenland.

The world’s largest steerable radio telescope, of 250-foot-diameter antenna,
became operative on August 2 as a facility of the University of Manchester. It is
located at the Jodrell Bank Experimental Station near Manchester, England.*®

The Year of Sputnik! On October 4 the Soviet Union launched the first manmade
satellite to orbit the Earth. This event inaugurated the Space Age.

In October a young Japanese physicist, Leo Esaki, revealed the results of his
research on the tunneling effect in thin semiconductor junctions. This effect was
utilized in the development of tunnel diodes that have taken their place alongside
transistors for many uses in electronic devices [81].

Participation by 67 countries in the International Geophysical Year (IGY) during
1957-1958, in the study of the many physical properties of the Earth and its
atmosphere, including radio propagation physics of the ionosphere.

On January 31 Explorer I, developed by the Army Signal Research and
Development Laboratory, was launched and became the first United States
satellite. On board were instruments that indicated to James A. Van Allen of Iowa
State University the existence of two radiation belts far beyond the Earth’s
atmosphere. They are now called the Van Allen Belts.

On March 17 the U.S. Navy’s satellite Vanguard I was orbited, the first satellite
equipped with solar cells for conversion of sunlight into electricity.

A. L. Schawlow and Charles H. Townes outlined a theory and proposed a device
for a maser that would operate at light frequencies. This optical maser soon became
known as the laser [82].

On January 1 the transition frequency of 9192.631700 MHz in cesium beam
equipment was adopted as the U.S. Frequency Standard, replacing a group of
quartz crystals.

Theodore H. Maiman of Hughes Research Laboratories demonstrated laser
action using a synthetic ruby crystal operating in the visible red region. This was a
pulse-type laser and did not operate with continuous action [83].

On January 28 the U.S. Navy publicly demonstrated use of the Moon as a
reliable reflector of radio signals for stations at a considerable distance apart on
the Earth’s circumference, in this case between stations in Maryland and Hawaii,
5000 miles apart.

The first of the Tiros satellites (Television Infra-Red Observation Satellite) was
orbited on April 1. This weather-information satellite was the first to carry both
radio and television transmitters.

A. Javan, W. R. Bennett, Jr., and D. R. Herriott of Bell Telephone Laboratories
constructed the first laser to produce coherent light continuously, using helium-
neon gas in the infrared region.

In March the Goldstone Tracking Station, operated by NASA in the Mojave
Desert, successfully reflected radar signals from the planet Venus. Much new
information on the planet has been gained by this process.

®The full descriptive name of this radio telescope is a Steerable Paraboloid Altazimuth Radio Reflector. With

synchronized measurements it is possible to steer the axis of the antenna to nearly the entire expanse of the sky.
Within several months after it became operative, the telescope was used to locate Sputnik I, and has been used to
locate many orbiting manmade devices since that historic event of the orbiting of the Earth’s first artificial
satellite.
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After the United States launched its first men into space on May 6 (the Soviet
Union made its first launch on April 12), President Kennedy delivered a special
message to Congress for greatly increasing the funds for space research and
exploration.

The Federal Communications Commission approved, effective June 1, the
multiplex operation of FM broadcast transmitters for stereophonic programs.

On June 24 the first topside sounding was made of the ionosphere from above,
this by means of rocket-borne instrumentation. On September 29, 1962, similar
observations were first made from a satellite, Alouette 1 (Canada); and later by
Explorer XX (United States) on August 25, 1964.

BMEWS (Ballistic Missile Early Warning System) became operational in June.
Complementary to the DEW Line, this system detects approaching ballistic missiles
to more than 2000 miles. A chain of three radar installations was set up, the
stations located at Clear, Alaska; Thule, Greenland; and in northern England.

On July 24 President Kennedy announced the administration’s policy on private
ownership and operation of satellite systems designed for communications.

1962 The solid-state laser of a junction diode of gallium arsenide was developed by
various investigators almost simultaneously, and has developed into the new field
of light-emitting semiconductors.

On May 9 a small area of the Moon’s surface was illuminated with a very narrow
beam from a powerful ruby crystal laser. A team of scientists of the Massachusetts
Institute of Technology and the Raytheon Co. performed this feat for the first time.

B. D. Josephson (England), a research student in physics at Cambridge
University, announced his theoretical prediction of superconducting tunneling
which later became known as the Josephson effect [84].%

The world’s largest movable radio telescope was installed at the National Radio
Astronomy Observatory, Green Bank, W. Va. The transittype telescope was
constructed with a 300-foot-diameter antenna.

1963 The first Syncom was launched in February to serve as a fixed-position
communication-system satellite, relative to the rotation of the Earth. Several of
these in space at selected locations above the Earth serve for a worldwide
communications system.

dJ. B. Gunn of the IBM Research Center found that very small crystals of gallium
arsenide serve as oscillators for very short microwaves, opening up many uses for a
simple type of microwave generator.

Radar reflections from the planet Jupiter were observed by radio astronomers of
the Soviet Union. The round-trip time required to receive the echo signal was 66
minutes.

The world’s largest fixed-type transit radio telescope became operational at the
Arecibo Ionosphere Observatory, Puerto Rico in November. The 1000-foot-diameter
antenna is in a fixed position within a huge bowl of the surrounding terrain.

1964 The Nobel Prize in Physics was shared jointly with two Russian scientists by
Charles H. Townes. He was cited “for fundamental work in the field of quantum
electronics which has led to the construction of oscillators and amplifiers based on
the maser-laser principle.”

% The ac Josephson effect has many characteristics and applications. Interesting applications are: A very accurate
method of measuring the ratio of 2e/h, an invariant fundamental constant; and a source of precise dc voltages
characterized by irradiation of a Josephson junction with microwaves of specific frequencies.
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The year 1964 can be considered the period in which the frequency gap was
closed by breaking through the barrier in the submillimeter range.®

1965 In February the Army Electronics Command laboratories at Ft. Monmouth, N.J.
demonstrated the use of a laser beam to transmit seven TV channels
simultaneously.

Arno A. Penzias and Robert W. Wilson of Bell Telephone Laboratories observed,
by means of radio astronomy, the temperature of the fossil heat that remains from
the “Big Bang” that created the universe (now a widely accepted theory).

The world’s largest equatorially mounted (polar axis parallel to Earth’s axis)
radio telescope was installed at Green Bank, W. Va. The 140-foot-diameter antenna
can be sighted to very nearly every direction above the Earth’s surface.

On May 2 the Intelsat 1 satellite, “Early Bird,” was used to demonstrate an
international TV program. It became available for commercial telephone service on
June 28.

1966 On March 1 the Soviet Union’s instrumented space vehicle, Venera 3, crash-landed
on the planet Venus after a 100-day flight.®'

On a 3-day space flight in July two spacecraft (Gemini 10 and Agena) were first
used to control the functions of one spacecraft by another by means of radio
signals.

1967 The 13th (International) General Conference on Weights and Measures defined the
“second” as: “the duration of 9192 631 770 periods of the radiation corresponding
to the transition between the two hyperfine levels of the ground state of the
cesium-133 atom.”

No. 85 of the Explorer series of satellites indicated that the Moon is
nonmagnetic, has no radiation belts, and no evidence of a lunar ionosphere.

1969 On a flight to the Moon, beginning May 18, the Apollo 10 made the first live color
TV pictures of the Earth. During orbital circuits around the Moon, color TV
pictures were taken of the Moon'’s surface.

On July 20 the first lunar landing was made by the U.S. astronauts, Armstrong
and Aldrin, with Collins in the commandship. All the world observed this epoch-
making event via television and radio. Communications technology had reached a
zenith of attainment.

1970 The Effelsberg 100-meter-diameter radio telescope neared completion. Located near
Bonn, West Germany, this telescope of the Max Planck Institute for Radio
Astronomy can continuously track a celestial object in any part of the sky.

1971 On November 11 the National Bureau of Standards measured the frequency of a
helium-neon laser—a frequency of 88,376.245 GHz, the highest ever made by direct
measurement.

® Closing the frequency gap between radio waves and the infrared region had been a long sought quest by a
number of investigators, especially from the time of the work of Nichols and Tear in 1923. In May 1964 Gebbie
(Scotland) and his coworkers at the National Physical Laboratory, England, reported on the generation and
measurement of energy in the infrared region to 0.34 mm [85]. This was accomplished with a stimulated emission
source using hydrogen cyanide. Measurements were made using the Michelson and Fabry-Perot interferometer
techniques.

In July 1964 Jones and Gordy of Duke University reported on the generation and measurement of radio waves
down to 0.43 mm [86]. Later they reduced the measured wavelength to 0.37 mm. This was accomplished with a
klystron generator and taking the 12th harmonic from a silicon crystal. The frequency measurement was
referenced to WWV.

The process of breaking through the frequency barrier in the submillimeter range is still a matter of operating
at more or less discrete frequencies with pulsed energy. To obtain continuous frequency coverage with coherent
radiation that can be modulated with lower frequencies is a goal still to be achieved.

€ 0On a subsequent flight, the instrumented Venera 4 obtained much information on the characteristics of Venus,
indicating a dense atmosphere almost entirely of carbon dioxide and a temperature much above that of the Earth.
No magnetic field or radiation belts were indicated.
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1972 On May 28 President Nixon addressed the people of the Soviet Union via television
from Moscow, the first U.S. president to use this communication medium in Russia.

On November 17 the National Bureau of Standards announced a new
determination of the speed of light with a hundredfold increase in accuracy over
previous measurements—299,792.4562 km/s.*

1973 Spacecraft Pioneer 10 approached to within 81,000 miles of Jupiter on December 3.

1974 Spacecraft Pioneer 11 approached to within 26,600 miles of Jupiter on December 2
without damage to its equipment by Jupiter’s intense radiation. Thereafter its
flight would take the spacecraft to the vicinity of Saturn in 1979.

1976 On July 20 America’s unmanned Viking I spacecraft landed successfully on Mars to
begin a series of observations, including the detection of possible life forms on the
red planet. Within a matter of moments NASA facilities received pictures of the
Martian landscape via highly sophisticated radio transmitting and receiving
systems.

On September 3 the second spaceship, Viking II, landed successfully at a location
far removed on the planet Mars from the landing spot of Viking I.

Commentary Notes

1. If the reader is familiar with the development of remote control by radio signals
(sometimes called radio guidance) of electrical apparatus, mechanical movements, moving
vehicles, etc., he will observe that this subject is missing from the chronology. Much of the
development in this area has been shrouded in secrecy because of military applications.
Also, the area has had its share of claims and counterclaims for priority of development and
success. Refer, for example, to [87-89]. In the post-World War II period with guided missiles,
and still later in the Space Age, with spacecraft, remote control by radio has reached
fantastic levels of sophistication.

2. This chronology does not cover the developments of antenna types, which have
taken many different forms over nearly a century of use. The radiators or antennas used by
Hertz were reconstructed later by those who developed short-wave techniques. Low-
frequency equipment required long-length antennas and some of the arrays took on
gargantuan proportions. More recently microwave and millimeter wave antennas have
taken on the semblance of optical devices. It is interesting to note that antennas or radiators
were sometimes called “‘wave-gates” around 1900.

3. The complex radio systems that have been developed for aids to air navigation are
not covered in this chronology except the very earliest and relatively simple systems. Later
systems incorporate operational functions that add much to their complexity.

IN RETROSPECT

How aptly was it stated, as far back as 1910, by George W. Pierce, professor of physics
at Harvard University, when he wrote of the practical result of scientific research:

The history of this development (radio) is a striking example of the manner
in which the labors of scientists in fields of pure research apparently
unrelated to commercial applications may result in discoveries of the
utmost material importance. Maxwell in his search for a rational grasp of
the undulatory theory of light and Hertz in his experimental effort to
establish a relation between electromagnetic force and the dielectric

©2The new determination of speed of light was accomplished by two separate experiments: (1) with a frequency
stabilized laser measured in terms of the cesium frequency standard; (2) the wavelength of a similar laser measured
in terms of the krypton length standard. The product of frequency and wavelength gives the speed of light.
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polarization of insulators were unwittingly laying the foundation for
radiotelegraphy, which is, in fact, after all only a single development from
among a host of other consequences of perhaps even greater significance
that have grown out of the remarkable discoveries of Maxwell and Hertz.

From: Principles of Wireless Telegraphy, George W. Pierce, McGraw-Hill Book Co., New
York, 1910, p. 328.

Even earlier, in 1906, Arthur E. Kennelly, professor of electrical engineering at
Harvard University, as he “dipped into the future, far as human eye could see,” stated in
the introduction to the Preface of his book, Wireless Telegraphy:

Wireless Telegraphy is a wonderful fascinating subject. It has come to
abide. It is ubiquitous in range, and there is no corner of the world, above
the level of conductors, which is exempt from the play and passage of its
ethereal waves. The laws obeyed by these waves, when stated without
embellishment, vie with fiction in wonderment and interest. The
possibilities which these waves hold in store for the benefit of man can at
present only be guessed at, but they are probably great, judging from the
importance of the work already done.

From: Wireless Telegraphy, Arthur E. Kennelly; Moffat, Yard and Co., New York, 1906.
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Chapter II

THE EARLY YEARS OF RADIO AT NBS'

INTRODUCTION

Three developments occurred in the scientific and technical world during the latter
part of the 19th century that were to have a profound effect upon man’s entire world in the
20th century. These were:

1864—Clerk Maxwell established a fundamental concept of electromagnetic waves,
resulting in “Maxwell’s equations.”

1886—Heinrich Hertz verified experimentally the existence of electromagnetic waves,
thus confirming Maxwell’s theoretical studies.

1895—Guglielmo Marconi transmitted his first wireless signals near Bologna, Italy.

Marconi’s successes led to the first transmission of wireless signals across the Atlantic on
December 12, 1901.

EVENTS THAT BECAME PROLOGUE

It was but 9 months before Marconi transmitted the letter “S” across the Atlantic by
wireless that the Enabling Act to establish the National Bureau of Standards was enacted
on March 3, 1901. During the next several years the Bureau was busying itself to make the
move from its downtown location to a new and remote location far out on Connecticut
Avenue in northwest Washington. There it would be relatively free from the disturbing
effects of noise and vibration of urban activity, and of the effects of electrical and magnetic
disturbances upon sensitive laboratory equipment. Fifty years later, the radio projects of the
Bureau had to “flee” from the metropolitan area of Washington in order to escape the
disturbing effects of radio interference and noise; the flight was to Boulder, Colo.

In another 15 years the remainder of the Bureau was fleeing the city to suburban
Gaithersburg, Md.

1. Louis W. Austin comes to the Bureau, 19042

The movement from downtown Washington to the less urban location in northwest
Washington was at a somewhat leisurely pace during 1904. And it was in the late fall of
1904 that a guest worker arrived at the Bureau to begin a new career in the very young

! Because of the greatly expanded and diversified program of radio projects initiated within NBS after World War
I1, and specifically with the organization of the Central Radio Propagation Laboratory (CRPL) as Division 14 on
May 1, 1946, chapters II through VII relate to events and developments from the earliest beginnings of radio within
NBS until the formation of the CRPL.

2 Biographical and other accounts of Louis W. Austin have been lacking in certain areas of authenticated
information, particularly in his relation to NBS. Considerable effort has been made by the author (WFS) to search
for, and to record herein, some of the “missing gaps” in order to gain a better understanding of Dr. Austin’s work
and possibly to correct some of the misinformation that has crept into accounts of his work. Sources of information
included: (a) The file on Louis W. Austin, National Personnel Records Center, GSA (Civilian Personnel Records), St.
Louis, Mo. Referred to hereafter as ““Austin Personnel Record.”; (b) Records of John Howard Dellinger, National
Archives, GSA, Washington, D.C.; and (c) Radio File.
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science of wireless telegraphy (the name “radio” would come later). Dr. Louis W. Austin
came freshly inspired after spending 2 years as an employee of the Physikalisch-Technische
Reichsanstalt (the national standards laboratory of Germany) at Charlottenburg (near
Berlin), Germany.®* In the period of 1901-1902 he had engaged in research work at the
University of Berlin. One must believe that an interest in wireless was kindled by Dr.
Austin during his second sojourn in Germany.

8 Louis Winslow Austin was born October 30, 1867, at Orwell, Vt. He received the A.B. degree from Middlebury
College (Vermont) in 1889, and the Doctor of Science degree from the same institution in 1920. After attendance at
the University of Strassburg (Germany), Austin continued graduate studies on a fellowship for 2 years at Clark
University. He received the Ph. D. degree from the University of Strassburg in 1893.

4 Austin’s employment with the Physikalisch-Technische Reichsanstalt was most unusual. In a letter by John J.
Esch, U.S. Representative of Wisconsin, to George B. Cortelyou, Secretary of Department of Commerce and Labor,
dated May 17, 1904 (Austin Personnel Record), Esch stated in part:

. . . His present duties with the German Government concern the German Bureau of Standards.
Dr. Austin’s standing in science and mathematics was of so high a character, that he received
appointment from the German Government and there is but one other instance where an
American has been tendered a civil office in any official capacity in Germany. Dr. Austin is at
present under Prof. Kohlrausch, one of the leading authorities of Germany, and for some time
was associated with Prof. Roentgen, of Munich....

Louis Winslow Austin

The name and work of Louis Winslow Austin were associated closely with the Bureau of Standards for 28 years, yet
he was never a member of the Radio Section nor was his salary paid directly from Bureau funds.

Austin was born at Orwell, Vt., October 30, 1867, and received the A.B. degree from nearby Middlebury College
in 1889. He received the Ph. D. degree from the University of Strassburg (Germany) in 1893. After teaching physics
for 9 years at the University of Wisconsin he returned to Germany and was employed for 2 years at the
Physikalisch-Technische Reichsanstalt. While in Germany Austin became interested in wireless telegraphy. In
1904 he entered the Bureau of Standards as a guest worker and made a study of detectors of electrical oscillations.

From 1908 to 1923 Austin was employed by the Navy Department and headed the United States Naval Wireless
Telegraphic Laboratory, located at the Bureau of Standards. During this period he conducted pioneering studies in
radio wave propagation. These studies led to a 1911 publication of the semi-empirical formula now well known as
the Austin-Cohen equation. Then, in 1923, Austin headed the Laboratory for Special Radio Transmission
Research, located at the Bureau of Standards but financed by outside funds. During this period Austin’s research
continued in radio propagation, but with greater attention to the properties of the ionosphere and to the nature of
atmospheric static.

Early in the 1920’s Austin became closely identified with the International Scientific Radio Union (URSH,
serving in several capacities, both in the American Section and internationally. He was honored with the
presidency of URSI several months before his death. Austin was the third president of the Institute of Radio
Engineers, and in 1927 was awarded its Medal of Honor. Of his 100 research papers, approximately two-thirds
related to radio transmission and from these he gained world recognition. Many of his earlier papers appeared as
Bureau publications. (For a more detailed account see pp. 29-38.) The accompanying photo was published in the
January 1923 issue of Radio News.
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During his 2-.year employment in Charlottenburg, Austin was in frequent
correspondence with Dr. Stratton, director of NBS (the records are not clear how Austin
first made his acquaintance with Stratton). Among the various subjects discussed in their
correspondence (Austin Personnel Record) was that of enticing an expert glassblower in the
Berlin area to come to the Bureau in Washington. After much negotiation, no success was
reached in getting either of two candidates to move to America.

Most significant of the subjects of their correspondence was that of Austin’s request to
becomne a member of the Bureau staff at a fairly high level.” In a letter to Austin, dated
September 23, 1904 (Austin Personnel Record), Stratton stated, in part:

In regard to the appropriations for the year, I would state that while we
were allowed several new places none of them were over $1600 per year.
Since the total amount of our appropriation was somewhat limited, owing
to the economy of Congress at the session preceding the Presidential
election, we were compelled to add several minor positions which were very
much needed in connection with work which has already been established.
However, we shall be pleased to see you in America, and I hope that some
day we may have you at the Bureau.

Within a short time (1904) Austin would arrive at the Bureau, but for the next 4 years
he would be supporting himself as a guest worker in order to pursue his desire of working in
the growing field of wireless telegraphy. (There is some evidence that he may have received
some remuneration from a wireless telegraph firm.)

It is in an early paper of Dr. Austin, published as Scientific Paper 22 in the Bulletin of
the Bureau of Standards, that we find the first evidence of radio work at the Bureau. The
paper, entitled “Detector for very small alternating currents and electrical waves,”’ was
published November 1905 [1]. This paper describes Austin’s investigation of electrolytic
detectors (an effective and popular detector in the early 1900’s; much superior to the
coherer) consisting of copper electrodes in a solution of copper sulphate. Austin stated that
he had noticed the rectification property a number of years earlier. At the Bureau he tested
the rectification properties of the device with radio waves.

Austin’s interest in radio detectors continued for several years. His investigations
covered a variety of detectors: electrolytic, silicon, tellurium, each with various kinds of
metals to make contact with the material having the rectification properties. This research
was in the field of semiconductors that was to come into such great prominence many years
later in the development of transistors and similar devices. Although his explanations, as
well as those of other investigators, of the rectification properties were slanted largely in the
direction of thermoelectric action, nevertheless Austin was learning the properties of
semiconductors at the early stage of a new field of physics.

In a Bureau paper published in 1908, Austin gives credit (as do the historians) to
Greenleaf W. Pickard for the development of the silicon detector in 1906 [2]. Nevertheless
there is some reason to believe that Austin’s investigations of the silicon detector may have
predated those of Pickard.®

In 1910 Austin published an account of his studies of the sensitiveness of a variety of
radio detectors, including the Fleming vacuum valve and the de Forest audion [3]. By now
Austin’s interests were in the direction of the transmission properties of radio waves and he
wrote less thereafter on instruments.

°In the early editions of the American Men of Science ratings were taken by fellow scientists for the order of
distinction of workers in the several sciences. The 1903 rating included 150 in the field of physics.* Although Austin
had not yet engaged in research in radio propagation (for which he became world famous), he already was
recognized in physics and received a rating of 102 in the order of distinction. For information on ratings of NBS
scientists, see Cochrane, Measures for Progress, p. 99, footnote 89.

*Published in 1906 and reprinted in the Fifth Edition of American Men of Science (1933), pp. 1269-1271.

®To pursue further information on this subject, the reader is referred to Fessenden’s Letter to the Editor, entitled
“Austin thermo-electric wave detector,” in the November 10, 1906, issue of Electrical World, and Pickard’s reply,
entitled “Thermo-electric wave detectors,” published in the November 24 issue of the same periodical.
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2. Louis Cohen enters the Bureau, 1905—And stays awhile

Within a short time after Dr. Austin came to the Bureau, Louis Cohen, with a Ph. D.
degree recently received from Columbia University (1905), entered the Bureau as a Civil
Service employee. He entered as 1 of about 15 laboratory assistants assigned to about an
equal number of employees of scientific professional status.” His work assignments were
with Dr. Edward B. Rosa who headed the electricity projects and specialized in the
inductance and capacitance investigations. Dr. Cohen’s first Bureau paper was coauthored

7 A folder in the Boutell Collection, dated November 3, 1905, lists Louis Cohen as a laboratory assistant. The folder
lists all scientific and technical personnel.

HBoard of Misitors

Dr. IRA REMSEN., President of Johns Hopkins University.

Dr. HENRY S. PRITCHETT, President of Massachusetts Institute of
Technology.

Dr. EDWARD L. NICHOLS, Professor of Physics, Cornell University.

Dr. ELIHU THOMSON, Electrical Engineer, Lynn, Massachusetts.

Mg, ALBERT LADD COLBY, Metallurgical Engineer, New York.

Srientific Staft

Samuver W, Stratron, Director.

Epwakp B. Rosa, Physicist.

WiLLiam A. Noves, Chemist.

Louis A. Fiscuer, Associate Physicist.
Frank A WoLFF, Associate Physicist.
CuarLes \WW. WarpNer, Associate Physicist,
GeorGe K. BuUraess, Associate Physicist.
Henry N. Stokes, Associate Chemist.

Noan F. Dorsey, Assistant Physicist,
ALRERT S. MERRILL, Assistant Physicist.
Morron G. Lrovp, Assistant Physicist

PerLey G NerTiNg, Assistant Physicist,
I'REDERICK W, GrOvER, Assistant Physicist
Fowarn P Tlvpe, Assistant Physicist.
Hewrrert B, Brooks, Assistant Physicist.
IFrankLIN S, DUrston, Assistant Physicist.
Canmpeeenn 10 AWaTers, Assistant Chemist,
Joux R. Carn, Assistant Chemist.

Jonx C. Brake, Laboratory Assistant.
Honerr C. DickiNsox, Laboratory Assistant,
Rov Y. Frrxer. Laboratory Assistant,
Narnan S Ossorye, Laboratory Assistant.
Grorce W, MinpLEKAUFF, Laboratory Assistant.
Francis E. Capy, Laboratory Assistant,
Winniam W, Coreentz, Laboratory Assistant.
Henky C. P. WeReR, Laboratory Assistant.
Craene C. Corrtx, Laboratory \ssistant,
Eraexe 19 MueeLiek, Laboratory Assistant,
Artier T PiENkowsky, Laboratory \s<sistant,
Lovis Conexn, Laboratory Assistant

J. V. S Fisuer, Laboratory Assistant

Hexky D, Hussakn, Secretary.
CiiarLes I, Sponsier, Engincer.
Daxtet E. Dourty, Librarian.

The name of Louis Cohen appears on this very early listing of the Bureau’s scientific staff. Cohen engaged in earliest
mathematical work at the Bureau on electrical circuits at radio frequencies. Frederick W. Grover, a college
professor, worked at intermittent periods in later years on radio projects. The listing is a copy taken from an
original two-page folder, dated November 3, 1905—a part of the Boutell Collection (see p. 804). The folder probably
served as a directory; the other page listed operational functions in various rooms of the two existing buildings.
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with Dr. Rosa on the subject of the mutual inductance of two circular coaxial coils of
rectangular section, published September 1, 1906. They continued to coauthor papers as well
as individually write papers relating to inductance problems. However, Cohen’s interest
soon turned toward the properties of coils at frequencies extending toward the radio region
[4]%° His treatment of the problems was both theoretical and experimental.

Cohen left the Bureau in 1908 to pursue the career of a radio engineer. He did have
close associations over many years with the Army Signal Corps Radio Laboratory
established at the Bureau in 1908."° Cohen also participated in lecture courses at the Bureau
in connection with the educational programs.

During his 4 years on electricity projects, Cohen published a number of the Bureau'’s
early Scientific Papers in the Bulletin of the Bureau of Standards. These papers were
largely mathematical discussions of inductance and of circuits involving inductors.

3. The Navy ensconced at NBS—Some pioneering efforts in radio

Louis W. Austin came to NBS in 1904 and remained until his death in 1932, first as a
guest worker, then as an employee of the Navy Department, and third as a Civil Service
employee but with salary paid from an outside source. Probably no other person in the
Bureau’s 75 years, who was not compensated by Bureau funds, has enjoyed the privileges of
its laboratories and given so much prestige to the institution as did Dr. Austin during his 28
years of relations with NBS. He had a marked influence on the propagation studies of the
Radio Section and the later Central Radio Propagation Laboratory.

With the vast possibilities of wireless telegraphy for communications, yet encountering
perverse problems, the Navy set up a research facility at the Bureau in 1908 to study this
growing field of science and technology. It was the result of the director, Dr. Stratton,
offering the Navy Department the facilities of NBS as an aid in solving their problems with
communications equipment [5]. Dr. Austin came into employment of the Navy and was
selected to head the new facility that was named the United States Naval Wireless
Telegraphic Laboratory."” From 1908 until it became a part of the newly established Naval

81t is a matter of interest that the first reference to work relating to radio listed in the Bureau’s annual reports
was given in the 1906 Annual Report to the Secretary of Commerce and Labor. It stated that: “Condensers and
inductance (sic) have been tested for educational institutions and the Government, including standards of
capacitance and inductance and instruments employed in wireless telegraphic work.”

Author’s (WFS) note: The rather indiscriminate use of the electrical terms for objects and for properties is quite
evident in early NBS publications. There is interchange of the terms capacitor (“condenser” was the more widely
used term) and capacitance, also inductor and inductance. Today NBS is more careful in the usage of these terms.
%In the biography by Helen M. Fessenden, entitled Fessenden, Builder of Tomorrows (Coward-McCann, New York,
1940), it states in chapter 15, p. 148, in relation to the development of several types of continuous-wave oscillators
by Fessenden that:

Some of these gave very good results. Bureau of Standards tests on the compressed nitrogen gap
showed one-half kilowatt of pure sine waves at frequencies measuring as high as 2,000,000.

From other information in the chapter these tests would have been performed in the period of 1903-1904. However,
the National Bureau of Standards had no facilities to perform such tests until about 1920 or later. In answer to an
inquiry of the National Archives and Records Service, their letter of July 19, 1972, stated:

A search of NBS Test Folders for the years 19011904, now in the custody of our Washington
National Records Center (GSA), failed to disclose any tests performed for Reginald A. Fessenden,
or for other Government agencies or private firms with which he might have been associated,
relating to his research in wireless telegraphy.
“For a number of years the Army Signal Corps Radio Laboratory at the Bureau was under the guiding hand of
Ernest R. Cram. The Laboratory was gradually phased out during the 1920’s.

"1n a letter from the director to the Bureau of Equipment, Navy Department, dated September 28, 1907 (Austin
Personnel Record), Dr. Stratton stated:

During the past two years Dr. L. W. Austin has been working at the Bureau of Standards on
wireless telegraph problems. The Bureau has never had any appropriation for this work, hence
Dr. Austin has been merely a guest. In the meantime he has had some connection with one of
the commercial wireless telegraph companies.

It has occurred to me that Dr. Austin would be an excellent man for the Navy Department in
case it wishes to take up any experimental work along that line, hence I have asked him to call
upon you and state what his work has been.

In case the Navy Department desires to make any arrangement with Dr. Austin the Bureau of
Standards would be pleased to extend him the same facilities as in the past.
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Research Laboratory in Bellevue, Anacostia (southeast Washington) in 1923, this facility at
NBS was known by several names, the last being the U.S. Naval Radio Research
Laboratory.'?

During the 15 years of operation on the Bureau grounds, the Navy facility was staffed
with both civilians and Navy personnel. From 1908 to 1920 Austin had the valuable
assistance of George H. Clark, particularly for his wave propagation studies."

Beginning with the Navy’s wireless communications problems in the late summer of
1908, Austin’s investigations for the next 15 years covered a variety of subjects such as:
detectors, antenna characteristics, properties of circuits, and energy losses in condensers.
But it was his propagation studies that were most fruitful and brought lasting fame.

The Navy became interested in determining the range of radio-telegraphic
communication between ships and between ships and shore stations. In his first quantitative
tests, Austin selected the powerful station at Brant Rock (south of Boston, Mass.), operated
by the National Electric Signaling Co. (Fessenden), as the land-based station, leasing the
station for Navy use. Late in 1909 and during 1910, two Navy ships, fitted with transmitters
and receivers, sailed the Atlantic out to distances of more than 1000 miles from Brant
Rock.! Observations at 1000 and 3750 meters were taken of the RF current in the receiving
antennas under conditions of night and day and at various distances from the several
transmitters (Brant Rock and the two ships). The result led to the well-known Austin-Cohen
equation or transmission formula for expressing the magnitude of the received signal in
terms of the transmitted signal [6].'*"" In 1913 measurements were made of NAA, the Navy’s
Arlington (Virginia) station (3800 meters) from a ship out to more than 2000 miles distance.

2 During the length of Austin’s career at NBS his 100 published papers showed a variety of organizational sources,
yet all were related to NBS. In addition to using the name Bureau of Standards, Austin used the designations of:
U.S. Naval Wireless Laboratory, U.S. Naval Radio-Telegraphic Laboratory, U.S. Naval Radio Research Laboratory;
plus his position of physicist-in-charge, Director, or Head. After resigning from the Navy Department in 1923 and
becoming associated with the Bureau, he used the designations of: Radio Physical Laboratory, Chief; and
Laboratory for Special Radio Transmission Research, often with the addition of “Bureau of Standards,” but then
again without.

BGeorge H. Clark was a graduate of MIT. In 1920 he joined the Radio Corp. of America and later became an
historian. His voluminous collection of “Radioana” was deposited in the Engineering Library of MIT. The Clark
Collection is now located in the Division of Electricity and Nuclear Energy, Smithsonian Institution, Washington,
D.C., and is a treasure trove for the history of radio and electronics.

4Dr, Dellinger in an address to the Boulder Laboratories in 1961, stated, in speaking of Austin:

A precursor of the Bureau’s own radio work was that of Dr. Louis W. Austin who conducted the
U.S. Naval Radio Research Laboratory located at the Bureau from 1905 on.* He was the
“American pioneer” in radio research. He worked on means of generating and detecting radio
waves. He published studies of detectors of that day, various kinds of crystals, electralytic
detectors, Fleming valves, and audions. He was famous principally for his semiempirical formula
for long-distance-received field strength at low frequencies, VLF and LF. He started that work in
1909 and it is the mistaken idea that that was part of the Bureau of Standards work which led to
mention of the date (1909) in the printed program of this meeting.

In the “Program for National Bureau of Standards 60th Anniversary, 1901-1961, Boulder Laboratories” it was
stated under the caption of “Central Radio Propagation Laboratory” that, “NBS research in radio propagation
dates back to 1909 with radio work established as a section of the Electricity Division in 1913.” It was this
statement in the program that Dellinger wished to correct. In reality, the radio propagation work of NBS did not
begin until the early part of the 1920’s. See chapter VII.

*Correctly, 1908.

% During the 1910 experiments with the Brant Rock station, Louis Cohen assisted Austin in the measurements.
Although Cohen’s name did not appear as a coauthor with Austin on the original transmission paper, his name has
become associated with the transmission formula. Because of his mathematical ability, one is inclined to believe
that Cohen had a definite part in developing the semiempirical formula. In fact, Austin stated in his paper, entitled
“Some Quantitative Experiments in Long-Distance Radiotelegraphy” (cited in [6]), that Cohen had observed certain
characteristics of the formula during the course of its development.
1$1n its initial form the Austin-Cohen equation indicated the current in the receiving antenna. In the early 1900’s
the only reliable radio frequency measurement instrument was the ammeter (weak signals in a receiving antenna
were measured with a variable shunt across a telephone receiver, calibrated in terms of RF current). In later
versions the equation indicated the received signal in microvolts per meter.

The received signal is dependent, of course, upon the radiated power of the transmitter and its distance. Of
particular interest to Austin and other investigators (theoretical approach first by Sommerfeld in 1909) was the
exponential term (or scattering term) in the equation which is dependent upon the attenuation factor, distance, and
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In a report to the International Scientific Radio Union (URSI), October 1927 , as
Chairman of the Commission on Radio Propagation, Austin was somewhat pessimistic of his
formula as indicating the true values of field intensity of the lower frequency radio waves
propagated over long distances. To quote:

Since the discovery of the great variability of the signal intensity at
different times, the general interest in transmission formulas has been
much diminished, as it is evident that any formula laying claim to general
accuracy would be so complicated that it could hardly be of practical value
even if our knowledge of the subject were sufficient to derive it. The most
that can be claimed for any of the formulas thus far suggested is a very
rough approximation to the actual results averaged over very long periods.
Thus far there has been no attempt to produce a formula applicable to the
ultra short waves [7].

Time proved that Austin was overly pessimistic of his formula. He had come to realize,
however, that:

The somewhat confused picture, which we have gained is rather that
masses of ionized gas forming an extremely irregular and shifting lower
surface if we are dealing with reflection and possibly with openings through
which the rays may pass at times to higher levels before being turned back
toward the earth.

Today, we know that the ionosphere is a complex structure and subject to much variation.

Although Marconi had observed the increased strength of low frequency signals at
night over long distances as early as 1902, Austin’s studies of the vagaries of long-distance
transmission, beginning in 1909, were exploratory and were to be his chief interest during
the remainder of his life. Both Kennelly and Heaviside had independently suggested in 1902
the existence of an electrically conducting layer above the Earth to explain Marconi’s
observations. However, it remained for Austin to explain, by his own observations, that the
vagaries of transmission are caused by changes in the ionized layer.

From 1911 until his death in 1932, Austin wrote nearly 70 papers relating to the
propagation of radio waves (a few of these papers were published concurrently as similar
papers in several publications).”® His first study was propagation over salt water. This was
followed later by observations over land, as well as combinations of land and sea. His early
observations of the vagaries of transmission, due to diurnal and seasonal effects, led him
into many avenues of research. His second propagation paper in 1913 was on the subject of
day and night effects. Then came a paper in 1915 on seasonal effects.

After a decade of observing radio signals at low frequencies, Austin could hardly escape
the deleterious effects of atmospheric disturbances of “static” upon the weaker signals. He
brought out his first paper on this subject in 1921, describing the characteristics of static
and advancing explanations on the sources. During the next 2 years he published a series of
bimonthly reports in the Proceedings of the Institute of Radio Engineers (Proc. IRE) on

wavelength. It was this attenuation factor, that expresses the loss of energy in the ground wave and in the
skywave, that intrigued Austin in later years. He found that the skywave was subject to diurnal and seasonal
variation, also to sunspot cycles.

The Austin.Cohen transmission formula is generally applicable in the frequency range from 20 kHz to the
broadcast range beginning at 550 kHz.
"In later years other investigators became interested in the quantitative measurements of radio waves over long
distances, and especially in transatlantic transmissions. These investigations led to various values of the constants
in the exponential term of the Austin-Cohen formula.

'® A listing of Dr. Austin’s 100 papers is given in Letter Circular 194, revised July 1, 1964 by Charles L. Bragaw for
internal use at the Boulder Laboratories, Department of Commerce, entitled “List of scientific publications of the
Laboratory for Special Radio Transmission Research, formerly the U.S. Naval Radio Research Laboratory, by L. W.
Austin.” Seventy-five of Austin’s publications are gathered into a binder, entitled “Collected Papers of Dr. Louis
Winslow Austin, 1900-1932.” The binder has been catalogued in the Department of Commerce Library, Boulder,
Colo.

Austin’s bound volumes of the Proc. IRE, Vol. 1 (1913) through Vol. 15 (1927) were given to NBS October 13,
1932, and designated “From the Library of Dr. L. W. Austin.” They now form part of the set of the Proceedings in
the Boulder Laboratories, Department of Commerce Library.
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observations of atmospheric disturbances, as well as signal-strength observations of powerful
radio transmitters.

Austin’s observations of radio transmission over long distances, plus his studies of the
relations of atmospheric disturbances to solar activity, eventually led him to an awareness
of the dependence of certain characteristics of long-distance transmission upon changes in
solar activity. His first presentation of such observations was to the American Section of
URSI on April 21, 1927 [8]."%%

Shortly before the formation of the Naval Research Laboratory at Anacostia on July 1,
1923, Dr. Austin resigned from the Navy Department because of ill health. Although in poor
health, he continued his radio-wave studies for the next 9 years as an employee of the
Bureau of Standards.?"® He died on June 27, 1932, after a serious operation.

1 The conclusion to his presentation is of much interest today as we view it in retrospect.

In conclusion, the observations show with considerable certainty that there is a general increase
of signal strength with increasing sunspot numbers. There also appears to be a possible periodic
relationship between the sunspot numbers and daylight signals, in which, in the case of most
stations observed, the signals are nearly in opposite phase to the periodic changes of the
sunspots. This is in agreement with the results of Pickard in the broadcasting range. While the
work thus far must be considered to be in the preliminary stage, it seems probable that the
relations of solar activity and radio phenomena will be found to be as worthy of study as those of
solar activity and terrestrial magnetism.

D1 ater, in 1928, in his address at the time of being inducted as president of the Institute of Radio Engineers,” Dr.
Alfred N. Goldsmith in handing accolades to the former presidents, said of Dr. Austin:

. who has literally been a right hand of the Government in radio matters and has shown the
way in orderly measurement of complicated radio transmission phenomena.
*Proc. IRE, Vol. 16, No. 3, Mar. 1928, p. 252.

20p July 1, 1923, Austin joined the Bureau of Standards, transferring as a Civil Service employee from the Navy
Department where he had been classed as a Radio Aid at a salary of $4000. In a new position set up at the Bureau,
he was classed as a Scientist (Physicist) in charge of a unit in the Electrical Division (rather than a unit of the
Radio Section) to be known as the Laboratory of Radio Physics, the salary to be $4000 (Austin Personnel Record).
The transfer papers indicate that, initially, Austin’s salary was paid from an appropriation titled, “Radio Research,
Bureau of Standards.” However, this support was of short duration, as indicated in footnote 22.

The transfer papers stated that:

Dr. Austin is an expert in radio and has been employed by the Navy Department for many years.
He is familiar with the Bureau’s work, having been detailed to the Naval Radio Laboratory
located at the Bureau of Standards. The Navy Department is unable to continue Dr. Austin on
their rolls on account of shortage of funds and the proposed transfer has been informally
approved.

Austin’s Classification Sheet, dated July 23, 1923, showed that:

The object of the laboratory of which this employee is the head is the investigation of the purely
scientific aspect of radio telegraphy. It involves especially the study of the propagation of radio
waves over the surface of the earth and connected phenomena, including the natural radio waves
called atmospheric disturbances. This work has been going on for the past fifteen years under
the Navy Department and will to a considerable extent still be carried on at the stations of the
U.S. Navy and of the commercial companies.

On supervision, the Classification Sheet stated:

On his own responsibility as to the technical and scientific details, under the supervision of the
Chief of the Division and the Director of the Bureau.

Noteworthy, on this last point, is the fact that although Austin was located in the Radio Building with the
Radio Section, he was not a staff member of the Radio Section under Dellinger, but was of a unit of the Division
Office under E. C. Crittenden. Many documents in the Austin Personnel Record indicate this relationship.
2Two documents among the Dellinger papers at the National Archives (NN365-90, Box 11) appear to clear up the
matter of Dr. Austin’s relation to NBS during the period of 1923 to 1932, and the financial arrangement set up to
support the “Radio Research” project. One of these documents, probably prepared jointly by Austin and Dellinger
(but not so indicated), could have served various purposes; it stated:

Work Of The Radio Transmission Research Laboratory

(Conducted jointly by the American Section of the International Union for
Scientific Radiotelegraphy and the Bureau of Standards.)

This laboratory was established in 1908 at the Bureau of Standards by the Navy Department and
since that time has been in charge of Dr. L. W. Austin, being known until 1923 as the U.S. Naval
Radio Research Laboratory. Its work has always been devoted largely to the investigation of the
physics of radio transmission, that is, the passage of the radio waves over the surface of the
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Dr. Briggs, then acting director (Dr. Burgess, the director, had died but 5 days after
Austin), stated in an obituary [9]:

His devotion to his work speaks for itself in a last treasured note: “I am
going to the hospital tomorrow, and if things should go wrong, I most
earnestly beg of you to see to it that the Bureau continues my signal
measurement work, at least until such a time as all workers are agreed

earth, including the effects of possible reflecting layers and absorbing media in the earth’s
atmosphere, and to the study of the origin and nature of atmospheric disturbances (static).

In 1923 when the Naval research work was concentrated at Bellevue, D.C., the purely scientific
part of the radio work was transferred to the Bureau of Standards. The economy demanded by
Congress made it impossible for the Bureau of Standards to develop the laboratory according to
the original plan and therefore in 1924 it was resolved to seek outside financial assistance for the
work. With the approval of the Director of the Bureau of Standards, the laboratory was then
placed under the joint control of the Bureau of Standards and the International Union for
Scientific Radiotelegraphy which is a part of the National Research Council.

The plans for the future work of the laboratory are in close accord with the program which has
been outlined by the International Union. They include the continuation of the twice daily
observations on a number of long-wave distant stations with the corresponding measurements on
static intensity which are necessary for the eventual comparison of radio phenomena with
meteorological, solar and other natural processes. It is also desired, if a sufficient number of
assistants is obtained, to carry on continuous twenty-four hour observations so as to obtain more
accurate knowledge of the diurnal variations of signal intensity and static. Other subjects of
investigation which have begun in a fragmentary way are the sunrise and sunset effects on
intensity, and the peculiar apparent direction variations both at night and after sunrise and
before sunset. These will probably eventually throw light on the conditions in the upper
atmosphere, far above the regions explorable by meteorological means, which control the
variations and fading in radio transmission that are at present so little understood, especially at
the ultra short wave lengths. Another important subject is the more exact study of static. If we
are ever to learn how to eliminate or avoid this chief difficulty of radio transmission, it will
obviously first be necessary to get a better understanding of its sources and nature.

Radio transmission is in very much the same condition as the electrical engineering of forty
years ago. There has been, of course, large development along practical lines, but it is almost
entirely lacking in a foundation of exact scientific knowledge which must form the basis of a
satisfactory future development.

The present force of the laboratory consists of Dr. Austin and two assistants, one of these being
furnished by the Signal Corps through the new arrangement with the Union. Nearly all of the
apparatus has been loaned by the Navy Department. This force is sufficient only for the carrying
out of routine observations and the necessary computations. The minimum requirements for the
extension of the work as indicated above would be one additional assistant with thorough
scientific training at a salary of approximately three thousand dollars, and an observer who
must be an operator with some training in making scientific observations, at eighteen hundred
or two thousand dollars. The requirements for additional apparatus ‘will amount to from two to
three thousand dollars per year, and if it should become necessary to replace the apparatus
loaned by the Navy Department, about six thousand dollars would be needed.

Of course, it must be understood that more support would enable the problems to be solved with
proportionally greater rapidity. Funds for the laboratory will be placed in charge of the National
Research Council and will be disbursed through them.

The second was a memo by E. C. Crittenden, chief of the Electrical Division (who served as Austin’s supervisor)
to Dr. Fay C. Brown, technical assistant to the director. The memo of January 20, 1925, stated:

Confirming our conversation of today I wish to submit to the Publication Committee the
following statement regarding the form of Dr. Austin’s paper which I handed to you. It is
recognized that the form used does not follow regular Bureau practice in the case of technical
papers in which it is customary to give the author’s title on the Bureau rolls. I am quite sure,
however, that Dr. Austin would prefer not to follow the usual form because he wishes to
emphasize the outside connections of his laboratory rather than its dependence on the Bureau.
Furthermore, as was pointed out to you, there is some Jjustification for maintaining his
laboratory as a separate entity since the work of the laboratory has been carried on for many
years and was for a long time quite independent of the Bureau.

In view of this situation we would suggest that the general form used by Dr. Austin be followed
but that in order to avoid any possible misunderstanding, the title be used exactly as transmitted
to the National Research Council last summer. The title then given to the laboratory was
‘“Laboratory for Special Radio Transmission Research (conducted jointly by the Bureau o