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Foreword
Once again we are fortunate to have six interesting papers recounting various
events, adventures, people, companies, inventions, and milestones in the history of electronic communication. Always of great interest is the discovery of
what we now call radio in the 1890s, the development of technology and use of
FM radio, and radio broadcasting in the United States starting around 1920.
Also described are historical accounts of the use of radio communications on
airplane good will flights, the use of radio communications onboard exploration
ships, and contributions to early radio technology by individuals affiliated with
Harvard’s Cruft Laboratory.
Below is a brief summary of each of the six articles in the order that they appear.
■■ A. David Wunsch concludes his two-part tribute to Harvard’s radio past to
honor major figures that were affiliated with Harvard’s Cruft Laboratory in
the early days of wireless telegraphy and radio. This paper highlights three
individuals who were central to that era, and who were all affiliated with Cruft
Laboratory: Arthur Kennelly, Glenn Browning, and Frederick Drake. Kennelly’s
formal education ended when he was 14, but he went on to become a Harvard
professor, publish hundreds of technical papers and books, and analyze radio
wave propagation in reflecting layers of the ionosphere. Browning and Drake
were Harvard students who designed, analyzed, and built radio receivers for
the growing broadcast consumer market. David tells of his adventures finding
one such radio manufactured by Browning and Drake.
■■ David and Julia Bart describe the history of radio station KDKA which is
arguably the first commercial radio station in the United States to broadcast regularly scheduled music, news, and sports programs. Frank Conrad
was instrumental in this station being on the air. This year 2020 marks the
centennial of the station. David shows many of the pictures he took during a
recent tour given to members of the Radio Club of America, of which he is a
member. We all look forward to the celebrations coming up as November 2,
2020, approaches, which is the actual 100th anniversary date.
■■ Robert Rydzewski concludes his three-part story of radio adventurer Zeh
Bouck. Zeh was the radio operator on the airplane Pilot Radio sponsored by
the Pilot Radio Corporation, which was on a “good will flight” through South
America. Morse code was the primary mode of communications throughout
the flight, by which progress was reported back to the newspapers in the United
States. Bouck rigged up a radio modulator in the field, and long distance voice
communications were established with the help of commercial radio relay
Volume 33, 2020

v

stations to a newspaper reporter. Many hard times were endured during the
adventurous and very difficult flight in 1930, ending in many successes and
some disappointments.
■■ John Gilbert and Jerry Proc recount the history of communications on the
ship St. Roch, which was a Royal Canadian Mounted Police schooner before
World War II. The St. Roch explored the Northwest Passage of Canada in the
Arctic. There were many uses for radio communications when the ship was
frozen in for the winter, for example, to bring news by shortwave radio to
the otherwise isolated northern Canadian inhabitants. Many improvements
in radio technology were introduced during the ship’s service life, and communications equipment aboard was updated several times. After its final voyage, the St. Roch was decommissioned and remains on display at a Canadian
maritime museum. Her story is told in great detail there.
■■ Eric Wenaas examines the priority of the Russian inventor Alexander Popov
over Guglielmo Marconi in the invention of radiotelegraphy around 1895.
Russian political officials have, at the anniversary years in 1925 and 1945,
made claims that Popov was the inventor of radio. There have been investigations before, but Eric has uncovered new original documents to support
his assertions, and to dispel claims. There are several people who discovered
fundamental properties, or created inventions important to radio, but Marconi
is the one who put all these together and made a practical system for communicating intelligence (versus detecting signals) at useful distances and at
useful data rates by employing what we now call radio waves.
■■ Mike Molnar tells the story of the development of FM radio by Edwin Howard
Armstrong. Armstrong had previously discovered the fundamental radio
circuits of regeneration, super regeneration, and superheterodyne. Later
on in his career, he refined the theory of frequency modulation radio and
built a complete and practical system of transmitter and receiver. He then
demonstrated this system and made sure the system was fielded. This was
his very successful effort to increase the fidelity of audio over the radio and
reduce interference. There were also some unexpected benefits of FM radio.
Armstrong is most highly regarded by professional societies for his lifetime
of achievements, capped off by FM radio.
We thank all of our authors for sharing their work with us. I personally thank
each one of them for the cordial interactions we have had while preparing the
manuscripts. I also want to thank our associate editor, Eric Wenaas, and our peer
reviewers who have worked so hard and given so much time to review and edit
vi
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these papers. Finally, I would like to thank Fiona Raven for the wonderful article
layouts that we have come to expect each year—and especially for the original
layouts on the covers of the AWA Review. Fiona’s professional and creative work
never ceases to amaze.
Several years ago, the AWA created the Robert P. Murray Award, in honor
of Robert Murray, long-time AWA Review editor, and now Editor Emeritus, for
excellence in writing in the AWA Review. The second award was presented at the
AWA Conference in Rochester in 2019 to Eric Wenaas, for his years as Review
editor and many years of Review articles. Congratulations to Eric for a job well
done; we know he will continue to write high quality articles in the future.
This has been my first year as editor, having served as an associate editor last
year. I have enjoyed the job greatly and look forward to performing the same
task for future editions. I hope my effort is of the quality you expect. My professional background as a systems engineer in major high-tech companies working
on military weapons systems has prepared me well to pay attention to the detail
needed, and to meet the workload and scheduling requirements. My life-long
amateur radio hobby and interest in all things electronic has provided a deep
and yet broad background in radio communications and electronics of all kinds.
Timothy A. Martin, ME, PE, WB2VVQ
Editor, AWA Review
Lee, MA
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Tips for Authors
The AWA Review invites previously unpublished papers on electronic communication history and associated artifacts with a focus on antique wireless. Papers will
be peer reviewed to verify factual content by peer reviewers whose identity will
remain anonymous. This process gives the AWA Review credibility as a source of
correct historical information. The papers will be edited to provide uniformity
in style and layout among the articles. In general, shorter articles of six to eight
pages (3,000 to 4,000 words) or less should be directed toward the AWA Journal,
which is published quarterly. The AWA Review is intended for longer articles
on the order of 6,000–9,000 words. Longer articles may be accepted with preapproval by the editor, or split into several parts.
The AWA Review will also publish Letters to the Editor as deemed appropriate. Letters should comment on articles published in the previous issue of the
AWA Review or make brief comments on wireless history as it relates to one of
the articles. Letters will not be peer reviewed, but they may be edited. Text is
limited to 400 words and no more than 10 references. The editor reserves the
right to publish responses to letters.
It is strongly recommended that authors planning to prepare an article for the
AWA Review send an abstract of approximately 200 words to the editor describing
the subject and scope of the paper before writing the article, including an estimate
of the number of words. It is never too early to submit an abstract. Space in the
AWA Review is not unlimited, so it is important for both editors and authors
alike to have an estimate of the expected number of articles and number of pages
for each article as soon as possible. The deadline for submissions of manuscripts
in the next issue is January 1, 2021. Papers will be accepted after January 1, but
papers submitted and accepted for publication before January 1 will have priority
in the event that there is not space for all papers submitted.
Authors with an interesting story to tell should not be discouraged by a lack
of writing experience or lack of knowledge about writing styles. The AWA Review
will accept manuscripts in any clearly prepared writing style. Editors will help
inexperienced authors with paper organization, writing style, reference citations,
and improvements in image quality. Edited manuscripts will be returned to the
author along with comments from the editor and anonymous reviewers for the
author’s review and comment. The manuscript will then be set in its final form
and sent back for one final review by the author. Normally, only one review of
the layout will be accommodated.
To summarize, please submit completed manuscripts by January 1, 2021 (or
earlier if possible) in three separate files:
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1) A manuscript file without embedded figures or figure captions using Microsoft
Word or other software that is compatible with Word. The manuscript should
have a 200-word abstract, a main body with endnote citations and endnotes,
acknowledgements, and several paragraphs summarizing the author’s background. The author should also enclose a recent photograph focusing on the
head and shoulders.
2) A figure folder, with one figure per file, with numbered figures and files that
match the figure callouts, which must appear in at least one sentence of the
manuscript text. Each figure file name should have several words of descriptor
related to the image, in addition to the figure number.
3) A figure caption file with a description of each figure and an attribution
identifying its source. You may use the articles in this issue as a template for
the style and format of your paper. For more information, consult the AWA
website at http://www.antiquewireless.org/awa-review-submissions.html.
Please feel free to contact me as editor for the AWA Review for any questions.
Timothy A. Martin, ME, PE, WB2VVQ
Editor, AWA Review
Email: AWAReviewEditor@AntiqueWireless.org

x

The AWA Review

Harvard’s Radio Past: A Sort of Memoir
Continuation Part II
© 2020 A. David Wunsch
This paper is the conclusion of my essay in the 2019 edition of this journal where I began
my discussion of Harvard University’s fruitful contribution to wireless telegraphy and
radio in the first third of the 20th century. This first installment focused on two faculty
members, Emory Leon Chaffee and George Washington Piece, who were affiliated with
Harvard’s Cruft Laboratory. This final chapter treats Arthur Kennelly, Glenn Browning and
Frederick Drake. Kennelly was a Harvard professor while Browning and Drake, sometime
students at Harvard, became known for the 1920s era receiver that bears their names.

Arthur E. Kennelly
By the time Arthur Kennelly retired
from the Harvard faculty in 1930, he
had published over 300 papers in various
technical journals as well as 10 technical
books, of which he was sole author, and
coauthored several others. However, his
name would be important in the history
of radio if he had just published just one
paper: “On the Elevation of the Electrically Conducting Strata of the Earth’s
Atmosphere,” which appeared in Electrical World and Engineer, an American
magazine, in March of 1902.1 Indeed,
it is likely that this work gave him the
chapter he received in Orrin Dunlap’s
book on the history of radio.2
After Marconi’s historic experiment
of December 12, 1901, when he received
the Morse code signal for the letter “S”
in St. John’s Newfoundland, which
was transmitted from Poldhu, Cornwall, England, the world of engineers
and mathematical physicists was roiled

by the question of how the transmitted
wave passed through or over the apparent mountain of salt water separating
transmitter and receiver. No picture of
electromagnetic wave propagation (modeled on the straight line movement of
light waves) could explain this, although
some efforts were made to argue that
the received signal was possible from
a wave creeping along the earth while
others suspected that the diffraction of
the transmitted wave by the spherical
ball that is the earth made reception
possible.3
Into this confusing situation stepped
Arthur Kennelly, a British subject of Irish
ancestry, who had settled in America.
Kennelly suggested that the wave, once
launched from the transmitter, could be
returned to earth by being reflected from
a conducting layer in the upper atmosphere—an upper stratum of ionized
air. Basing his work on J. J. Thomson’s
research on the conductivity of rarefied
Volume 33, 2020
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gases at low pressure, Kennelly’s conjecture was, in fact, proven in the 1920s by
Edward Appleton through his establishing experimentally the existence of what
later became known as the ionosphere,
which consists of several layers. Kennelly
hypothesized that his layer might be as
high as 56 miles or as low as 46 miles.
The current Wikipedia lists it as ranging
between 56 and 93 miles.4
In December of the same year as
Kennelly’s piece, there appeared in the
10 th edition of the Encyclopedia Britannica an article by the famous English
engineer/mathematician Oliver Heaviside, who opines “there may possibly be a
sufficiently conducting layer in the upper
air…. Then the guidance [of the wave]
will be by the sea on one side and the upper
layer on the other.” This entry was based
on something Heaviside wrote in June
of 1902—three months after Kennelly’s
article appeared. The term KennellyHeaviside layer, which explained reception beyond the horizon, was preserved
for decades after Appleton’s proof of the
ionosphere. Americans seemed more
inclined to give credit to both individuals than the British who favor their own
man. For example, the English publication The Practical Wireless Encyclopedia
by F. J. Camm (7th edition) of 1939 refers
only to the Heaviside Layer while the
American text, The Radio Engineering
Handbook (1 st edition) of 1933 speaks
of the Kennelly Heaviside Layer, as does
the American Radio Amateur’s Handbook
of 1929.
Kennelly’s papers ended up at the
Harvard University archives and they
occupy perhaps a dozen boxes. Con2
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cerned with his own posterity, we can
find a coat of arms/bookplate he designed
describing his engineering and scientific accomplishments. Also, on file is
an extensive biographical essay by Vannevar Bush and presented to the National
Academy of Sciences in 1940, the year
following Kennelly’s death.5 Bush was
a distinguished scientist/engineer who
in 1940 became head of the National
Defense Research Committee to direct
the coming American war effort in science. There is one significant aspect to
Kennelly’s life that is nearly absent from
this gold mine of his correspondence,
list of honors and biographical essays.
Yet, Kennelly, aside from his eponymous
layer and a mathematical contribution
that I’ll treat presently, looms large in an
aspect of American history which, like
his sometime boss Edison, he probably
wanted to forget: the use of the electric
chair as capital punishment.
On his list of approximately 300 publications, mostly all having to do with
electrical engineering, one title stands
out as an anomaly: “Does Execution
by Electricity, as Practiced in New York
State, Produce Instantaneous, Painless
and Absolute Death?” This was published
in The Electrical World on February 16,
1895.6 Unlike nearly all of Kennelly’s
papers, this one has a coauthor—a medical doctor Augustin Goelet. This paper
opens to a window of both social history
and engineering as practiced in 19th century America.
The latter portion of that epoch was
a period of humanitarian social reform.
Among its unintended byproducts was
an episode that has become known to
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historians as “the current wars.” Briefly,
because of growing widespread revulsion
over public hangings, the legislature of
New York State resolved to end them
with their being replaced with death by
electrocution—the first state to do so. In
1889 the New York State Assembly passed
America’s first electrical execution law.
The bill did not specify whether alternating or direct current should be used.
The first attempt at urban incandescent illumination in America was the
Pearl Street station of Thomas Edison,
which served customers over an area of
around ¼ square mile, starting in September of 1882. The area was of necessity
small, principally because Edison used
direct current. Because transformers
could not be employed, this meant that
the voltage appearing at Edison’s light
bulbs would be whatever was generated
at the power house less the ohmic voltage
drop in the lines.
Into this potentially lucrative market
leaped George Westinghouse, who got
into electric power generation and distribution two years after Edison opened
Pearl Street. It was Westinghouse’s great
advantage that his system used alternating current, which meant of course
that he could send high voltages along
his power lines and drop the potential
to around 100 volts by means of neighborhood transformers. High voltage on
the lines, as compared to Edison’s 100
volts, meant that the current sent along
the wires could be many times less than
Edison’s currents; this resulted in less loss
in the lines and a smaller investment in
the expensive copper needed to fabricate
the lines.7

Edison’s DC system was limited to
dense urban areas. Westinghouse’s first
AC power plant went on-line in Buffalo
in 1886, and by the fall of 1887 he had
68 central generating stations in operation compared to Edison’s 121—even
though Edison had several year’s head
start. In the discussion leading up to the
passage of the New York State bill and
preceding the first electrocution, Edison
argued—his motive was obvious—that
the current used should be AC, which
he asserted was more lethal.
Arthur Kennelly immigrated to the
United States in 1887, and at age 26,
became assistant and consulting engineer
to Thomas Edison. He became one of
Edison’s most trusted technical people
and was a source of mathematical expertise, an area where the older man was
notably deficient.
Over the following year, Kennelly
and another Edison employee, Harold
Brown, began to execute animals using
both AC and DC with an eye to showing
the former to be more dangerous. Some
of these experiments were performed
before invited guests.8
Because of these demonstrations
and a subsequent one at the Edison’s
Menlo Park laboratory in New Jersey
on December 5, 1888, where Kennelly
and Brown electrocuted a horse weighing
1,230 pounds with AC current in front
of a group containing the chairman of
the death penalty commission. It is not
surprising that the first electrocution of
a condemned man in New York State,
which took place on August 6, 1890,
at the State Penitentiary in New York,
employed alternating current.
Volume 33, 2020
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The prisoner was strapped into the
first electric chair. He was administered
1,000 volts AC for 17 seconds. Apparently, he was dead, and the power was
shut off. Then a horrified witness saw
that he was breathing. The current was
switched back on—perhaps for as much
as two minutes, no one kept time. The
guests could smell his burning hair and
flesh. But this time he was dead. Westinghouse said, “They could have done
better with an ax.” But electrocutions by
New York continued and quickly spread
to other states.
In Kennelly’s letter of 1896, in the
Electrical World, he addresses a claim
made by Jacques-Arsène d’Arsonval, a
physician and engineer living in Paris
and the inventor of a galvanometer that
bears his name. The doctor had claimed
that in these American executions the
death was not caused by the electric
current but by the physician’s knife in
performing his autopsy. Kennelly took
exception to this. He and his coauthor
doctor were present at the 24th electrical execution to take place in New York
State—an “unpleasant duty,” in his
words in the letter. Held on November 28, 1895, it employed alternating
current and subjected the condemned
to an initial 1,740 volts and 8 amperes,
which was then tapered down. Kennelly
supplies details about changes in voltage
and current from the minute in which it
was applied. He conveys in excruciating
detail the doctor’s autopsy, which, in
Kennelly’s words, shows that the current
produced “instantaneous, painless and
absolute death.” At this date, Kennelly
was no longer employed by Edison; he
4
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attended representing Electrical World
because the Governor of New York asked
that scientific witnesses be present at an
electrocution to clear up confusion about
the efficacy of this practice.
After this letter, nothing Kennelly
wrote touched on this phase of his life
or his participation in the current wars.
Interestingly, modern medicine has vindicated the belief that AC is more dangerous than DC, but not for reasons that
were understood at the time.9
To understand what is remarkable
about Kennelly one must know something of his biography. He was born near
Bombay, India, on December 17, 1861.
His father was an Irish born employee of
the East India Company and his mother
who was English was the daughter of a
cotton mill owner in India. He seems to
have stepped from the world of Kipling,
who was born four years later in Bombay.
Kipling was sent to England at age 5 and
so was Kennelly, but shortly after his
mother’s death when he was 4. He stayed
with “two maiden ladies.” In his autobiographical fragment in the Harvard
archives, he says that when he made the
ocean voyage he was placed in the care
of a “turbaned Mohammedan manservant, Ali…. He was as devoted to me as
though I had been his own son.” 10
The youth was educated in Britain
and on the Continent, but his studies
ended when he was just 14 years old.
It was then that he began as an office
boy and secretary in England for the
Society of Telegraph Engineers. He was
apparently stimulated to work in this
discipline following a lecture he heard,
in the winter of 1874−5 at the Royal
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Albert Hall, about submarine electric
telegraphy.11
Readers should try to recall how
much mathematics they knew by age 14
and keep this in mind when we discuss
Kennelly’s later work. At the Society,
Arthur had access to the library of a pioneer in telegraph engineering, Sir Francis
Rolands.12 Kennelly speaks of his “great
delight” in studying these books where
he educated himself in mathematics,
physics, and electrical engineering. He
was an autodidact, much in the model of
Oliver Heaviside, whose work intersected
with Kennelly’s at various junctures.13
Kennelly recalled how, as a 14-year-old,
Sir William Preece, consulting engineer
for the British post office telegraph system, advised him “study mathematics
like ‘old boots.’” 14
At age 15 Arthur became a telegraph
operator for the Eastern Telegraph Company where he remained and continued
his self-education until he was 25. Much
of his work involved testing, laying, and
repairing undersea telegraph cables,
and he rose to the rank of Senior Chief
Electrician. In 1887, he left for America
where as noted he worked for Thomas A.
Edison at his laboratory in Menlo Park,
New Jersey. Edison had read his published papers and was impressed with his
gift for mathematics.15 Remaining with
Edison for seven years as his principal
laboratory assistant and mathematics
resource, he formed a friendship with
another Edison employee, Reginald Fessenden, the pioneer of continuous wave
telegraphy and broadcasting. Fessenden
later gave his son the middle name of
Kennelly.16 Leaving Edison, where he

had built the inventor’s first AC generators and transformers, Kennelly formed a
consulting firm with Edward J. Houston
with whom he wrote several electrical
engineering books.17
Despite his not finishing high school,
in 1902 Kennelly became Professor of
Electrical Engineering at Harvard where
he remained until 1930, when he retired.
At the time of his hiring by President
Charles Eliot he had already published
nearly 100 papers. His paper on what we
would now call the ionosphere appeared
shortly before he arrived in Cambridge,
MA. Just four years into his Harvard
appointment he published his book
Wireless Telegraphy in which he acknowledges help from Reginald Fessenden and
George Washington Pierce.18 The work
does allude to his theory that an ionized
atmospheric layer might allow for the
return of wireless waves to earth rather
than disappearing into space.
Kennelly presented and published
another paper of comparable importance
prior to coming to Harvard. With the
simple title “Impedance,” it was presented at the 76th meeting of the American Institute of Electrical Engineers in
New York on April 18, 1893.19 The term
“impedance” was not coined by Kennelly, although it was still new, having
been introduced by Oliver Heaviside
in 1884 to describe the property of an
alternating current circuit that causes
it to impede the flow of electricity.20
Heaviside describes it thus for an AC
circuit: “the ratio of the amplitude of the
impressed force [voltage] to that of the
current when their variations are simple
harmonic.”
Volume 33, 2020
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To understand Kennelly’s contribution, imagine an electrical circuit consisting of an AC voltage source connected
to a series combination of a resistor R,
inductor L, and capacitor C. The source
puts out a voltage E=V0cos(ωt) where t is
time, ω is 2πf, where f is the generator’s
frequency, and V0 is the magnitude (peak
value) of the voltage. The resistance,
inductance, and capacitance are measured in ohms, henrys, and farads respectively. We want to know the current i(t)
emerging from the positive terminal,
which will be of the form I0cos(ωt - y).
Here I0 is the magnitude of the current,
while y is the phase difference between
current and voltage—the angle by which
the current lags the voltage.
Such a question can be answered
today by any electrical engineering student who has completed their sophomore
year. But in 1893 it could be tedious.
Prior to Kennelly, most would have
solved the problem by asserting that the
voltage across the resistor is i(t)R, the
voltage across the inductor is Ldi/dt and
that across the capacitor is 1/C ∫i(t)dt. The
sum of these must add up to V0cos(ωt).
We are left with an equation that can be
solved with a certain degree of effort by
those skilled in calculus.
Kennelly’s contribution was to introduce complex numbers of the form “a
+ sqrt(-1) b” where “a” and “b” are real
numbers. Nowadays engineers use the
symbol “j” instead of “sqrt(-1).” By
assigning a complex value to each element in the circuit, which depends on
its resistance, capacitance, or inductance,
as well as the frequency in use, and adding these values he obtains the complex
6
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impedance of the circuit and could convert the forbidding integral-differential
equation described above into an easily
solved algebraic equation. A further simple transformation produces the actual
time varying current. No knowledge of
calculus is required—only simple algebra
and high school trigonometry.
His paper demonstrated that if the
voltages across the resistance, capacitor, and inductance in a series circuit
are measured with a voltmeter, then the
sum of the meter readings don’t add up
to the voltage of the generator, and, more
perplexing, the voltage across the inductor or capacitor can exceed that of the
generator. This effect had been observed
in an electric power system in 1887.21
Kennelly addressed this result directly
in his paper.
The famed engineer, Charles Proteus
Steinmetz, was not present at the talk,
but he submitted a written comment
from his office at General Electric, which
was included in the published paper.
He praises Kennelly for being the first
(“as far as I know”) to point out the correspondence between impedance and
complex numbers.
Steinmetz was incorrect in asserting
that Kennelly was the first to connect
impedance with complex numbers. The
idea was in fact “in the air,” and there is
an excellent discussion of this subject in
Ronald Kline’s biography of Steinmetz
cited in the previous reference. However,
Kennelly’s work did much to publicize
the technique in the United States. The
use of complex quantities by electrical
engineers must have been limited at
first; it was handicapped by its inability
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to analyze circuits that could not, by a
process of reduction, be made into an
equivalent series or parallel circuit.
Here Steinmetz enters the history of
the subject. Picking up on Kennelly’s
work, he read a paper, “Complex Quantities and their use in Electrical Engineering,” before the International Electrical
Congress in August of 1893.22 He shows
that Kirchhoff’s voltage and current laws,
which can be applied to purely resistive
circuits of great intricacy, could be carried
over to complicated alternating current
circuits having inductors and capacitors,
provided one used complex impedances.
Steinmetz followed this with an entire
book exploiting the method, Theory
and Calculation of Alternating Current
Phenomena, published in 1897. This
influential work, together with several
papers, helped publicize the method to an
extent that the engineering community
in America became convinced that Steinmetz had invented the method of complex
numbers and algebra in AC circuit theory.
Steinmetz died in 1923. That year,
an issue of the General Electric Review–
Steinmetz (a socialist) had worked at GE
and was a hero there–carried an appreciation of him which asserted that it was he
who had invented “complex impedance.”
Kennelly wrote to the author of the
article and pointed out that Steinmetz
had given him credit for the invention
in his printed remarks accompanying
Kennelly’s 1893 piece. The author then
wrote to the editor of the GE Review, who
published a correction.23 On the coat of
arms, which Kennelly commissioned for
himself, he includes a vector impedance
diagram like the one in his paper.24

Kennelly’s interest in impedance
remained high in his years at Harvard.
This was a period of rapid growth in
telephone engineering and these two
subjects converged in a paper he wrote
with Professor Pierce in 1912. Anyone
who has experimented with telephone
headsets dating to that era, devices we
might use with a crystal radio, knows
that the headset has a DC resistance of
the order of 1500 ohms. But the phones
are subjected to alternating currents.
The Kennelly-Pierce paper dealt with
how the moving metal diaphragm in
the headphone affected the impedance.25
Kennelly continued to investigate what
he called acoustic impedance, and its
variation with frequency, well into the
1920s and published a number of papers
on the subject based on research sponsored by the American Telephone and
Telegraph Company.26
Among Kennelly’s published books
is one that lies at the intersection of the
several major branches of electrical engineering: electric power, telephones, the
telegraph, and wireless telegraphy and
telephony. All these disciplines involve
the use of transmission lines carrying a
time varying current, whether from a
power station to a substation, or from
a radio transmitter to an antenna. This
book is The Application of Hyperbolic
Functions to Electrical Engineering Problems, which first appeared in 1912.27 It
was sufficiently important to appear in
three editions, the last dating from 1925.
It grew out of years of work that Kennelly
had published in papers preceding the
book, the first dating to 1894. In 1911,
John Ambrose Fleming, Marconi’s chief
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Fig. 1. Kennelly’s text on hyperbolic functions, 1916 edition. (Author’s collection, ex-U.S. Army
Signal Corps Library)
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scientific advisor, stated in his textbook
The Propagation of Electric Currents in
Telephone and Telegraph Conductors,
“Prof. A. E. Kennelly has rendered …
an immense service in elaborating mathematical methods simple in character
and capable of being applied in practical
calculations.” He is speaking of someone
who quit school at 14.
If a transmission line is composed
of perfect conductors and has perfect
insulation the current and voltage at
any location can be expressed in terms
of trigonometric function, sines and
cosines, which depend on position along
the line as well as time. But because all
lines are imperfect, Kennelly shows
how to express current and potential in
terms of hyperbolic functions, which are
commonly written as sinh and cosh (for
the hyperbolic sine and cosine). These
functions bear the same relationship to a
certain hyperbola as do the ordinary sine
and cosine to a circle of radius 1. A copy
of the 1916 edition title page is shown
here in Fig. 1. Here, Kennelly’s name is
followed by M.A. and D.Sc. These were
honorary degrees he received from Harvard and the University of Pittsburgh.
He did not invent hyperbolic functions
nor was he first to apply them to physical problems. They had been used to
describe the shape of a hanging cable,
stressed by its own weight, in the late
17th century.28 However, he does appear
to be the first to use them for electrical
transmission systems.
On January 22, 1941, Professor H. H.
Aiken of Harvard and R. H. Frazier of
MIT visited Kennelly’s former colleague,
Professor Dugald Jackson, to conduct an

Fig. 2. Professor of Electrical Engineering,
Arthur Edwin Kennelly, S.D., A.M., as he
appeared in the 1926 Harvard Yearbook. (Harvard University Archives)

interview.29 This was part of a project
in which Aiken and Frazier were seeking to write a biography of Kennelly,
who had died in 1939. Jackson observed
that Kennelly worked only with a few
graduate students who were interested
in his line of work. In looking through
the list of the roughly 300 papers that
Kennelly published, one sees that most
do not involve a coauthor, which would
suggest he did not advise many graduate students. Fig. 2 shows Kennelly as a
Harvard professor.
Glenn Browning and
Frederick Drake
One Saturday in the spring of 1997, I
found myself in a house on Warren Street
in the Roxbury section of Boston. I was
at the home of a middle aged AfricanAmerican, Charles Bell. I had been
wandering around his neighborhood
and stopped at a second-hand store to
inquire whether any old radios were for
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sale and I was given Bell’s phone number.
As I learned on my visit, his father had
conducted a radio repair business from
this very home.
To judge by what was available on
his late father’s workbench, this shop
must have begun business 2 or 3 generations in the past. I later learned that a
telegraph key, which I purchased, dated
from World War I. More to my interest
were the vestiges of a 1920s era radio. I
saw a front panel with Browning-Drake
1927 engraved on the front, together
with a chassis, and not much else. The
five tube sockets were empty and most
of the components and the cabinet were
missing. One part intrigued me. A shaft
protruding from the front panel, through
a hole labeled “increase,” was connected
to a device on the chassis with the label
“Regenaformer”–a portmanteau word
made from regeneration and transformer.
Indeed, the device had the appearance of
a radio frequency transformer. At least
I knew I had a regenerative set, but it
looked like a challenge to get it working.
I went home with the telegraph key
and the Browning-Drake, and immediately looked in Alan Douglas’s, Radio
Manufacturers of the 1920’s. Although
there was an interesting entry for this
company, I could not find a picture of a
set with the magic words on the front,
Browning-Drake 1927. Since there was
no model number anywhere on my purchase, I knew I would have a problem
getting a schematic diagram, and without it there wasn’t a prayer of my fixing
the set. And after reading Alan’s entry I
was determined to accomplish that for
a special reason. Glenn H. Browning
10
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and Frederick Drake, the set’s creators,
had worked in Cruft Lab at Harvard.
And I had too! While a teaching fellow
(Harvard’s grand term for a “teaching
assistant“) I had an office in 1962 in
Cruft room 312. And things got even
closer: Browning had come to Harvard
and got his graduate degree after first
studying at Cornell, and I was originally
a Cornell product too. I learned only
later that there were fewer parallels than
I imagined.
My next step was to make a sketch of
the front panel and mail it to Alan and
ask for advice. And, in his usual generous manner, it was soon forthcoming.
In a letter dated May 5, 1997, he says, “I
guess you have a 5R which was still being
advertised by Browning-Drake in 1927.”
He then explains why the 5R pictured
in his book fails to proclaim 1927 on its
front panel. “They simply changed the
panel.” Later, I was to learn that the 5R
(R for resistance coupling), introduced
in 1926, was the only assembled set they
sold in early 1927.30 He had some bad
news: “I don’t find the schematic for the
5R in any of my files or in Rider so you’ll
have to find an actual set and trace the
wiring.” I did stumble on a schematic
in an old book, and finally obtained a
working radio. I bought a handsome
cabinet from Mr. Wally Worth who I
later discovered had written a history of
the Browning-Drake Company that is
available on-line.31
Regenaformer
In August of 1923 Frederick Hales
Drake of Watertown, MA, age 22, had
just graduated from Harvard, Phi Beta
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Kappa, and summa cum laude, with a
major in physics. In the fall he was going
to start his graduate studies under Professor George Washington Pierce and
would receive his Ph.D. in physics just
three years later. That summer he began
to work with Glenn H. Browning. Fig. 3
shows Drake as he appeared in the Harvard freshman directory issued in 1919,
his first year.
Browning had not graduated from
Cornell University in Ithaca, NY, as I
had once thought. A brief biography
in an IRE publication tells us that had
an impressive undergraduate career at
Cornell College in Mt. Vernon, Iowa,
where he had graduated with honors in
1921.32 A veteran of World War I, during
which he taught classes on electricity and
wireless, he was four years older than
Drake. In the fall of 1921, Browning
began his graduate studies at Harvard,
with a scholarship reserved for Iowa students, but he never received a degree.
When he met Drake, he was by then a
research fellow in electrical engineering
at Harvard, a period lasting from 1923 to

Fig. 3. Frederick Hales Drake as a Harvard University freshman at 18 year of age, Harvard
Freshman Directory, 1919. (Harvard University
Archives)

Fig. 4. Glenn Browning in 1946. (Proceedings of
the IRE, Waves and Electrons, p. 871)

1924.33 Fig. 4 shows Browning years later
in an IRE publication of 1946.
In 1923, radio receivers based on the
Armstrong system of regeneration were
major players with the non-regenerative
tuned radio frequency sets (TRF) gaining on them rapidly. By 1925 the TRF
had achieved the upper hand.34
To see a schematic diagram of a
typical regenerative receiver of the era
1923−4 we can look at an article published by Glenn Browning in 1924.35
Refer to the schematic of Fig. 5. This was
known as the Browning-Drake receiver,
but in studying the diagram we would
find nothing remarkable about it to distinguish it from other brands of the age.
It is in the details of its construction that
we uncover the contribution of Browning and Drake.
We find an antenna connected to an
adjustable tuned circuit, which in turn is
connected to a tube for radio frequency
(r.f.) amplification (the left most tube
in the figure). The plate circuit of this
tube feeds an r.f. transformer, shown
schematically with the two coils of wire
L1 and L2 in the figure. The transformer,
together with the adjustable condenser
Volume 33, 2020
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Fig. 5. Schematic of National’s Kit for the Browning-Drake Receiver. (Radio Broadcast, Dec. 1924)

C2, feed a detector tube. Rg and Cg comprise the “grid leak.” The audio frequency
current from the detector is then fed to
one or more cascaded stages of audio
amplification. In the present circuit just
one is used.
Unfortunately, there is capacitive
coupling between the coils L 1 and L2 that
tends to induce a voltage in L2 that is 180
degrees out of phase with the desirable
voltage induced in that coil due to magnetic coupling between these coils. This
becomes a problem when one is trying
to tune in a weak station as the effectiveness of this radio frequency transformer
is diminished.
Writing in the Radio News of April
1927, Arthur Lynch asserts that the idea
for what became the Browning-Drake
receiver dates from August 1923, when,
at the suggestion of Mr. Volney D. Hurd,
the Harvard pair began research on
improvements of tuned radio frequency
amplification.36
Apparently, Drake approached
Browning that summer with the notion
that “a mathematical consideration…
might throw some light on the constants
which would give greatest amplification.”
12
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Alan Douglas asserts that Drake worked
out the mathematics, and it is not clear
from other literature if Browning contributed to this theory; over the following
year they built an experimental device
based on the calculations. On December 1, 1924, they filed for a U.S. patent,
which was granted as number 1,770,456.
This is the basis of what became known
as the Browning-Drake receiver.
The novelty of the receiver resides
in the transformer employing L1 and L2.
Ordinarily a radio frequency transformer
such as this might consist of the windings
of one of these inductors, wound directly
over the other on a hollow tube—the
core. Browning and Drake realized
that they could reduce the capacitive
coupling between the turns of wire by
placing the turns of wire for L1 embedded into a narrow slot cut into the core
of the transformer. The turns of L2 are
more numerous, are spread over nearly
the entire length of the core and cover
those of L 1. The centers of the two coils
are displaced from one another with the
center of L1 moved close to the end of L2
that is nearest the filament of the detector
tube. There was probably some reduction
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of mutual inductance with this arrangement, but it was a good trade-off: the
mutual capacitance was reduced even
more. In his article, Browning shows
measurements made at the behest of
Hurd that indicate, for example, that
the Browning-Drake transformer has, at
750 kHz, a little over 3 times the voltage
gain than that of a conventional radio
frequency transformer, indicating about
10 db more output power being sent to
the listener than competing sets might
deliver.
The preceding schematic diagram
shows an inductive coil L p. This provides “regeneration,” now called “feedback.” Some of the plate current from the
middle tube—the detector—is sent back
in the form of a voltage into the grid of
the tube. The Browning-Drake circuit
accomplished this with Lp set inside and
close to the end of L2. The coil is slightly
smaller in radius than that used for the
main transformer and can be rotated by
means of a protruding rod so that its axis
aligns with that of L 1 and L2, and can
even be made orthogonal to it. The feedback can be adjusted in varying degrees
between positive or negative. A shaft is
connected to this “tickler coil” and it
was this that I saw protruding through
the panel of my Browning-Drake set
with the words “Increase” labeling its
function, as rotating it would change the
volume. The capacitor marked “N-C,”
and the conducting wire that it resides
in, provides “neutralization” of the set
and decreases its tendency to become
unstable or go into oscillation.37
The original Browning-Drake design
was publicized in at least three Boston

newspapers.38 What is astonishing in
looking through these articles is the
degree of sophistication expected of readers. The schematic diagram of Fig. 5 is
virtually identical to the one appearing
in the Boston Globe on October 10, 1924,
and captioned New Circuit Design by
Local Engineers. Nothing in present day
newspapers expects this level of technical literacy.
The new circuit used National Co.
variable condensers and dials. Since the
National Co., located on 110 Brookline
Street in Cambridge, was no further than
1.5 miles from Cruft Lab, it is not surprising that National was soon advertising kits to build Browning-Drake sets.
These were available by December of
1924, and included the “Regenaformer,”
which consisted of the transformer with
three windings described above, as well
the variable condenser C2 shown in the
figure, which was necessary for tuning
the transformer to resonance, knobs
and a vernier dial were included. The
kit was advertised in QST for $22.00
(see Fig. 6).39 And one could buy just
the Regenaformer (e.g., as advertised in
November 1926, Radio Engineering) for
less money.
Browning and Drake had different
backgrounds, but after Harvard their
lives diverged. Browning was born in
Solon, Iowa, in 1897. The 1890 census
gives the population of this farming village as 353 persons. Drake was from
Watertown, MA, in 1901, a manufacturing town, near Boston, of 7,000 people
whose major employer was the United
States Watertown Arsenal. He seems to
have come from modest circumstances,
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13

Harvard’s Radio Past: A Sort of Memoir: Continuation Part II

Fig 6. National’s Kit for the Browning-Drake Receiver. (Radio Broadcast, Dec. 1924, p. 378)

attending Harvard on several scholarships. He was in the minority in his class
in two respects: he had gone to public
school, not private, and he lived at home
with his parents, and commuted during
his Harvard years.40
By 1925 Browning, without Drake,
had formed the Browning-Drake Corporation, which sold fully assembled
receivers as well as kits, while National
continued to market kits. The BrowningDrake Company’s first address was in
the Brighton section of Boston—a few
miles from Harvard. They later moved
near Harvard in Cambridge into the
same building as the National Company. A 1925 advertisement shows two
radio sets for sale, the B-D Junior and
14
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the B-D Senior. Each was designed to
drive a loudspeaker, and the Senior came
with one. The set described above dating
from 1924 had only three tubes and was
for headphone use. Now there were five
and six tubes for the Junior and Senior.
An unsigned article in December 1926
Radio Broadcast proclaimed: “Very few
circuits have enjoyed the widespread
and well-earned popularity accorded the
Browning-Drake Circuit.” Fig. 7 shows
an advertisement taken from the February 1927 QST in which the BrowningDrake Company advertises what they say
is their “only set.” This is identical to the
radio I bought in Roxbury, except that
mine proclaims 1927 on the front panel.
From 1923 until 1930, when the
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Fig. 7. Browning-Drake Advertisement. (QST, Feb. 1927, p. 87)
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failing company was taken over by
creditors, there were several profound
changes in the design of B-D receivers,
and we can trace most of them through
radio hobbyist magazines of the era.
Browning wrote numerous articles
touting the improvements in the “new”
Browning-Drake. Thus, we find resistive
coupling, sets running off the AC power
line, shortwave radios, and sets using
the new screen grid tubes. Browning
seems to have had an early ally in Arthur
Lynch, sometime editor of Radio News,
and Radio Broadcast, who published such
articles as “Modernizing the BrowningDrake Receiver” in 1927.41 By this date
there were so many stations on the air
that some “tweaking “of the original
design was required to improve selectivity. Lynch claims that the improvements
were of his own devising, and they seem
likely to have been incorporated into the
sets sold by the company. Browning’s
and Lynch’s articles usually were often
accompanied by a Browning-Drake or
National advertisement in the issue. The
company broadened its scope and by
1928 was selling loudspeakers too. In
April of 1927, we find Lynch saying in
Radio News that the Browning-Drake
set “is the standard by which others are
judged.”
The Browning-Drake Company persisted until 1937. By the 1930s regenerative radios were in disfavor and the
novelty of the original Browning-Drake
design of the 20s did not enhance the
prestige of the more modern tuned
radio frequency (TRF) products that
the company made during the depression. After its end, Browning started a
16

The AWA Review

new business, Browning Laboratories,
which made a variety of electronic
devices, among them superheterodyne
radios and including, by the late 1940s,
excellent FM tuners. A web site devoted
to Browning Laboratories asserted that
“Browning Laboratories, formed by Dr.
[sic] Browning in 1937, offered the first
American-produced FM ‘hi-fi’ tuner,
which earned the company national
recognition…again!” 42
Glenn Browning, according to the
site, left the company in 1954. Before
its demise in 1979, it got heavily into
CB radio equipment. At his death, in
1974, he had, besides his patent with
Drake, three others, which were assigned
to Doble Engineering, a company where
he apparently consulted.
Perhaps Browning’s greatest legacy
is not his inventions but the genesis of a
very distinguished acoustical engineer,
professor, and businessman Leo Beranek
(1914−2016). Beranek was from the same
small town in Iowa as Browning, and
also studied at Cornell College. They
were half a generation apart in age and
didn’t meet until one day in August of
1935. Browning was visiting his home
state—he lived in Winchester, Massachusetts—and Beranek happened to stumble
upon him while Browning was trying
to deal with a flat tire on his Cadillac in
100-degree weather. While helping the
older man, Beranek, a radio enthusiast,
recognized his name. Learning of his
interest in radio, Browning told him to
apply to Harvard for graduate school
and to ask for financial aid. This proved
successful and Beranek did his Ph.D.
under acoustics expert, Prof. F. V. Hunt,

Wunsch

whom we have met before, in Part I, in
connection with Leon Chaffee. Beranek
became a Professor at MIT and went on
to cofound the acoustical engineering
firm of Bolt, Beranek, and Newman.
His textbook Acoustics is considered the
classic in the field.
In an interview, Beranek speaks
warmly of his days at the Cruft Laboratory.
“Some of the very early radio work in this
country had been centered around Harvard’s Cruft Laboratory. I got to see all
the early radio equipment there, such as
Tesla coils. The laboratory shared in the
experiments of Marconi. The first transatlantic broadcast took place at Wellfleet on
Cape Cod. The early Harvard Cruft Laboratory professors had all known Marconi.
“One of the most important inventions in
broadcasting and telephony came out of
Harvard’s Cruft Laboratory. The crystal
oscillator was invented by Professor George
Washington Pierce.
…
“the Cruft Laboratory, where I was. It
was a halfway station between engineering
and physics. In fact, most of the professors
there have (or had) the title of “Professor of
Physics and Communication Engineering.”
Today, there is an applied physics department in addition to the physics department.
It has taken the place of what was then only
the Cruft Laboratory.” 43
Frederick Drake’s history diverged
from Browning’s although they both
stayed in radio. After getting his Ph.D.

in 1926, he went to work for the Aircraft
Radio Corporation in Boonton, NJ, and
remained there until retiring in 1955.
He was eventually chief engineer and
executive vice-president of this company
that was a major player in developing
military aircraft radio and radar electronics.44 The technology of aircraft radio was
ripe for improvement; in general, aircraft
electronics had languished in the decade
following World War I. Lindbergh didn’t
even have a radio aboard in his famous
flight of 1927.45
Drake was issued numerous patents–nearly 40. Most were assigned to
his company and pertain to aircraft radio
communications.46 Interestingly one,
U.S. 2,059,321A filed in 1935, involves
an improvement to superheterodyne
receivers. He had come a long way from
his regenerative design of the mid 1920s.
Epilogue
The period of around 1900 to 1935 was
one in which Harvard students and faculty made a remarkable contribution to
the progress of radio. It is difficult to find
another American college or university
that provided such a fruitful contribution
to radio in this period.
To recapitulate, we have Emory Leon
Chaffee’s major contribution to continuous wave radio technology and his pioneering texts and research on vacuum
tubes. And there is George Washington
Pierce’s invention of an improved crystal-controlled oscillator, which proved a
boon for broadcast radio at a time when
the airwaves were becoming crowded.
Glenn Browning and Frederick Drake
produced a novel and useful invention
Volume 33, 2020
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during the period of the rapid development of radio receivers in the 1920s.
Although Arthur Kennelly’s conjecture
about what we now call the ionosphere
and his demonstration of the efficacy of
complex numbers in treating AC circuits
came before he arrived at Harvard, his
decades at the university were productive and resulted in numerous published
papers and several significant textbooks.
I would imagine that he promoted the
use of complex numbers and functions
among his students at a time when this
adoption proceeded slowly.
Charles Süsskind was a distinguished
biographer of K. F. Braun, Heinrich
Hertz, and Alexander Popov. Writing
about Pierce and Chaffee he says:
“The elucidation of physical phenomenon by a professor, the elaboration
of principles of their applications by
his doctoral students, and the technological utilization of the principles
(and sometimes patents) outside the
university—the sequence that came to
characterize post-graduate education
at the best American schools of engineering and applied science—thus had
its inception at the Cruft Laboratory
under Pierce and Chaffee.” 47

Cruft, it should be noted here, housed
research both in physics and communication engineering and the disciplines in
which they overlapped.
To understand why Harvard was a
leader in radio in the period 1902−1935,
we might consider the history of physics and engineering at the university.
To begin, we should notice that of the
18
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three faculty members we have studied,
two, singled out by Süsskind—Chaffee
and Pierce—were not engineering professors, but were in the physics department. In 1915 Pierce was giving a course
on quantum mechanics—not an engineering subject in that era.48 Frederick
Drake took his degrees in the physics
department.
The Nobel Prize in physics has been
awarded almost annually since 1901.
The first one to go to a Harvard faculty member went to Percy Bridgman
in 1946. By that time, seven Americans
had won the prize. This rather late award
to Harvard perhaps reflects the fact that
members of the physics department felt
comfortable in doing applied research
rather than work at the cutting edge of
physics, which generally gets the prize.49
Harvard could boast of no Planck, Bohr,
or Einstein, or such Americans as Robert Millikan, who received the prize in
1923. Thus, Pierce and Chaffee, applied
physicists, would have felt at home in the
physics department.
Another probable reason why Pierce
and Chaffee were physics and not
engineering professors stems from the
long uncertain status of engineering at
Harvard. The history of engineering
instruction at Harvard is byzantine for
two reasons: the university’s lingering
disdain for teaching courses that smack
of “trade” or “practice” as being unsuited
for the education of a “gentleman” and
the presence of a major engineering
school, MIT, which began in the 19 th
century just a few miles away in Boston and moved closer to Cambridge in
1916.50
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In 1914 Harvard’s engineering students began to receive their teaching
at MIT. Harvard engineering faculty
members were given joint appointments
at the two schools. Kennelly was one
of them, but Pierce and Chaffee, being
physicists, were not. The agreement, facing a legal challenge, was short lived,
ending in 1919.
An essay by Frederick Terman on the
history of electrical engineering education
in the United States appeared in the Proceedings of the IEEE in 1976.51 He remarks
that in his graduate student days at MIT,
1922−1924, there was only one member
of this large electrical engineering faculty who had an earned doctorate, while
the background of about half the faculty
was simply a bachelor’s degree and some
industrial experience. MIT was one of the
better engineering schools, and Terman
remarks that academic research carried
out in America’s engineering schools was
“in most cases superficial.” Instruction
placed a heavy emphasis on the needs
of the electrical power industry: 60 Hz
currents, and mostly not the technology
of radio and the telephone.
This was to have important ramifications. In Terman’s essay, he asserts
“The typical electrical engineer trained
in the pre-World War II pattern did not
know sufficient fundamental science and
mathematics and did not possess the
research seasoning to contribute in the
creative electrical (electronic) developments of World War II.” And further,
“The exciting developments of the war
that triggered off the new electronics
were largely the work of physicists temporarily turned engineers.”

Pierce, Chaffee, and their students
were in some ways fortunate to find
themselves in a physics department,
which in their era was not on the cutting
edge of physics research. Prof. Gerald
Holton describes how American physics departments in the era 1870−1930
were slow to teach and perform research
in the exciting developments emanating from Europe—most glaringly in
Planck’s quantum theory of radiation.52
The Harvard physics department was
heavily devoted to applied physics–electronics, in particular—in a way that was
lacking in most electrical engineering
departments, which emphasized electric power, and this gave the Harvard
physicists a decided advantage in the
advance of radio.
Postscript
Part of my title, “Harvard’s Radio History,” is a bit presumptuous. There is
more Harvard radio history than I have
told here. For example, the 2017 issue
of the AWA Review contains a piece by
Julia and David Bart, “The U.S. Naval
Radio School at Harvard: A New Era in
Military Training.”
And there is the Harvard Wireless Club, W1AF, which was founded
in 1909. Its first academic adviser was
George Washington Pierce. Paul Horowitz, W1HFA, is the Trustee of the Club.53
In 1951, at age 8, he was the youngest
licensed amateur radio operator in the
world.54 He is coauthor of the book The
Art of Electronics, which has sold over
1 million copies, and is a professor of
both electrical engineering and physics at
Harvard; he spans both disciplines, like
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some of the faculty featured here. It is
fitting that he is the trustee of a station

once mentored by Pierce. Fig. 8 shows
Horowitz in his laboratory in Cruft.

Fig. 8. Professor Paul Horowitz in Cruft Laboratory. (Recent photograph by Al Takeda)
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The Centennial of KDKA’s Historic
1920 Broadcasts
© 2020 David and Julia Bart
This article marks the centennial of KDKA’s historic broadcasts of the U.S. presidential
election results on November 2, 1920. The article identifies important parts of the Westinghouse Electric Manufacturing Company/KDKA story, and it includes discussions
about Frank Conrad, Harry Davis, Donald Little, and some of the other key people
responsible for building the station and Westinghouse’s radio network. The authors
compile key references for further research, trace the station’s licensed operations, and
provide descriptions of the historic transmitters, antennas, and studios used by KDKA
and its related experimental stations, 8XK, 8ZZ, and others. The article also shares current photographs of the station from a private tour taken in 2017. The authors mention
some of KDKA’s claims of priority for “firsts” in radio broadcasting, but they do not
take a position on those claims, since that debate lies outside the scope of this article.
As KDKA’s centennial celebrations approach, the authors hope to stimulate further
research by sharing their findings and observations regarding the many achievements
of this historic station.

Introduction
The year 2020 marks the centennial of
the historic broadcasts of the U.S. presidential election results on November 2,
1920, by radio station KDKA. This date
is commonly used to mark the beginning
of the commercial radio broadcasting
era. The stories of Frank Conrad, his
experimental station 8XK, and KDKA’s
legendary accomplishments have been
told in a variety of formats over the years.
In 2017, members of the Radio Club
of America received a private tour of
the current KDKA radio studios and
KDK A’s transmitter station, which
continues to reside in its 1939 transmission facility. The authors’ participation

in that tour sparked our curiosity and
led us to further inquiry. This article
identifies important parts of the KDKA
story, investigates and recounts aspects
of that history, compiles key references
for further research, and shares current
photographs of the station.
Previous anniversaries garnered much
fanfare (see Figs. 1 and 2). As KDKA’s
centennial celebrations approach, we
understand that the Radio Club of
America and members of the Antique
Wireless Association will be participating
in KDKA’s month-long commemorative events in November 2020. Further
information can be obtained from those
organizations.
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Fig. 1. KDKA 95 th anniversary card. (Courtesy, KDKA)

Fig. 2. Another example of a KDKA anniversary card. (Courtesy, KDKA)
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Radio Pioneer Frank Conrad
Early Years 1
Frank Conrad (1874−1941) is best known
for his work developing radio technology at the Westinghouse Electrical and
Manufacturing Company in East Pittsburgh, Pennsylvania, where he helped
establish a foundation for commercial
broadcasting (see Fig. 3). His efforts grew
from an experimental radio station, 8XK,
developed in the workshop he built in
the second story of his garage, and aided
in the establishment of Westinghouse’s
first broadcasting service over radio station KDKA.
Conrad was born in Pittsburgh in
1874, the son of a railroad mechanic and
homemaker. Formal schooling ended
after he completed the 7th grade. In 1890,
he joined Westinghouse at age 16 and
registered trains for ampere-hour meter
maintenance. He developed reputations

Fig. 3. Frank Conrad. (Courtesy, IEEE History
Center)

for his insatiable thirst for knowledge,
work ethic, and incredible memory. In
1897, at age 23, he transferred to Westinghouse’s Testing Department where he
invented a circular-type watt-hour meter.
Thirty years later, in 1937, approximately
30 million of these units remained in use.
Westinghouse promoted him to General
Engineer in 1904 and Assistant Chief
Engineer in 1921. His work involved a
wide range of areas, especially arc lighting, ignitions in automobiles, and then
radio. He pioneered the development of
metal case power rectifiers, and solved
many difficult problems connected with
the electrification of the New York,
New Haven, and Hartford Railroad.
He became a member of the American
Institute of Electrical Engineers (AIEE)
in 1902 and went on to receive more than
200 patents for a variety of electrical
devices: 177 in the United States, 42 in
the United Kingdom, and 9 in Germany.
Conrad’s interest in radio stemmed
from a 1913 bet with a co-worker over
whose watch was more accurate. Conrad
won the bet after he secretly replaced his
cheap watch’s internal components with
the mechanism from a more expensive
and much more accurate watch.2 Conrad
then tested the watches, after which he
began to question the accuracy of Western Union’s telegraphed time signals. In
1916, he built a simple radio to receive
the U.S. Naval Observatory’s time signals, broadcast nightly by station NAA
in Arlington, Virginia. Conrad next constructed a transmitter to communicate
with his neighbor and other local amateur radio operators. He then installed
a radio station on the top floor of his
Volume 33, 2020

27

The Centennial of KDKA’s Historic 1920 Broadcasts

two-story garage adjacent to his new
home in Wilkinsburg, Pennsylvania.3
In July 1916, Conrad’s amateur station received an “Experimental” license,
with the call sign 8XK.4 The station
included a spark transmitter for Morse
code transmissions. The “8” indicated
the station was located in the 8th Radio
Inspection District, and the “X” designated the station was operating under
an Experimental license.
World War I

Following the United States’ entry into
World War I in April 1917, the U.S.
Navy assumed control of the country’s
commercial radio stations, including
approximately 60 maritime commerce
stations. All civilian radio stations,
including experimental stations like
8XK, were ordered to cease transmission and reception.5 Conrad spent the
war years at Westinghouse working on
improvements to military radio equipment, including the U.S. Army Signal
Corps SCR-69 transmitter and SCR-70
receiver used in airplanes. Conrad’s work
included development of a wind-driven
electrical generator that was attached
to an airplane’s wing for powering airplane radio transmitters.6 Westinghouse
became the first supplier of combination
radio telephone-telegraph receivers for
the U.S. Navy. Its airborne electrical
generator provided power for the first
continuous over-water plane-to-shore
transmission tests in May 1919 between
Newfoundland and England.7 Radio
transmitters and receivers designed by
Conrad were the only radio equipment
to reach the front for use by the Allied
28
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Expeditionary Force in considerable
quantities.8
Conrad’s work encompassed radiotelephone transmissions (for voice and
music, not simply Morse code), and
incorporated vacuum tube transmitters. Despite the nationwide blackout
for amateur radio transmissions, Conrad received authorization to operate an
experimental radio transmitter from his
home during the war with the call sign
3WE. He used this station to communicate with a second station located at the
Westinghouse plant in East Pittsburgh.9
Radio Broadcasting Begins

The ban on operating civilian radio
stations ended after the war, effective
October 1, 1919. Conrad resumed his
experiments using the 8XK call sign
broadcasting from his home garage,
including testing vacuum tube radiotelephone equipment,10 although a formal license renewal was not issued to
him until January 21, 1921. Nevertheless, beginning on the evening of October 17, 1919, Conrad began broadcasting
selections from his personal collection of
phonograph records as he undertook a
series of test broadcasts.11 He accepted
specific requests to hear records from
his growing audience. As the demand
grew, he announced that instead of
complying with individual requests,
he would “broadcast” records for two
hours each Wednesday and Saturday
evening. KDKA claimed, “This is the
first recorded use of the word broadcast to describe a radio service.” 12 The
debate over this claim is outside the scope
of this article, but it can be contested.
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For example, a January 1917 article in
Electrical Experimenter outlined Lee De
Forest’s “broadcast” by “radio,” using
those words, of U.S. election returns via
wireless telephony in November 1916
to 7,000 amateur radio operators who
were notified in advance of the scheduled
program.13 See further comments below.
In any case, in response to his growing audience interest, Conrad adopted
a semi-regular schedule of defined programming that was transmitted for all
to hear. After exhausting his personal
collection of records used to broadcast
music, he borrowed records from a local
Brunswick record shop in exchange for
on-air acknowledgements.14 These onair acknowledgements constituted the
early beginnings of on-air radio advertising. Conrad also ran a telephone line
from the music room in his home to the
transmitter in his garage, so performers, which included Conrad, could use
the family piano.15 These performances
constituted the early origins of the onair radio “studio,” that is to say, a room
used as a dedicated performance space
whose sounds are broadcast by radio to a
listening audience. (Again, the authors of
this article have not verified these KDKA
claims of providing the first on-air advertisements or first on-air studio.)
The Pittsburgh Gazette-Times
reviewed Conrad’s radio transmissions,
and on December 26, 1919, the New
York Times reported “Phonograph’s
Music Heard on Radio Phones.” The
New York Times estimated Conrad’s
audience to be approximately 400 owners of wireless sets. On June 26, 1920,
Conrad broadcast a special concert for

the patients at the Tuberculosis League
Hospital.16
The Joseph Horne Department Store
in Pittsburgh placed an advertisement in
the Pittsburgh Sun, “Air Concert Picked
Up By Radio,” on September 29, 1920,
that offered for sale crystal set radios
to hear Conrad’s broadcasts. Harry
Davis, a vice president at Westinghouse, noticed the growing popularity
of Conrad’s broadcasts and arranged for
Westinghouse to build a transmitter at
the plant (see Fig. 4). The new Westinghouse station received licensing in October 1920, in time to broadcast results of
the upcoming Harding-Cox Presidential
Election results on November 2, 1920.
(See further discussion below about the
timing of the licenses issued to stations
KDKA and 8ZZ.)17

Fig. 4. Harry Davis. (Wireless Age, Apr. 1924)
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Davis envisioned combining radio
manufacturing with free radio programming. Listeners could purchase Westinghouse radios specifically to hear free
programming provided by Westinghouse
in their own homes, thereby creating a
readymade market for both the radios
and the broadcast programming. Davis
had conceived the idea of commercial
broadcasting. He invited Conrad to build
a transmitter at the Westinghouse plant
in Pittsburgh and developed the first formal guidelines for KDKA’s broadcast
programming.18 As Davis later explained,
“We had in our hands in this idea the
instrument that would prove to be the
greatest and most direct means of mass
communication and mass education
that had ever appeared.” 19 Guy E. Tripp,
Westinghouse’s Chairman of the Board of
Directors, would later state, “Mr. Davis
was the only man in the Westinghouse
Co. who had the vision of broadcasting
and the courage to see it through,” and
many Davis obituaries would call him the
real “father of broadcasting.” 20
Throughout, Conrad continued to
conduct experimental radio work. In the
summer of 1920, the American Radio
Relay League (ARRL) and the U.S.
Bureau of Standards began investigating
the phenomenon of radio signal fading.
Variations in signal strength were affecting long distance signals during nighttime operation. Conrad provided testing
ideas, and station 8XK was one of the key
stations participating in these tests.21 In
1921, Conrad was named assistant chief
engineer at Westinghouse and assumed
responsibility for all of the company’s
radio-related activities.22
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KDKA Facilities
KDKA’s Early Transmitter Frequencies
In the early 1920s, many radio transmitters were rated from 100−150 watts,
and approximately 15 were rated up to
1 kW watt with 5−6 rated up to 5 kW.
By 1920, a wavelength of 360 meters
(833.3 kHz) had been allocated by the
U.S. government for public broadcasting, near the 600 meters (500 kHz)
range used for international distress
and experimental uses. By December
1921, a second wavelength of 485 meters
(618.6 kHz) had been added for crop
reports and weather forecasts. In spring
1922, a third wavelength was added
at 400 meters (750 kHz) for Class B
stations, which typically operated at
500−1,000 watts. In May 1923, frequencies were reassigned again. As a
result, two classes of stations occupied
frequencies of 500−1,350 kHz: Class A
stations transmitting at less than 500
watts (550−800 kHz and 1,000−1,350
watts) and Class B stations using 500
watts or more (870−1,000 kHz), with
some older stations still operating at
833.3 kHz. In a series of revisions in
April 1927, August 1933, and March
1941, broadcasting allocations were
further realigned and now permitted
single channel station broadcasting on
all frequencies between 550 kHz and
1,600 kHz. This allocation remained in
place into the 1990s (see Fig. 5).23
The History of American Broadcasting website analyzed and summarized
KDKA’s frequency authorizations by the
Federal Radio Commission (FRC) and
its successor the Federal Communications Commission (FCC).24
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Fig. 5. Evolution of the standard broadcast band. (Sterling and Kittross, Stay Tuned, 2002, p. 95)

■■ KDKA made its submission to the
FRC, dated October 16, 1920, on
Form 761, “Applicant’s Description of
Apparatus.” Form 761 specified that
KDKA had two transmitters: a high
frequency alternator (3,200 meter
set), and a vacuum tube transmitter
(500 meter set); both used for code
transmissions, and it contained a note
that the 500 meter set could also be
set up for audio transmissions.
■■ The November 1, 1920 Radio Service
Bulletin lists wavelengths of 3,200
meters (93.75 kHz) and 500 meters
(600 kHz) for KDKA. At the same
time, Westinghouse was assigned the
use of 330 meters for its 8ZZ broadcasts, although the 8ZZ and initial

KDKA broadcasts transmitted on
550 meters for the historic November 2, 1920 broadcast, as described
below. Westinghouse reports that it
transmitted on 330 meters until fall
1921, when Westinghouse’s other
stations (KDKA, WBZ, and WJZ)
were all assigned to 360 meters at
Westinghouse’s request.*
■■ The initial license authorized the use
of telephone apparatus on 600 meters
with 200 watts on October 27, 1920.
From October 5−23, 1922, KDKA
* “Listen, Local Wireless Fans,” Indiana Gazette,
Oct. 26, 1920, p. 1. “Test Give Proof Radio Can
Carry Election News,” Pittsburgh Post Gazette,
Oct. 29, 1920, p. 16. “The Radio Amateur,”
Pittsburgh Post Gazette, Oct. 24, 1920, p. 50.
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received authorization to operate on
400 and 485 meters with 600 watts.
A series of license modifications in
1922−1923 permitted operations at
360 and 485 meters with 600 watts,
1 kW, and 1.6 kW. In addition, KDKA
was granted use of 920 kHz at 500
watts to 10 kW that covered its three
transmitters in August 1923. A temporary permit allowed experimental
operations at 970 kHz and 50 kW,
and KDKA was authorized to use 1.5
kW of power in 1925.
■■ KDKA applied for additional allocations on April 1, 1927 (see Fig. 6).
Licenses were issued in June 1927
permitting operations at 950 kHz
and 30 kW as well as 50 kW. In 1928,
Westinghouse also received experimental rights granted at 25 kW, and
the main license was reallocated to
980 kHz at 50 kW.

■■ KDKA relocated its main transmitter
in 1929. Subsequent FCC authorizations in 1930 and 1932 granted operations at 980 kHz and 25 kW then 50
kW. In 1941, operations were granted
at 1,020 kHz and 50 kW.
In sum, at the time of the November 2, 1920 election broadcast, a KDKA
license had been signed in October 1920,
but Westinghouse had not received it
yet. So, Westinghouse requested and was
granted the temporary license 8ZZ to use
for the broadcast. Westinghouse therefore announced both 8ZZ and KDKA
call signs on-air.25
KDKA’s Early Transmitters

QST described Conrad’s station 8XK in
detail in its September 1920 issue cover
story (see Figs. 7 and 8). The tour was
likely provided by Conrad himself, since

Fig. 6. U.S. Federal Radio Commission application record for station KDKA dated Apr. 1, 1927.
(Courtesy, FCC)
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Fig. 7. Frank Conrad’s garage station 8XK appeared on the cover of QST. (QST, Sept. 1920, p. 1)
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Fig. 8. Frank Conrad’s house, garage, and antenna for station 8XK. (QST, Sept. 1920)

the station resided in his home garage.
The radio telephone set at the right of
Fig. 7 used two 50 watt power tubes,
where the plate circuit was supplied by
a 1,000 VDC generator, and a 5 watt
tube that amplified the audio frequency
of the usual direct current generator. The
set included two vacuum tubes operating in parallel and directly coupled to
the antenna inductance. A 700 cycle
generator rated at 300 watts supplied
the plate circuit, and was driven by a
half horsepower induction motor. When
adjusted to 250 meters for the Bureau of
Standards/ARRL Fading Tests, the set
delivered a current of 6.5 amperes to the
antenna, with an output of 450 watts.
The receiving equipment (not shown in
Fig. 7) was typically used for ordinary
34
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shortwave reception and comprised a
single circuit receiving tuner, which was
used in connection with a detector and a
two-stage amplifier. The antenna shown
includes the counterpoise in place of a
ground connection.26
Donald G. Little, the radio engineer who worked as Conrad’s assistant
at Westinghouse (see Fig. 9), provided
the earliest formal descriptions of the
transmitters at KDKA. He published a
detailed explanation of the equipment
used at KDKA in the September 1922
issue of Radio.27 Conrad presented a
paper about the station on January 2,
1924, at the convention of the Institute
of Radio Engineers (IRE) held in New
York City. He subsequently published
this paper in the June 1924 issue of the
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Fig. 9. Donald G. Little. (Proc. IEEE, June 1998)

Proceedings of the IRE.28 Little first joined
Westinghouse as a radio engineer after
serving in the U.S. Army Signal Corps
during World War I. At Westinghouse,
he was assigned to serve as Conrad’s
assistant. At Conrad’s direction, Little
designed and modeled the 1920 KDKA
transmitter. Little remained at Westinghouse until his retirement in 1958. He
provided numerous firsthand accounts
explaining KDKA’s operations in articles
published for a wide range of readers (see
Appendix 1).29
In 1922, the KDKA transmitter operated a modulated oscillator of four 250
watt tubes (possibly UV-204 tubes) in
parallel modulated by five similar tubes
also in parallel. All tubes operated with
approximately 2 kV on the plate from a
motor-generator set. The radio frequency
output was rated at 1 kW.30 This circuit,

the Meissner circuit, was being used in
experimentation jointly performed with
the Radio Laboratory of the Bureau of
Standards and Western Electric Company regarding signal fading at various
times of day for continuous wave broadcasts at 105 meters.31
By the time Little published his paper
describing KDKA in 1924, the station
had three complete transmitting sets.
Metal water-cooled vacuum tubes acted
as rectifiers, modulators, and oscillators.
The four rectifier tubes and associated
apparatus had a maximum rated output
direct potential of 10 kV. Circulating
water from a 100 gallon tank placed
approximately 20 feet above kept them
cool. The tubes used 20−50 gallons of
water per hour depending on the power
load and resulting heat. The station operated at 920 kHz using an inverted “L”
transmitting antenna with a counterpoise (see below). Two outside telephone
lines terminating at an operator’s desk
provided audio from a studio located at
the Pittsburgh Post and another studio
located at Westinghouse’s East Pittsburgh plant. In 1923, KDKA’s facilities
were considered state of the art.32
Little and a manager at Westinghouse, R. L. Davis, jointly published an
updated account of KDKA’s operations
in the August 1926 issue of the Proceedings of the IRE where they fully described
KDKA’s equipment as of 1926 that was
used for both regular and shortwave
broadcasting (see Figs. 10–15).33 An interior photograph of KDKA’s shortwave
broadcasting station equipment appeared
on the cover of the May 1928 issue of
QST, but the magazine provided only
Volume 33, 2020

35

The Centennial of KDKA’s Historic 1920 Broadcasts

Fig. 10. View of control desk of KDKA’s 1926 transmitter station located two miles
from the East Springfield Works. (Proc. IRE, Vol. 14, Aug. 1926, p. 502)

Fig. 11. View of KDKA’s 1926 transmitter and filter control panel. (Proc. IRE, Vol. 14,
Aug. 1926, p. 501)
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Fig. 12. View of KDKA’s 1926 No. 1 Transmitter. (Proc. IRE, Vol. 14, Aug. 1926, p. 506)

Fig. 13. View of KDKA’s 1926 transmitter filament motor-generator sets. (Proc. IRE,
Vol. 14, Aug. 1926, p. 486)
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Fig. 14. View of KDKA’s 1926 970 kHz oscillator frame. (Proc. IRE, Vol. 14, Aug. 1926, p. 485)

Fig. 15. General view of KDKA’s 1926 transmitter apparatus room. (Proc. IRE, Vol. 14,
Aug. 1926, p. 489)
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limited information in a short descriptive
paragraph about the station.34
KDKA’s research into signal fading
and signal strength eventually contributed towards its rationale for moving its
transmitter and antenna tower in 1929.
The FRC granted permits in July 1929.
The following year, the FRC granted permits for KDKA to operate experimentally
on 400 kW, the highest broadcasting
power ever attempted up to that time.35

Thus, in 1929, KDKA moved its
transmitter from East Pittsburgh to a
120 acre site at Saxonburg, Pennsylvania,
26 miles northeast of Pittsburgh. This
time, R. L. Davis and another Westinghouse radio engineer, V. E. Trouant,
published their description of KDKA’s
newest operations used in both regular
and shortwave broadcasting in the June
1932 issue of the Proceedings of the IRE
(see Figs. 16–18).36

Fig. 16. View of Saxonburg transmitting station in 1932 showing transmitter building.
(Proc. IRE, Vol. 20, June 1932, p. 922)
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Fig. 17. View of Saxonburg transmitting station in 1932 showing 40 volt, 1,000 ampere filament
motor generators. (Proc. IRE, Vol. 20 June 1932, p. 928)

■■ A 2,600 square foot brick building housed a new transmitter. The
antenna sat at some distance away,
over a pond, with eight 110 foot high
wooden (not metal) poles to limit
the signal absorption. The building
housed all of the equipment except
the rectifier transformers and filter
chokes, which sat on a platform at
the rear of the building. The wood
antenna poles were spaced on a circuit
more than 700 feet in diameter, each
with a vertical down lead that was fed
from a center point transmission line.
The 130 acre site was at 1,300 feet elevation, 100 feet higher than KDKA’s
prior transmitter (see below).37
■■ KDKA incorporated six new 100 kW,
40
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seven foot tall, eight inch diameter,
60 pound, water-cooled, power supply tubes (AW-220 tubes) that each
permitted KDKA to broadcast at 50
kW, half of the power capability. The
new tubes, intended for the highest frequency power output, were
cooled using soft water pumped to
an outdoor cooling pool before being
returned to the cooling coils and the
tubes. The new tubes replaced the
five smaller tubes in operation at the
former transmitter. The new Saxonburg facility could produce 400 kW
(see Fig. 19).38
Relocation of antenna tower to
Allison Park in 1939 (see below) and
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Fig. 18. View of Saxonburg transmitting station in 1932 showing AW-220 radio frequency output stage. (Proc. IRE, Vol. 20, June 1932, p. 929)

construction of a new transmitter building brought further changes to the transmitter itself: 39
■■ The new transmitter building was
revolutionary. For the first time, a
transmitter station of this size was
heated by the same air that was used

to cool the giant transmitting tubes.
There was no furnace in the building.
Air ducts and fins circulated cool air
about the tubes, and then recirculated the heated air throughout the
building. Since the station was on the
air 18 hours a day, electrical heating
units inside the ventilating ducts were
Volume 33, 2020
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Fig. 19. Saxonburg transmitting station’s AW-220 tube. (Radio News, Apr. 1931)
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able to provide sufficient heat for the
remaining hours.
■■ The new transmitter was intended to
send out both the standard broadcasts of KDKA as well as shortwave
programs over the Westinghouse
International station WPIT and
experimental noise-free shortwave
programs from a “pick-a-back” aerial
that was eventually mounted at the
top of the main tower.
■■ KDKA’s programs continued to originate from the Grant Building studios
in Pittsburgh that were conveyed to
Allison Park over special high quality
telephone lines at an input power of
one sixty-millionth of a watt, which
were then rebroadcast at 50 kW.
■■ The new KDKA transmitter had a
new master control system, which
provided a duplicate set of controls
for each of three transmitter units.
This enabled one operator in a glass
enclosed room to simultaneously
supervise the programs carried by all
three transmitters. The station also
had a push button relay shift device
that prevented broadcast interruptions
caused by burned out tubes by bringing a spare tube into service automatically when one of the six regular tubes
became inoperative. At the press of a
button, the inoperative tube could
be selected and cut out of the circuit,
allowing the reserve tube to go into
action without loss of station time
or danger to transmitter employees.
The Antennas

Conrad employed an inverted “L” antenna at his garage station 8XK that

was used in conjunction with a counterpoise in place of a ground connection
(see Fig. 8). The flat top of the antenna
had six wires, two feet apart, 105 feet
long, and 50 feet high. The arrangement
permitted operation at shortwave length
without the use of a series condenser. It
had resistance of 8 ohms at 250 meters.40
The original antenna for the 1920
broadcasts from Building K at the Westinghouse plant in East Pittsburgh comprised six wires 190 feet in length on
20 foot spreaders. The antenna sat 210
feet above the ground, supported by the
building’s smokestack at one end and a
100 foot pipe mast on the nine story
building at the other end (see Fig. 20).
A counterpoise, which duplicated the
antenna and replicated a ground connection, was located 110 feet beneath
the antenna. This brought the counterpoise about 15 feet below the transmitting set. The high frequency resistance
of the antenna system at 360 meters
wavelength was approximately 12 ohms,
and was mostly radiation resistance. The
antenna current was 6.5 amperes at 500
watts, and 9 amperes at 1 kW.41
Conrad’s initial shortwave broadcasts in 1921 transmitted from a simple
vertical pole mounted on the flat roof of
Westinghouse’s Building K. A number
of continuous copper strips were fastened to the pole’s surface in order to
eliminate high resistance joints in the
pole. These strips carried out over the
roof at the foot of the pole, forming an
extended ground. Conrad replaced this
antenna with a vertical L type antenna
and a counterpoise to overcome frequent unanticipated frequency shifts
Volume 33, 2020
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Fig. 20. KDKA’s 1920 antenna on Building K in East Pittsburgh. (Courtesy Heinz History Center,
Image 20170320-hpichswp-0042)

(see Fig. 21).42 Conrad designed new
versions of oil condensers to handle the
high amperages, new inductance coils,
and made other circuit and equipment
modifications, which successfully raised
the upper frequency limits to 3.8 MHz
(79 meters) (see Fig. 22).43
By 1929, KDKA’s shortwave broadcasts reached around the world. The
shortwave transmitter occupied the same
building as the longwave transmitter
that produced signals at 360 meters.
The shortwave transmitters operated
on 62.50 and 25.40 meters (see Fig. 23).
In April 1933, KDKA used an aerial
suspended by a blimp in experiments
performed at Saxonburg to help reduce
signal fading and to extend the range of
44
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the broadcasts by using a 25 foot long,
10 foot diameter, blimp at 1,500 feet
altitude to lift 500 feet of antenna wire
(see Fig. 24).44
On October 30, 1937, KDKA celebrated its 17th anniversary by dedicating a new 718 foot vertical antenna at
Saxonburg. The first antenna installed at
644 feet fell earlier in October. Designs
for the new, even taller 1938 antenna
included additional wire cabling and
forged steel turnbuckles to strengthen
the tower’s ability to withstand strains
and loads up to 100,000 pounds each.45
KDKA relocated the antenna in
1939 to the highest point in Allegheny
County at Allison Park, only eight miles
from Pittsburgh, when it also moved
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the transmitter. The 718 foot tall Truscon antenna located 1,400 feet from
the transmitter gave KDKA primary
broadcasting service over an area 10 times
greater than previous operations.
■■ KDKA placed a circle of eight 90 foot
antennas surrounding the 718 foot

vertical antenna to suppress interfering radio waves. These 90 foot antennas radiated “skywaves” in opposite
directions so that they nullified the
effect of the skywaves emitted from
the main antenna and extended the
fading zone.
■■ The 60 ton structure of the main

Fig. 21. KDKA’s 1921 shortwave antenna on Building K. (Proc. IRE, Vol. 12, Dec. 1924, p. 726)
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Fig. 22. KDKA’s 1921 transmitter unit including rectifiers, modulator, and oscillator. (Proc. IRE, Vol.
12, Dec. 1924, plate after p. 732)

Fig. 23. KDKA’s Saxonburg transmitting station circa 1929 with shortwave antennas shown at
the left. (Radio News, Feb. 1929)
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Fig. 24. KDKA blimp used to lift antenna aerial, circa 1933. (Courtesy KDKA)

antenna comprised 32 three-cornered, welded steel sections each five
feet wide, sitting on a 10 foot wide
concrete pier. The tower rested in the
ball and socket joint of a single large
porcelain insulator strong enough to
support the additional 20 ton load
added by the pull of the guy wires. At
336 feet of height, the antenna was
electrically broken by three insulators. The conductivity of the ground
was improved by burying 50 miles
of copper wire radiating out for 700
feet at one degree apart.46
■■ Cross-arm aerials were also superimposed on the main tower for high
frequency transmission, but those
broadcasts were limited to 35 miles
radius from the tower. The new tower

eventually assumed all shortwave
broadcasts made over station WPIT
(formerly W8XK), which were still
operating from Saxonburg in 1939
(see Figs. 25 and 26).47
The antenna tower, at 718 feet, was
the tallest welded structure in the world
and weighed 60 tons.48 It was also the
tallest structure in the United States, rising 1,900 feet above sea level. The American Bridge Company manufactured the
carbon steel, and a team of nine men
erected it in 72 hours. Its top 60 foot
aviation beacon and lightning rod were
level with the roof of the Radio City
Building in New York City. Known for
its efficiency, it had the strongest signal
within its range of any other antenna.
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Fig. 25. View from afar showing KDKA’s Allison Park antenna in 1939. (Broadcasting,
Nov. 1, 1939, p. 17)
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Fig. 26. View from bottom up showing KDKA’s Allison Park antenna in 1938. (Radio News, Jan.
1938, p. 393)
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It broadcast at a constant 50 kW, the
most powerful wattage allowed on the
AM airwaves.49
Over the years, the main tower was
painted with several layers of orange and
white paint so that it would not present
a hazard to aircraft. It also was equipped
with a 36 inch rotating aviation beacon placed atop a 60 foot cap tower. In
1994, the tower was replaced for structural reasons. The replacement tower that
still stands today is also made of carbon
steel and resembles the original tower;
however, it is equipped with the latest
electrical and mechanical technology.
The current transmitter and its identical
backup system have been online since
1980.50
KDKA opened its FM tower in 1948,
operating at 92.9 MHz, and transmitted
on low band frequency of 47.5 MHz.51
The dual band transition period ended
at midnight on January 8, 1949, at which
time all low band transmitters had to
be shut down, thereby making obsolete 395,000 original FM receivers that
had been previously sold and purchased
under the original specification of the
FM frequency band.52
Station Identification

Conrad received experimental license
8XK in 1916. He also used station 2WE
at the Westinghouse plant in East Pittsburgh and 2WM at his home in Wilkinsburg. By 1919, he was using 8XK for most
broadcasting tests. Conrad’s experimental station 8XK provided some voice and
music broadcasts by October 1919. Other
experimental stations and amateurs occasionally broadcast phonograph music
50
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as well, even as early as 1906 (Reginald
Fessenden), 1907 (Lee De Forest), and
1909 (Charles “Doc” Herrold). Nonetheless, Conrad is often credited with
triggering or inspiring a critical chain
of events that helped create the broadcasting industry. (Note, it is outside the
scope of this article to fully explore the
validity of various claims of who was
“first” in radio broadcasting.)53
Evidence from an oral interview of
Conrad taken by George Clark circa
1940 indicates that Conrad broadcast
“radio concerts” earlier than October
1919 using his special wartime license
before he could have been reassigned
the 8XK license after the war, possibly
as early as April 15, 1919. These broadcasts occurred well before the U.S. ban
on radio reception was lifted, and possibly much earlier during experimental
testing.54
On November 2, 1920, Conrad operated 8XK from his home as a backup
for KDKA, which had authorization to
operate under a special temporary amateur call sign 8ZZ in case the license for
KDKA did not arrive in time. Donald
Little remained at KDKA serving as the
announcer and monitoring the 100 watt
transmitter.55 Conrad later recalled in
the Clark interview that call sign 8ZZ
and KDKA were used interchangeably
and that he had also participated as an
announcer.56
Arthur Goodnow, the retired Director of Transmitter Engineering for Westinghouse, analyzed government records
and reports about KDKA’s licensing history. KDKA began as a Land Radio Station, Class Limited Commercial under
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a license issued on Oct. 27, 1920, by
the Bureau of Navigation of the U.S.
Department of Commerce.
■■ The license authorized 500 and 3200
meter transmission and also “300 and
600 meters to be used as required in
regulations 42 and 44,” which meant
KDKA was authorized to use 300
meters as a working wave and 600
meters as a calling and distress wave
in the maritime service. Power levels
were set at 2 kW for radio telegraphy and 200 W for radiotelephony.
The KDKA license never mentioned
broadcasting, but KDKA operated
the historic November 2, 1920,
broadcast of U.S. election results on
550 meters.
■■ On November 7, 1921, KDK A’s
license was modified to include
broadcasting on “360 meters to be
used exclusively for broadcasting.”
■■ The first station in the United States
to receive an authorization specifically
stating, in so many words, that the
license was intended for radio “broadcasting” was actually Westinghouse’s
second broadcast station WBZ in
Springfield, Massachusetts, which
received its authorization on September 21, 1921.57 Although KDKA
was not the only station to broadcast
election night returns on November
2, 1920 (for example, 9XM/WHA
in Madison, Wisconsin, broadcast
the results using wireless telegraphy),
KDKA claims to be the first station
to broadcast regularly scheduled programming, and claims to be the first
to engage in “broadcasting” as that

term is commonly used today. KDKA
is often acknowledged as the oldest
station still in continuous operation.58
■■ Following the opening of WBZ,
Westinghouse opened WJZ in
Newark, New Jersey, and KYW in
Chicago, Illinois, in October and
November 1921, respectively.59
As Conrad’s interest in shortwave
broadcast experiments grew during
1921−1922, KDKA installed and operated experimental shortwave station 8XS
on the rooftop of Westinghouse’s Building K. Beginning July 19, 1923, KDKA
began regular nightly 4.5 hour shortwave
broadcasts that were soon received across
the world.60 In July 1924, the shortwave
transmitters were upgraded and relocated to nearby Forest Hills, Pennsylvania. Conrad’s historic call sign 8XK
was transferred to the KDKA shortwave
transmitter at about this same time.61 By
1927, KDKA shortwave broadcasts on
8XK could be heard most nights at 4.760
MHz.62 Call sign 8XS was returned to
the Federal Radio Commission in 1925.63
In November 1927, the FRC held a
Washington conference attended by 79
nations and many non-voting organizations. A major accomplishment included
the adoption of frequency allocations
for most of the broadcast spectrum. It
also established that experimental stations would carry country/region prefix
in their call signs; i.e., a “W” prefix was
added to U.S. experimental station “X”
call signs east of the Mississippi River
to match the newly agreed-upon international labeling system. Thus, KDKA’s
experimental station 8XK became
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W8XK effective October 1, 1928, in
the United States and January 1, 1929,
internationally.64
A number of other call signs are associated with KDKA. Call sign 8XAU
dated from 1924 for use at Westinghouse,
which was subsumed into 8XK within
the year. Westinghouse used 8XAV for
television experiments in the 1920s. Both
Westinghouse and the University of
Pittsburgh held 8XI during World War I,
and it appears to have been a forerunner
of 8XK. In 1937, Westinghouse received
call sign 8XKA for ultra-shortwave band
experiments.65
In subsequent years, frequency locations and broadcasting schedules were
revised numerous times. Call signs for
a number of experimental stations also
changed effective September 1, 1939,
including W8XK, which became WPIT.66
Finally, on the corporate side,
Westinghouse formed its broadcasting
company in the 1920s, known as Westinghouse Radio Stations, Inc., which
it subsequently renamed as Westinghouse Broadcasting Company (WBC)
in 1954. WBC adopted the “Group W”
moniker on May 20, 1963. WBC operated a self-contained entity within the
Westinghouse corporate structure. WBC
maintained its headquarters in New York
City, even though Pittsburgh remained
the parent company’s headquarters.
WBC operated KDKA. In 1943, WBC
stations became affiliates of NBC’s Red
Network. WBC eventually built sister
stations for FM operations, i.e. KDKAFM, and for television operations, i.e.
KDKA-TV. Today, CBS owns and operates KDKA-TV, and Entercom owns
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KDKA-AM, while KDKA-FM is owned
by Steel City Media.67
KDKA’s Studios

For its first six months, KDKA operated
without a studio. All programs originated
either as phonograph records played on
turntables in the tiny transmitter penthouse atop Building K or from churches,
theaters, hotels, or other remote points
that were relayed back to the transmitter.
In May 1921, KDKA added live band
and orchestras to the programming.68
KDKA broadcast its first studio
programs from a ninth floor auditorium at the plant, but the microphones
picked up excessive sound resonance in
the room. So, engineers erected a tent
draped with burlap (originally termed
“monk’s cloth”) and a single-room shack
on the roof next to the transmitter-penthouse. The single room accommodated
transmitting equipment, a turntable for
records, and KDKA’s first broadcast staff.
The performers worked outdoors under
the tent. The rooftop tent/studio worked
reasonably well all summer that year
until the weather worsened and the tent
blew down in a storm. Engineers further
developed the use of burlap drapes and
acoustical boards after constructing an
indoor studio the following October in
Building K.69 As part of ongoing facility
upgrades, a new studio went into operation in December 1922 (see Fig. 27).70
KDKA opened an auxiliary studio
in Pittsburgh’s Old Post Building for
the convenience of speakers who did
not want to travel to East Pittsburgh.
The station eventually moved into the
ground floor of the Fort Pitt Hotel,
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occupying two rooms and a bathroom,
which housed the control equipment. In
January 1929, KDKA opened new studio
facilities at the William Penn Hotel.71
The following June, KDKA relocated its master control facilities to the
hotel.72 In November 1934, on KDKA’s

14 th anniversary, KDKA inaugurated
new studios in downtown Pittsburgh’s
Grant Building on the third floor.73 The
studio included a master control room
that relayed the radio signals to the main
transmitter site at Saxonburg, location of
the 50 kW transmitter (see Figs. 28–30).

Fig. 27. Cover of Radio Broadcasting News showing new KDKA studio at Building K in December
1922. (Radio Broadcasting News, Dec. 30, 1922, p. 1)
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Fig. 28. Floor plan for KDKA studios in the Grant Building circa 1934. (Courtesy Broadcast Pioneers Library)

Fig. 29. Control room at KDKA studios in the Grant Building circa 1937. (Courtesy
Broadcast Pioneers Library)
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Fig. 30. Transmitter control room at Saxonburg circa 1937. (Courtesy KDKA)

Twelve years later, in May 1956,
KDKA relocated the radio studios to
1 Gateway Center, joining KDKA-TV,
where they remained until 2010. That
year, KDKA-AM relocated to CBS’s
combined radio facility on Holiday
Drive in nearby Green Tree, Pennsylvania. KDKA continues to transmit from
the Allison Park facility today. Meanwhile, KDKA-TV continued its studio
operations at Gateway Center, where it
remains today.74
KDKA’s First Decade

Frank Conrad’s initial experiments
focused on 100 meter shortwave broadcasting between KDKA and amateurs

living in the Pittsburgh area. In 1922,
Conrad successfully demonstrated shortwave radio reception while at an International Radio Conference held in London
where the audience heard broadcasts
from station 8XK.75 Based on these and
other successful experiments and demonstrations, Westinghouse installed a second receiving and broadcasting station,
KDPM, in Cleveland, Ohio. Two years
later, in 1923, Westinghouse opened station KFKX at Hastings, Nebraska, and
claimed it to be the world’s first repeating station. It was specifically located
near the geographic center of the United
States. Westinghouse did not consider
KFKX to be an experimental station
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since much of its design was copied from
KDKA’s existing technology and systems. Going forward, much of KDKA’s
research efforts centered on shortwave
transmitting and reception. Experiments
involved determining the precise carrier
wave frequencies that would give the
maximum constant strength of signal,

especially during high listenership broadcast hours. KDKA maintained a 100
meter shortwave transmitter antenna,
only 35 feet long, atop Building K in
East Pittsburgh (see Fig. 31).76
Recognizing the success of KDKA’s
shortwave broadcasts from Pittsburgh
and the establishment of KFKX as a

Fig. 31. KDKA’s 100 meter shortwave antenna on Building K. (Courtesy Heinz History
Center, Image 20170320-hpichswp-0059)
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repeating station, the newly formed British Broadcasting Company (BBC) established a private high frequency receiver in
Manchester, England, to perform tests of
its own with KDKA and KFKX. This led
to the BBC’s own shortwave broadcasts
by December 29, 1923, that were linked
to KDKA. On December 31, 1923, Davis
broadcast a New Year greeting speech to
the people of Great Britain.77
Over subsequent years, Westinghouse
expanded its operations at KDKA, as
told in numerous firsthand accounts (see
Appendix 1) and in other publications.
It also opened and operated a number of
other radio stations and built the Westinghouse network of radio stations (see
Appendix 2).
In its first decade, KDKA achieved a
string of successes and received national
and international attention from those
accomplishments. For example, a brief
survey of just the New York Times reporting for the general public: 78
■■ December 21, 1923 – “Boy In Belfast Picks Up KDKA” – Noted that a
Belfast schoolboy in Ireland received
a radio concert broadcast by KDKA
showing the international reach and
distances achieved in reception of
the station.

■■ February 10, 1924 – “Mountains
Cause KDK A’s Music to Swing
And Fade” – Explained research into
KDKA’s broadcast reception at different times of day and night and at
many signal locations “all over the
dial” and the development of a filter
circuit or “wave trap” placed between
the antenna and ground.
■■ March 16, 1924 – “Sextet of Stations
Broadcast Over A Span of 7,000
Miles” – Explained how KDK A
intercepted and relayed shortwave
broadcasts originating from New
York City’s Aeolian Hall on WJZ
to California and England; KDKA
combined telegraph, telephone, and
radio operations and multiple amplification/rebroadcast of the received
radio signals (known as a remote control broadcasting system) involving
six stations that covered 1.5 million
square miles (see Fig. 32).
■■ April 20, 1924 – “Pittsburgh Programs Relayed To England on Short
Waves” – Described British reception of American programs broadcast
from Pittsburgh on shortwave.
■■ March 29, 1925 – “Transmitter On
A Truck Relays Programs To KDKA”
– Described mobile radio operations
with portable shortwave transmitters.

Fig. 32. KDKA’s international broadcasting system. (New York Times, Mar. 16, 1924)

Volume 33, 2020

57

The Centennial of KDKA’s Historic 1920 Broadcasts

■■ October 5, 1924 – “Short Waves To
Link 62 Banquets” – Described how
10,000 diners met simultaneously
in America and England to hear a
President Coolidge address from the
White House through KDKA (see
Fig. 33).
■■ April 20, 1925 – “Australia Hears
KDKA” – Described the experimental rebroadcast of KDKA signals in
Sydney, 9,000 miles distant.
■■ June 7, 1925 – “Low Aerial On Hill
Radiates Further And Waves Fade
Less” – Explained hilltop broadcasting versus high-tower valley
broadcasting tests of received signal
strength and the theory of fading.
■■ May 14, 1927 – “Devise New System
of Broadcasting” – Explained how
1,900 stations could operate simultaneously on KDKA’s new 500 Hz
signal separation system, which vastly
improved station selectivity.

■■ November 29, 1927 – “Test Short
Waves To Attune Stations” –
Explained how KDKA and KYW
of Chicago tested synchronized chain
broadcasting that permits single
channel use of a single radio wave
for broadcasts without interference.
■■ January 6, 1929 – “KDKA Program
Reaches Top and Bottom of World” –
Described the Christmas broadcast to
the Admiral Byrd Expedition at the
South Pole and the Canadian outpost
near the North Pole, world record
transmissions traversing more than
11,000 miles.
■■ January 9, 1929 – “Radio to Byrd
Improves” – Described further test
broadcasts to the Admiral Byrd Expedition at the South Pole.
■■ January 22, 1929 – “Dual Broadcasting System Invented By Pioneer
at KDKA” – Described the Conrad
patents permitting one microphone to

Fig. 33. Shortwave receivers installed at 62 banquets by KDKA. (New York Times, Oct. 5, 1924)
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serve two transmitters simultaneously
that was used for both 316 meter and
shortwave broadcasts.
■■ February 24, 1929 – “KDK A
Rebroadcasts Big Ben Time Signal”
– Explained the international experiments to rebroadcast Chelmsford,
England’s 5SW shortwave broadcasts
at midnight London time or 7 p.m.
in New York.
■■ September 5, 1929 – “New Distance
Record Set By Radio Program” –
Described the KDKA report of the
German blimp the Graf Zeppelin’s
arrival in Lakehurst, New Jersey, as
heard by Admiral Byrd’s ship at New
Zealand, 9,000 miles distant.

in Pittsburgh in August 1932 at the William Penn Hotel, once the location of
KDKA’s earliest radio studios. Again,
exhibits and programs featured KDKA
as a major attraction. Bus tours brought
participants to see KDKA’s current and
historic locations at the Westinghouse
plant and the Saxonburg transmitter
station.81
Throughout, 8XK, W8XK, and
KDKA issued confirmations and other
correspondence with listeners from the
general public and amateur radio followers. Beginning the night of the initial November 1920 broadcast, KDKA
announced a familiar request to the radio
audience, “Will anyone hearing this
broadcast communicate with us, we are
anxious to know how far the broadcast is
reaching and how it is being received.” 82
Written contacts were made by sending post cards, station letters, and amateur radio QSL card mailings to verify
radio contacts and signal strengths (see
Figs. 34–37).

The decade would not have been
complete without obtaining the full
recognition of the ARRL. In January
1925, ARRL held a Tri-State Convention
in Pittsburgh and included a special tour
of KDKA to see the 63 meter transmitter.79 ARRL returned in June 1927 for its
Atlantic Division Convention. This time,
Bell Telephone
Company and
Westinghouse
teamed up to
provide tours of
the telephone
exchange and
t he s t at ion
faci lit ie s at
KDKA.80 The
IRE held their
20 th anniver- Fig. 34. Reception verification card with interior view: 1922 KDKA post card.
sary convention (Authors’ collection)
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Fig. 35. Reception verification card showing antennas and interior of building: 1928 KDKA QSL
card. (K8CX Collection)

Fig. 36. Reception verification card: 1929 W8XK QSL. (Authors’ collection)

60

The AWA Review

Bart and Bart

Fig. 37. Reception verification card showing antenna views: 1969 KDKA QSL. (Flickr)

Frank Conrad’s Later Years 83

Conrad continued doing groundbreaking radio research throughout his life.
He investigated transmitter harmonics,
the unwanted additional radio signals
produced at higher frequencies than a
station’s normal transmission frequency.
He unexpectedly found that harmonics could be heard farther than the primary signal in some instances. This work
initially led Westinghouse to evaluate
the commercial potential of shortwave
transmissions. In 1924, Conrad showed
Radio Corporation of America’s (RCA)
then vice president and general manager,
David Sarnoff, that low-powered shortwave signals from East Pittsburgh could
be received in London using a simple
receiver with a curtain rod as an antenna.
This matched the results obtained, at a
small fraction of the cost, from RCA’s

method for transatlantic radio using the
massive longwave Alexanderson alternator transmitters at RCA Radio Central
located on Long Island. RCA’s transmitters produced signals that were sent and
received using horizontal antennas with
lengths measured in kilometers.84
Conrad’s last license for 8XK expired
November 3, 1924. Westinghouse redesignated the call sign of a different
experimental station in East Pittsburgh
from 8XAU to 8XK in December 1924.
Thus, the historic 8XK call sign continued to be heard worldwide as part of
Westinghouse’s shortwave transmission
tests.85
In 1928, Conrad demonstrated a
movie film-to-television converter at
Westinghouse, and he also researched
narrowband FM transmissions.86 Conrad
retired from Westinghouse in 1940. He
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suffered a heart attack the following year
on November 6, 1941, while driving to
his winter home in Miami, Florida. He
died there on December 10, 1941.87
Conrad shared his research publicly
from the start. He provided a description of his home garage station 8XK to
QST in its cover story for the September 1920 issue. He presented a comprehensive description to the Radio Club
of America in a presentation entitled

“Description of Radio Station 8XK” in
September 1921.88 These were followed
by numerous other firsthand descriptions
of station 8XK and KDKA over the years
(see Appendix 1).
Conrad became widely acclaimed as
a father of radio broadcasting. He was
featured in the cover story of the June
1930 issue of Radio-Craft as one of the
“Men Who Made Radio” (see Fig. 38).
He served on the Advisory Technical

Fig. 38. Frank Conrad on the cover of Radio-Craft. (Radio-Craft, June 1930)
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Committee of the ARRL in 1923, as
reflected in the issues of QST published
that year. He was very active in the AIEE
and the IRE, the predecessor organizations to the Institute of Electrical and
Electronics Engineers (IEEE), where he
published numerous articles about his
research.
Starting as a self-made man with a
seventh grade education, in 1928, Conrad received an honorary Doctor of
Science degree from the University of
Pittsburgh in recognition of his many
contributions. He received numerous
awards for his work, including: 89
■■ Liebmann Award (1925) from the
IRE for his research on high-frequency radio receivers and shortwave
transmission.
■■ Fellow, IRE (1927).
■■ Vice President, AIEE (1927) and
Chair of the Committee on Admissions (1927).
■■ Edison Medal (1930) from the
AIEE for his contributions to radio
broadcasting and shortwave radio
transmission.
■■ Scott Medal (1933) from the city
of Philadelphia for inventions that
improved the comfort, welfare, and
happiness of humankind.
■■ Lamme Medal (1936) from the AIEE
for pioneering and basic developments in the fields of electric metering and protective services.
■■ Fellow, AIEE (1937).
■■ Gold Medal (1940) from the American Institute of the City of New York.
■■ Member of the Society of Automotive
Engineers.

■■ Member of the American Association
for the Advancement of Science.
■■ IEEE Electrical Engineering Hall of
Fame (2007).
Legacies and Commemorations
The First Broadcasting Station?
KDKA gained recognition as an early
commercial broadcaster as the strength
of its signal grew and as it reached more
listeners over a wider geographic area.
Its reputation stemmed, in part, from
its commitment to providing regularly
scheduled programming and publishing its programming schedules, which
were widely disseminated in newspapers.
Westinghouse supported the broadcasts
by developing low-cost easily operated
radio receivers that became widely available to the public, thereby expanding the
radio experience from the more technical
amateur to the much broader general
public.
KDKA is not the world’s oldest radio
station. Instead, KDKA considers itself
“the pioneer broadcasting station of the
world” and “world’s first broadcasting
station.” 90 As Davis later explained, by
design and intent, Westinghouse and
KDKA “endeavored to render a real public service, with regularity, presenting
well-planned, high-grade, interesting,
and timely advertised programs.” 91 Note,
KDKA’s claims pertain to a nuanced
view of the word “broadcasting” that
includes programming management and
public announcements of that programming. It lies outside the scope of this
article to verify or debate those claims.
Other authors have surveyed these issues
and reached their own conclusions.92
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KDKA quickly claimed a long list of
accomplishments. KDKA’s promotional
literature and its management claim to
have achieved many firsts (note, verification of these claims is outside the scope
of this article): 93
■■ First commercial broadcasting studio.
■■ First church service.
■■ First broadcast from a hotel.
■■ Herbert Hoover’s first radio address.
■■ First presidential inaugural address
(President Harding).
■■ First broadcast from a theater.
■■ First symphonic music played on the
air.
■■ First sports broadcast (boxing match
between Johnny Ray and Johnny
Dundee).
■■ First heavyweight boxing match
broadcast (Jack Dempsey knockout
of Georges Carpentier).
■■ First broadcast of a tennis match.
■■ First regular government farm
reports.
■■ First radio newsroom (linked to the
Pittsburgh Post).
■■ First full time professional radio
announcer and sportscaster (Harold
Arlin).
■■ First radio broadcast of comedian
(Will Rogers).
■■ First baseball game broadcast (Pittsburgh Pirates beat the Philadelphia
Phillies).
Westinghouse Radio

Westinghouse arrived as a relative latecomer to radio manufacturing. Notwithstanding its government contracts in
World War I to produce military airplane
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radios, it did not join the “radio group”
until 1920. In May 1920, Westinghouse
acquired the International Radio Telegraph Company, successor to Fessenden’s
National Electric Signaling Company,
and in November of that year it acquired
Armstrong’s regeneration circuit patent
and superheterodyne patent application.
Davis’s recognition of the potential for
broadcasting and the KDKA license in
November 1920 suddenly put Westinghouse into the radio business. Within
weeks, Westinghouse secured the Armstrong patent transfer and put nameplates
on its initial production run of new RA/
DA radio sets.94
Conrad, with assistance from Little,
designed forerunners to the Westinghouse RA and DA sets in 1919 for wireless telegraphic communication between
Westinghouse’s facilities at Newark, New
Jersey, and Cleveland, Ohio. They tested
them in April and May 1920. The RA
patents were issued in July 1920, but no
clear concept yet existed to manufacture the sets for the public. Within six
months, these would become the first
radio receivers manufactured and sold
to the public specifically for broadcast
radio reception.95
In November 1920, both stations
8XK and KDKA used the sets as receivers to monitor their broadcasts and for
intra-company receptions. The sets
appear in the well-known photographs of
KDKA’s first station (i.e., see the center
of the photo in Fig. 39), and they were
distributed among some local amateurs
and friends of Westinghouse officers.96
The first production run with nameplates dated Nov. 30, 1920, consisted of
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Fig. 39. KDKA’s November 1920 station with an early version of the RA/DA receiver set on the
table left of center and the transmitter right of center. (Courtesy, Heinz History Center, Image
20170320-hpichswp-0043).

approximately 1,700 RA and DA units.
Advertising placed in QST, Wireless Age,
and other magazines notified the public
of their availability. In 1921, Westinghouse made approximately 80,000 units.
The last production run in 1922 totaled
approximately 63,000 units. Westinghouse combined many RA/DA sets into
a single case and sold them as RC units.
Thus, within the 18 months from June
1921 to January 1923, Westinghouse
designed and produced three variants
of the RA/DA individual units and the
combined RC units, plus a range of other
new radio models, and brought to market

approximately 145,000 total radios (15%
RA/DA and 85% RC).97
Westinghouse further conceived of a
way for groups to listen to the radio by
developing the Vocarola loudspeaker.
Although some other commercial loudspeakers existed by the early 1920s,
Conrad later described in the Clark
interview how he was inspired by an
automobile speaker horn to connect a
telephone reproducer for driving the horn
to project the sounds of radio reception
to listeners. This led to the development
of a simple home radio loudspeaker, sold
by Westinghouse as the Vocarola. This
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enabled a room of people, not just one
listener using headphones, to hear the
radio programming.98
In a span of just a few years, Westinghouse moved into producing commercial
crystal detectors, crystal radios, one-tube
radios, and various combination sets,
all springing from its new concept of
the radio listeners’ marketplace. Westinghouse successfully designed a simple
radio receiver for the general public, and
Westinghouse correctly anticipated the
demand for broadcast receivers.
Westinghouse also organized a marketing approach. Westinghouse began
issuing a magazine dated January 1,
1922, subsequent to the November 2,
1921 first anniversary of KDKA’s 1920
broadcast. The new magazine, Radio
Broadcasting News, was distributed to
2,000 newspapers to announce KDKA’s
programs. The information prompted the
listening audience to seek the programming that in turn necessitated purchasing radios made by Westinghouse and
other manufacturers. Radio Broadcasting News was one of the first regular
publications announcing radio station
programming.99
Westinghouse soon entered crosslicensing agreements with RCA and
General Electric in June 1921 and quickly
dominated the manufacturing of broadcast receivers marketed by RCA in the
early years of the broadcast era.100 Within
five months of KDKA’s November 1920
broadcast, an estimated 600,000 people
possessed radio receiving sets, compared
to only 50,000 the previous year.101 By
the end of 1922, more than 500 radio
stations were operating, and by 1927, 710
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stations were broadcasting.102 The total
number of radio broadcasting listeners
in 1927 was estimated at 40 million,
and the industry had grown from $2
million in annual revenues in 1920 to
$500 million, all due to broadcasting.103
Legacies

KDKA’s historic broadcast was hardly
mentioned in newspapers and magazines during 1920. “The sensation in the
public press created by this marvelous
demonstration of wireless telephony”104
would not begin to be recognized
outside of Pittsburgh until May 1921
(QST and Scientific American) and July
1921 (Literary Digest).105 Yet, the legacies of KDKA and its predecessor 8XK
are celebrated today. David Sarnoff,
RCA’s legendary president, proclaimed
Frank Conrad to be “a man respected
and admired throughout the electrical
and radio industries, a benefactor of
humanity and my friend.” 106 Conrad
and Westinghouse’s stations, along with
other experimental stations and early
broadcasters, transformed radio from
an amateur technologist’s hobby to a
broad, easily accessible, national pastime.
Radio converted from the use of small
crystal radios and personal transmitters
issuing point-to-point communications
into a voice driven medium cast upon
the airwaves for all to listen.
But Conrad was a technology developer, not a company president. When
radio pioneer Guglielmo Marconi died,
all the radio stations in the world broadcast a two-minute silence. When Conrad
died at age 67 in 1941, there was no such
fanfare.107
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Celebrations and Historic Markers

The 100 th anniversary of KDKA’s broadcast of the Harding-Cox election returns
occurs in November 2020. Numerous
museum exhibits, plans for activities
and events, and commemorative radio
operations are contemplated as we write
this article. Both the Radio Club of
America and members of the Antique
Wireless Association will be participating in KDKA’s centennial celebrations.
Numerous previous milestones have also
been celebrated.
In 1964, KDKA received the fourth
annual Broadcast Pioneers “Mike”
Award for its “enlightened management,
inventive, entertaining and informative
programming, and responsible, rigorous community involvement.” 108 In the
1960s, WBC produced commemorative
Zippo cigarette lighters celebrating the
accomplishments of the broadcasting
company (see Fig. 40).

Fig. 40. Westinghouse Broadcasting Company
Zippo lighter, mid-1960s. (Authors’ collection)

In 1970, Westinghouse prepared
a retrospective on the history of radio
broadcasting to honor the 50 th anniversary of KDKA broadcasting the 1920
election returns. Years earlier, Conrad
was interviewed by Westinghouse about
how KDKA began. His live interview
is now available online.109 KDKA promoted major celebrations of the anniversary, published a booklet about its history
(It Started Hear), issued commemorative
keepsakes, and held special events (see
Figs. 41 and 42).
KDKA celebrated its 75 th anniversary in 1995. The previous summer, in
June 1994, after six decades of service
in Allison Park, the 1939 KDKA radio
tower was replaced. The 1994 replacement tower continues operating today.
■■ Since 1946, KDKA worked with
the Old Newsboys charity organization on an annual campaign to raise

Fig. 41. KDKA 50 th anniversary coaster. (Authors’
collection)
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Fig. 42. KDKA 50 th anniversary pewter plate.
(Authors’ collection)

money for children whose families
could not afford health care. In the
late 1960s, KDKA established its own
fund drive for the Children’s Hospital
of Pittsburgh’s Free Care Fund, highlighted by holiday broadcasts from
department store windows. As the
antenna tower came down in 1994,
KDKA collaborated with the hospital
to sell pieces of the original tower at
$20 each for the benefit of the Free
Care Fund.
■■ Cross-section segments of KDKA’s
1939 antenna tower now survive in
4,000 Lucite keepsake commemoratives of the station’s 75 th anniversary
as staff awards, advertising pieces, and
public souvenirs, each complete with
the original orange colored paint (see
Fig. 43).110
Efforts to preserve Conrad’s twostory garage date to 1987 when it was
scheduled for demolition. Recognizing
the importance of the building, the city
68

The AWA Review

Fig. 43. KDKA 75 th anniversary commemorative segments of the 1939 transmitter tower.
(Authors’ collection)

of Wilkinsburg halted the demolition
and searched for options. In 2001, the
National Museum of Broadcasting carefully dismantled Conrad’s garage and
placed it into storage. However, the
house was demolished. The telephone
pole, which held Conrad’s antenna,
was reportedly cut up and pieces were
given as desk sets when the house was
demolished.111 The museum hopes it will
rebuild the garage someday as part of a
complete broadcasting museum to be
constructed in Pittsburgh.112 The site of
Conrad’s house and garage later became
a Wendy’s restaurant.113
In 2010, KDKA celebrated its 90 th
anniversary. The National Association of
Broadcasters featured the station’s history at its Philadelphia show. The show
featured highlights of the tower and
broadcast stations.
Numerous sites around Pittsburgh
include historic markers that celebrate
Westinghouse’s and Pittsburgh’s ties to
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Conrad, 8XK, and KDKA. Two markers
in particular are of note.
On November 2, 1957, the 37th anniversary of KDKA’s first broadcast, a
historical marker was dedicated at the
site of Dr. Conrad’s former home in
Wilkinsburg. It was subsequently removed in 2014 to a nearby location in
Wilkinsburg. Unfortunately, the claims
made on the historical marker can be
disputed due, in part, to the very loose
and overly broad wording. For example,
what is meant by “radio broadcasting?”
Also, what defines the “first scheduled
broadcast?” Others have also asserted
claims to these achievements as mentioned elsewhere in this article. The
marker reads:114

WESTINGHOUSE
RADIO STATION KDKA

Westinghouse Radio Station KDKA
was a world pioneer of commercial
radio broadcasting. Transmitting with
a power of 100 watts on a wavelength
of 360 meters, KDKA began scheduled
programming with the Harding-Cox
Presidential election returns on November 2, 1920. A shed, housing studio and
transmitter, was atop the K Building of
the Westinghouse East Pittsburgh works.
Conceived by C.P. Davis, broadcasting
as a public service evolved from Frank
Conrad’s weekly experimental broadcasts over his amateur radio station 8XK,
attracting many regular listeners who
had wireless receiving sets.

BIRTHPLACE OF
RADIO BROADCASTING

Here radio broadcasting was born. At
this location, Dr. Frank Conrad, Westinghouse Engineer and Scientist, conducted experimental broadcasts which
led to the establishment of KDKA and
modern radio broadcasting, and to
the world’s first scheduled Broadcast,
November 2, 1920.

On June 1, 1994, the IEEE installed
an IEEE Milestone marker. But, some
of the claims made in this plaque are
contradicted by the historical record.
For example, as explained in this article,
KDKA transmitted on 500 meters, not
360 meters. Nevertheless, the marker
states:

KDKA’s Current Transmitter Station 115

Although the original KDKA transmitter towers on the roof of Westinghouse’s
East Pittsburgh plant no longer stand, a
number of KDKA’s antenna and station
relics still exist. For example, the Heinz
History Center in Pittsburgh exhibits
the KDKA transmitter used in November 1920. On loan from the Smithsonian Institution National Museum of
American History, it contains original
parts within the reassembled replica. The
Smithsonian collection also includes a
microphone from the 1920 station.
The Saxonburg site remained in
use for shortwave, operating under the
W8XK call sign, until the end of World
War II, and was eventually donated to the
nuclear physics program at the Carnegie
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Institute of Technology (now Carnegie
Mellon) for the construction of a cyclotron. After the cyclotron was dismantled
in the 1970s, the Saxonburg site became
home to the high-tech firm II-VI Corporation, which remains there today.
Westinghouse’s Building K in East
Pittsburgh was demolished to make way
for a new industrial park in the first
decade of the 21st century. The Gateway
Building in downtown Pittsburgh, which
once housed KDKA radio and television studios, remains standing. In 2010,
KDKA radio studios relocated to the CBS
radio headquarters in nearby Green Tree.
In November 2017, on the 97 th anniversary, the Radio Club of America was
given a private tour of KDKA’s radio
studios in Green Tree and its transmitter
at Allison Park. The following text and

photographs offer views of KDKA’s current operations from that tour. The working studios and offices in Green Tree
contain numerous displays of KDKA’s
historical photos and documentation
and many of the station’s awards (see
Figs. 44–46). The KDKA transmitter
facility in Allison Park remains in use
today, although the 1939 equipment has
been replaced by modern digital systems. The original transmitter building
still contains much of the now idle 1939
Westinghouse equipment.
When entering the main transmitter building from the front door, one
can view the mammoth Westinghouse
HG50 transmitter, complete with its
original control console, on the entire
left side of the room (see Figs. 47–49).
The transmitter duplicated two other

Fig. 44. KDKA’s Green Tree studios in 2017 showing awards. (Authors’ photo)
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Fig. 45. KDKA’s Green Tree studios in 2017 showing control room. (Authors’ photo)

Fig. 46. KDKA’s Green Tree studios in 2017 showing control room from outside the windows.
(Authors’ photo)
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Fig. 47. KDKA’s 1939 HG50 transmitter showing cut-off switches. (Authors’ photo)

Fig. 48. KDKA’s 1939 HG50 transmitter showing
control panel. (Authors’ photo)
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Fig. 49. KDKA’s 1939 HG50 transmitter showing
rectifier tubes. (Authors’ photo)
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Westinghouse stations from the same
era, WBZ in Boston and KYW in Philadelphia. This transmitter was actually
designed for 100 kW. KDKA’s application for 500 kW, filed in 1936, was
dismissed at Westinghouse’s request
in 1938. KDK A installed replacement Gates MW50 transmitters in the
1970s in the same room on the opposite wall. The Gates MW50 was the
most advanced 50 kW medium wave
transmitter in the world used for AM
broadcasting.
KDKA replaced the Gates MW50
transmitters with three Harris DX50
transmitters in the early 1990s that reside
along the wall adjacent to the HG50s.
The DX50 transmitters hold a reputation

for reliability that stem from their complete solid-state design. The DX50 now
has digital controls that reside on the
same wall. KDKA’s HG50 transmitter
was used for the last time on the night
the Pittsburgh Pirates won the 1979
World Series.
An engineering shop sits behind the
main transmitter room where the transmitter panel sections can be accessed
from their rear entry doors. The original
antenna cut-off connections are visible
above the shop desk (see Fig. 50 and 51).
The basement contains vaults where
the rectifiers and power transformer for
the 1939 transmitter once sat. Today, the
basement is used for storage and contains
interesting relics from the old KDKA,

Fig. 50. Display behind KDKA’s 1939 HG50 transmitter: (l) 4CX35000 tube used in the MW50
transmitter, (r) mica transmitting capacitor, (front) other meters and (sides) induction coils.
(Authors’ photo)
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Fig. 51. The 50 kW antenna feed located above
the bench. (Authors’ photo)

Fig. 52. Basement view of condenser cages.
(Authors’ photo)

Fig. 53. Basement view of Westcox rectifier. (Authors’ photo)
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including stacks of 78 RPM transcription disks and phonograph records from
the 1920s−1940s. The high voltage generators, caged condensers, and air ducting used to cool the transmitter circuits
are all visible (see Figs. 52–54).
Garages on the north and south
sides of the building are used for storage today. A separate building houses
satellite receivers and microwave uplinks
for both KDKA-AM and KDKA-FM as
well as KDKA-TV with microwave links
back to the studios.

The main tower resides in a large
clearing across from the transmitter
building (see Figs. 55 and 56). The current tower dates from 1995, and, like its
1939 predecessor, is sectionalized and is
718 feet tall, approximately equivalent
to a seventy-story building height. The
design was intended to reduce adjacent
channel interference to sister stations
WBZ and WINS. Bases from the 1939
tower can still be seen today. The shortwave towers are located adjacent to the
transmitter building (see Fig. 57).

Fig. 54. Basement view of induction regulator. (Authors’ photo)
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Fig. 55. KDKA’s Allison Park main antenna tower
circa 2017. (Authors’ photo)

Fig. 56. Antenna tower masthead discharger
in display room. (Authors’ photo)

Fig. 57. KDKA’s Allison Park shortwave towers and transmitter building circa 2017. (Authors’ photo)
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APPENDIX 1. Important Firsthand Descriptions of 8XK and KDKA
1920: Likely F. Conrad: “8XK, Pittsburgh, PA” [QST, Sept. 1920, p. 32]

University, (A. W. Shaw Company,
Chicago & New York) 1928, p. 189]

1921: F. Conrad: “Description of Radio
Station 8XK” [Radio Club of America,
Sept. 1921]

1931: R. L. Davis: “Power Equipment
at New KDKA Station” [Transactions
of the AIEE, Vol. 31, No. 3, Sept. 1931,
p. 942]

1922: D. G. Little: “Radio Equipment
at KDKA” [Radio, Sept. 1922, p. 29]
1924: D. G. Little and F. Falknor:
“Radio Station KFKX” [The Electric
Journal, Jan. 1924, p. 25]
1924: D. G. Little: “KDKA: The Radio
Telephone Broadcasting Station of the
Westinghouse Electric and Manufacturing Company at East Pittsburgh,
Pennsylvania” [Proceedings of the IRE,
Vol. 12, No. 3, June 1924, p. 255]
1924: F. Conrad: “Short-wave Radio
Broadcasting” [Proceedings of the IRE,
Vol. 12, No. 6, Dec. 1924, p. 723]
1926: D. G. Little, R. L. Davis:
“KDKA” [Proceedings of the IRE, Vol.
14, No. 4, Aug. 1926, p. 479]
1928: H. P. Davis: “The Early History
of Broadcasting in the United States”
[In The Radio Industry: The Story and
Its Development As Told by Leaders of the
Industry to the Students of the Graduate School of Business Administration
George F. Baker Foundation Harvard

1932: R. L. Davis, V. E. Trouant:
“Westinghouse Radio Station at Saxonburg, Pa.” [Proceedings of the IRE,
Vol. 20, No. 6, June 1932, p. 921]
1938: F. Conrad: “Reminiscences
of Old-Timers−Dr. Frank Conrad”
[Radio-Craft, Mar. 1938, p. 557]
1940: F. Conrad: “The Story of Short
Waves” [Science, Vol. 91, No. 2354,
Feb. 9, 1940, p. 131]
1940: F. Conrad, W. W. Rogers: “The
Story of Conrad and Station KDKA”
(as dictated to H. G. Clark) [George H.
Clark Radioana Collection 1880−1950,
Smithsonian Institution National
Museum of American History, SRM
4 1559, circa 1940]
1951: D. G. Little: “Reminiscences”
[Unpublished, Oral History Collection,
Columbia University, New York, 1951]
1955: D. G. Little: “Dr. Conrad
Founds KDKA” [American Heritage,
Aug. 1955, p. 71]
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APPENDIX 2. Early Westinghouse Network AM Radio Stations
This appendix contains a list of the early
Westinghouse AM network stations, the
years of operation, how Westinghouse
acquired them, and their ultimate disposition. Numerous ownership and licensing transfers were involved. These tables
summarize only the major Westinghouse

network stations for illustrative purposes,
and omit experimental stations such as
8XK, 8ZZ, W8XK. Table 1 lists the initial network stations and Table 2 lists
other network stations before 1940.
(Source: Wikipedia and FCC filings.)

Table 1. Initial network stations.

Table 2. Other network stations before 1940.
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APPENDIX 3. KDKA and Frank Conrad Mile Markers
Photographs of selected mile markers identifying the places where important events

occurred in the life of both KDKA and
Frank Conrad are shown in Figs. 58–61.

Fig. 58. Historical marker celebrating
KDKA: Pioneer short-wave station.
(Courtesy Pennsylvania Historical and
Museum Commission, IEEE)

Fig. 59. Historical marker celebrating
KDKA: Frank Conrad’s garage. (Courtesy
Pennsylvania Historical and Museum
Commission, IEEE)

Fig. 61. Historical plaque celebrating
KDKA: IEEE plaque marking the historical location of radio station KDKA.
(Courtesy Pennsylvania Historical and
Museum Commission, IEEE)
Fig. 60. Historical marker celebrating
KDKA: Radio station KDKA. (Courtesy
Pennsylvania Historical and Museum
Commission, IEEE)
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Zeh Bouck, Radio Adventurer
Part 3: The Pilot Radio South American Sojourn
© 2020 Robert M. Rydzewski
In 1930, Pilot Radio Company of Brooklyn sent their experimental aircraft radio plane,
a “flying laboratory,” on a “good will flight” (GWF) through Latin America, primarily to
publicize their products. Aboard were Pilot’s Director of Radio Aeronautics Zeh Bouck,
pilot Emile “Eddie” Burgin, and the famous navigator Lewis “Lon” Yancey. Part 2 of
this series documented the flight from its hop off in Miami to their final stop in Central
America. Their subsequent marathon journey around the perimeter of most of the South
American continent would be filled with challenges for the radio equipment, the plane,
and, most of all, for the men. Traversing oceans, mountains, desert, and jungles, they
would set new records for long-distance air-to-ground communications, broadcast to
the people of Buenos Aires from the air, meet with U.S. ambassadors, heads of state,
and indigenous Amazon natives; they would be briefly imprisoned, search for a lost flier,
and visit exotic and unique places. They staked their lives on a plane that developed
mechanical problems and could not land on water on a route with few landing areas.
How they survived the journey and the true story of what happened during the flight
are told for the first time herein. Finally, a long overdue tribute
is paid to Zeh Bouck, who overcame serious disability
and related prejudices of his time to become a radio
engineer, writer, and adventurer par excellence.

Introduction
On Sunday, June 8, 1930, a short,
bespectacled man leaning on crutches
watched in the pre-dawn darkness as an
airplane named the Pilot Radio lumbered
down the soggy runway at France Field,
Canal Zone (Panama), and eventually
became airborne, heading south for a
rendezvous with South America on a
marathon flight. This was nominally
meant to spread good will, but more
realistically meant to spread the fame
of its namesake Brooklyn sponsor.1 The
man was Zeh Bouck (see Fig. 1), head

Fig. 1. Zeh Bouck at Pilot Radio headquarters,
circa 1926. Detail from AWA photo for “Birth
of a Receiver” featured on the cover of the
Old Timer’s Bulletin, September 1979. (AWA)
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of Pilot Radio’s aircraft radio efforts. At
the moment, he was probably bemoaning
his fate, being left behind along with the
company’s radio equipment in order to
save weight. The single-engine land plane
would need to travel almost 1,200 miles,
most of it over water, before there was
any place for its wheels to touch down
safely. Ditching at sea or trying for an
emergency landing along the cliffs meant
likely death, as it had for Mexican aviator
Pablo Sidar, whose funeral cortege they
had accompanied a few weeks earlier. The
flight to Talara in Peru (see Fig. 2) would
require every bit of fuel the Pilot Radio
could hold, and all of that weight made
the hop off from the short, muddy runway iffy. Navigator Lon Yancey seemed
to take pleasure in “piling” Bouck and
his equipment out of the plane, leaving
him to take a commercial flight on a
flying boat to rejoin the Pilot Radio later.
Yancey and Bouck had known each
other for some time and were two-thirds
of the trio that made the first successful flight from the U.S. mainland to
Bermuda just a few months earlier on
the same plane, which at that time was
equipped with pontoons.2 Yancey was
famous; Bouck, although well-known
in amateur and early broadcast radio
circles, much less so. Though he appears
mild-mannered in photos and needed
crutches to get around (most likely due
to childhood polio), Zeh Bouck didn’t
get as far as he did by letting others boss
him around. Pilot Burgin had just taken
the plane up nicely, although Yancey
reported the takeoff to be more difficult
than Bouck made it out to be.3 Bouck
couldn’t help thinking that having him
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and the radio equipment aboard wouldn’t
have made any difference. Yancey had
argued that lightening the plane was
necessary for a safe hop off, but Bouck’s
concern was that once in flight, having
no radio communications would be even
more unsafe. Yancey had prevailed.
Rendezvous in Peru
For a while it looked like Bouck’s concern was valid: there was no word on the
whereabouts of the Pilot Radio. “Yancey
and Two Companions are Missing” the
Associated Press reported the next day,
getting the number aboard the plane
wrong.4 “Plane of L. A. Yancey Long
Overdue on South American Good
Will Tour,” announced United Press.5
In fact, when Yancey and Burgin in the
Pilot Radio spotted the western tip of
Ecuador after crossing the Equator in a
hot but uneventful flight, they buzzed
a radio station and dropped a note asking the station to report their plane’s
progress. Someone at the station noticed
the brightly colored plane circling, but
apparently didn’t see the note being
dropped. So instead of a confirmation
of the Pilot Radio’s progress, a “might
have been them” was reported. And when
they finally landed in the oil town and
port of Talara, Peru, after 11 hours in
the air, news of their arrival also failed
to get through. It wasn’t until the next
day, June 10, that anyone else knew they
were safe and sound.
As for Bouck, the flight that was to
carry him south was delayed for more
than a day by bad weather up north,
giving him plenty of time to contemplate
what his position at Pilot Radio might

Rydzewski

be if their flagship flying laboratory was
forever lost in radio silence. But any such
concerns temporarily vanished when he

met an old friend, a Peruvian aviator, and
they enjoyed a night on the town after
which he left his friend in a “beautiful

Fig. 2. Route of the 18,000 mile GWF flown by the Stinson Detroiter monoplane Pilot Radio in
1930. (Author’s collection)
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state of diplomatic immunity” at the
Peruvian embassy.6 Bouck finally caught
his flight south on a Panagra Sikorsky
amphibian on Tuesday, June 10, arriving
in, and then the next morning leaving,
St. Helena, Ecuador. At one point he
gave the radio officer on board a break
and took over his watch.
Although the Pan Am radio system
was described in Part 2, it’s worth noting
that south of Panama things were a bit
different. Pan American Airways didn’t
cross that line; instead their joint venture
with W. R. Grace, called Panagra, flew
along the west coast of South America.
Little is known about their radio communications system in 1930. There is no
mention of contacts with any Panagra
station during the Pilot Radio’s flight.
Their air routes and radio system were
not yet fully in place, and they didn’t fly
passengers any further south than Lima
until August of the following year.7 By
the time they had expanded their routes
a couple of years later, the other “Radio
Adventurer” mentioned in Part 2, Alabaman Donald Croom Beatty, appears
to have played a key role in setting up
their radio system.8
Approaching Talara, Peru, in his
Panagra seaplane, Bouck could “smell
the oil before we landed.” 9 The population consisted of 20,000 men, almost
all employed by the International Petroleum Company, and “18 white women.”
What’s more, he arrived there only to
find the Pilot Radio gone. In another sign
of something less than solidarity, rather
than wait for him, Burgin and Yancey
had flown on to Lima two days earlier
still sans radio and radio operator. Lima
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was, of course, more cosmopolitan and
had a more nearly equal ratio of the sexes,
but it was hardly a paradise. According to
another traveler, “The streets were filled
with beggars. Small lame children held
out emaciated little hands and begged
for pennies. The sun seldom shone in
Lima.…” 10 And the earth often shook.
While there, Yancey (and probably Burgin) met with the American
ambassador, Fred M. Dearing, and the
president of Peru, Augusto Leguía y
Salcedo.11 Because Peru was home to
many aviators, the president expressed
great interest in their flight. Had he only
known it, he would have taken flight
himself: after being in power for more
than a decade, Leguía would be deposed
by the military before the Pilot Radio
had even left South America. This would
be the first in a series of revolutions that
eerily followed in the wake of the Pilot
Radio’s Good Will Flight (GWF). Historians tend to chalk these up to the
effects of the Great Depression rather
than the arrival of their flying laboratory, however.
Meanwhile, Bouck was left to fend
for himself in Talara until the next
Panagra flight left for Lima three days
later.12 This gave him the opportunity
to enjoy the miracle of shortwave radio
and listen to a live, blow-by-blow account
of the heavyweight championship fight
between Max Schmeling and Jack Sharkey, the first in which the championship
was awarded based on a disqualification when Sharkey landed “a low blow.”
Schmeling was, of course, the same German fighter who would go on to tangle
with Joe Louis a few years later.
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Fig. 3. Pilot Emile “Eddie” Burgin and Navigator Lewis “Lon” Yancey, who accompanied Zeh
Bouck on the GWF, but flew the Pilot Radio to Talara, Peru without him. (Author’s collection)

Friday the 13 th of June 1930 was a
lucky day for Bouck. As he circled the
airfield at Lima, there below him was the
Pilot Radio, all aglitter in red and gold.
Nearby he found Yancey and Burgin—
where else?—at the local watering hole
(see Fig. 3). Apparently exhausted by
their recent efforts, they left early, with
the suggestion that Bouck go and see
“the only sight in Lima, a dancer by the
name of Firpo who put on quite a show
at a cabaret called ‘The Greasy Spoon.’” 13
They neglected to tell him that the show
didn’t start until 2 a.m. Bouck left the
Spoon at 11 that night without seeing
anything.

Things Heat Up in Chile
Reunited in their mission at last, on Saturday the Pilot Radio, once again actually
equipped with radio, took off from Lima,
seen off by the American ambassador. Its
destination: Arica, Chile. Twenty minutes into the flight the oil pressure suddenly dropped, forcing the fliers to return
to Lima for repairs. These were relatively
quick, but the resulting one-hour delay,
like the hours lost waiting for Bouck
and his batteries on the Pilot Radio’s earlier Bermuda hop, would end up being
troublesome, burning up precious daylight needed for visual flying. South of
Lima the weather turned hot and the
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landscape turned to desert; their engine’s
oil temperature rose to dangerous levels.
To compensate, they flew out over the
Pacific, where the northerly Humboldt
current blowing counterclockwise along
the western coast of the continent cooled
things down, though at the expense of
fighting headwinds and rain and having to keep far offshore to avoid the
fog, swirling winds, and cliffs. Bouck
contacted the Standard Oil station in
Yacuiba, Bolivia, which he refers to as
CPC in his Radio News account but CPU
in Radio Design.14 One complication was
that the plane’s long trailing antenna
couldn’t be used when flying low over
water; a dip in the ocean was anything
but refreshing for an antenna.
As daylight turned to dusk it became
obvious that they couldn’t reach Arica.
Even if they could avoid crashing into the
terrain in the dark, the Arica airport had
no runway lights or facilities for night
landing. After circling “an indefinite
town by the name of Camana” in the
failing light, “a boy waved us toward a
strip of sand used occasionally by planes
for wont of a better field. So we set her
down.” 15 There, about 120 miles short
of Arica, Bouck, Burgin, and Yancey
headed for the town’s only “hotel” after
hiring a local to watch their plane.
Apparently unfamiliar with the fine
points of plane design, the watchman
kept warm through his vigil by lighting a
bonfire directly beneath one of the wing
fuel tanks. But Fate smiled on the plane
and nothing happened.
In the morning they pushed on to
Arica. The landscape below the plane was
“dry and empty as parts of West Texas”
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according to Major Herbert Dargue,
head of the earlier U.S. Army GWF.16
Originally part of Peru, Arica was lost to
Chile in 1880 in the War of the Pacific.17
Though a peace treaty had finally been
concluded the year before the Pilot Radio
GWF, tensions between the two countries (and Peru’s ally Bolivia, which had
lost its only outlet to the sea) still ran
high. A surprise awaited the crew upon
landing there. Panagra had just assembled their own pilots and planes and was
about to start searching for them. “We
learned that papers had reports of us as
lost,” 18 wrote Yancey.
After taking on gas, oil, and breakfast, the Pilot Radio hopped off for
Antofagasta, “again racing the shadows
of night and picking our way through the
mountains.” 19 They arrived there about
5:50 p.m. after an uneventful flight and
proceeded into town to overnight at the
Grand Londres Hotel. “You will find
most hotels in South America Grand
Something or Another,” wrote Bouck.
“The ‘grand’ is prefixed to impress you
with the palaciousness of the establishment—which would otherwise go
unsuspected.”
Meeting other pilots there, they
heard for the first time the legends of
“the Hump.” This was the Uspallata
Pass above the high Andes which they’d
need to clear in a few days when turning east from Santiago, Chile, to Mendoza, Argentina. It was known as one
of the toughest flights in aviation, “the
granddaddy of them all!” according to
Mary Alice Beatty. “Like a funnel at
both ends, the Pass narrows in places to
a jagged granite-walled gorge less than
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three hundred feet wide,” she explained.
Her husband, Donald, would become
the world’s expert on it a few years
later through searching for a downed
Panagra flight that had carried several
hundred pounds of platinum.20 “It has
everything known in the weather line—
ice, snowstorms lasting for weeks, thin
air, cold air, fog, rain and clouds, plus
terrific turbulence.” Experienced pilots
told the Pilot Radio crew stories of hairraising adventures, mishaps, and disasters there. At least one refused to fly it
ever again. News had just reached them
that two days earlier the famous French
Aeropostale pilot Henri Guillaumet

(pronounced Gee-yo-MAY), a true
pilot’s pilot, was lost flying the Hump
(see Fig. 4).21 Even if he had survived the
presumed crash, alone atop the frozen
spine of the Andes, the odds of him ever
being seen alive again were close to nil.
An Ill-Will Flight?
If it’s true that the Chinese have a curse
that translates as “May you live in interesting times!,” the crew of the Pilot Radio
was about to have an interesting time
indeed going to Santiago, though of
course they didn’t know it. According to
Bouck, they left in the morning but were
forced back after just 15 minutes due to

Fig. 4. French Aeropostale pilot Henri Guillaumet, who was lost flying “the Hump” over the Andes
between Santiago, Chile, and Mendoza, Argentina, in June of 1930. Less than two weeks later
the Pilot Radio was able to make the passage without incident. (Wikipedia: https://en.wikipedia.
org/wiki/Henri_Guillaumet)
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another drop in oil pressure.22 According
to Yancey, who mentions no such problem, their take off was delayed until 9:30
a.m. due to fog (which Bouck doesn’t
mention).23 According to Bouck, they
fought headwinds flying offshore and
started once again to get concerned about
running out of daylight, the bane of long
visual flights. “Suddenly,” wrote Bouck,
“one of the top cylinders started puffing
black smoke and the engine roughened.
The decision to head for shore was unanimous.” Yancey’s account again differs
a bit from Bouck’s. “Suddenly,” wrote
Yancey, “the oil pressure dropped from
60 pounds to 40, and then gradually
down to 10 pounds and at the same time
the oil temperature climbed from 140
degrees to 210. That meant but one thing,
and that was to land immediately.” A
hundred miles short of Santiago, with
“night coming on with terrible swiftness,” pilot Eddie Burgin “picked on a
cow pasture, and slipped the ship to a
perfect landing. We found out later that
in approaching the landing we had glided
directly over the Quinteros airport less
than half a mile away!”
That, it turns out, was no ordinary
airport, but was a Chilean Naval Air station in restricted airspace, as they soon
found out. A party of Chilean naval fliers
approached and surrounded the Pilot
Radio. Neither Bouck’s nor Yancey’s
account at the time hint at any trouble,
and glibly move on to an uneventful evening and their flight the next morning.
But in fact, there was trouble, and plenty
of it. Writing months later back in New
York at a meeting of the Exchange Club,
Yancey admitted, “We were pinched. We
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were famished, no one could talk English, and to make sure we had not come
to start a revolution they locked us up for
a while and put a sentry at the door.” 24
The incident echoed through the U.S.
State Department. On June 24 th, the
U.S. ambassador to Chile, William S.
Culbertson, penned a letter to Secretary
of State Henry L. Stimson (see Fig. 5).25
“With an increasing number of so-called
‘good-will’ aeroplane flights from the
United States to South America, it would
be desirable in the interest of our Latin
American relations to have definite assurances, before permission for these flights
is granted, that proper arrangements have
been made.… I have in mind the flight
of Mr. Yancey.… Although permission
had been obtained for his flight in Chile,
Mr. Yancey apparently had not made

Fig. 5. U.S. Ambassador to Chile, William S.
Culbertson, who wrote of Yancey, “everywhere
he went there were delays and confusion.”
(Author’s collection)
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adequate arrangements along the course
of his flight and wherever he went there
were delays and confusion. His flight
to Santiago culminated by his landing
in the restricted naval zone at Quintero
[sic] and his being summoned to appear
before the Military authorities to explain
why he had not respected the regulation.” The ambassador went on to note:
“When Mr. Yancey called at the Embassy
he stated that he had seen the Chilean

authorities and had stated to them that
he landed in the naval zone because of
poor visibility and that this explanation
had been accepted. Nevertheless the
incident provoked a somewhat critical
statement by the Director of Aviation
which was featured in the press and has, I
believe, created ill-will rather than good.”
He attached the translation of a recent
article from the Santiago newspaper La
Nacion (see Fig. 6).

Fig. 6. Translation of an article about the GWF landing in restricted Chilean airspace from the
Santiago newspaper La Nacion that was forwarded by Ambassador Culbertson to the U.S. State
Department. (National Archives and Records Administration)
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Notably, Yancey made no mention of
the engine trouble he and Bouck wrote
about (if differently) as the reason they
landed near Quinteros. Instead, he only
told the U.S. ambassador and Chilean
director that they were forced down by
oncoming darkness. If engine trouble was
really responsible, it would have taken
much of the blame off of Yancey. Could
it be that it was only a story invented to
cover for a lack of proper planning, for
not having thought through where they
would land that evening? If so, Yancey
had a good reason for not using mechanical problems as an excuse to the director:
Chilean Naval Air personnel were in a
position to tell him firsthand whether or
not the plane really had an engine problem. But not thinking his route through
would be out of character for Yancey,
who was known as a careful navigator
who never left the ground without having his route completely planned out and
charted. Of course, anyone can slip up.
Had too many drinks at Antofagasta
had an effect?
But another intriguing possibility,
perhaps the most likely of all, is that
Yancey had meant to land at Quinteros
all along, either not knowing or just disregarding air space restrictions. Possibly
he believed it would be easier to get forgiveness than permission, as they’d found
in flying to Bermuda without permission
earlier that year.26 In that international
incident they were briefly arrested, then
released, sentenced to a week of partying, and a given cash prize. If that’s what
they’d hoped for again, they would be
sorely disappointed in Chile.
As for Ambassador Culbertson, it was
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much easier for him to criticize Yancey
than to find fault with the real source of
ill will in Chilean-American relations.
On June 17, 1930, the day after the Pilot
Radio landed at Quinteros, President
Hoover, who had visited Santiago just
over a year earlier in a purported show of
American good will, signed the notorious
Smoot-Hawley Tariff Act. The new bill
sizably raised barriers to Chilean exports
to the United States, their major trading
partner, hitting their friends squarely in
the pocketbook.
Were the Chileans paranoid for imagining three Americans in a red-and-gold
single-engine plane could represent a
threat to the nation? Consider this: not
more than two weeks after the Pilot Radio
would leave the South American continent, a Chilean Air Force officer with the
unlikely name of Colonel Marmaduke
Grove returned from exile in Argentina
flying “a little red plane,” intending to
overthrow the government.27 He was
captured and exiled again (this time to
Easter Island) but eventually would come
back to lead a military coup and establish
the Socialist Republic of Chile, which
lasted all of 12 days. When revolution
was in the air, revolutionaries could be
too.
A Mysterious Death in Santiago
As Bouck mentioned, the Pilot Radio
had landed in a cow pasture near Quinteros and would land in others as their
journey progressed. So a word about the
now forgotten dangers of cow pastures
to early aviators is in order. Although
usually free from obstacles like boulders
and trees, they tended to have another
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sort of hazard scattered throughout them
that could be thrown up by the slipstream. This was particularly unpleasant for planes like Lindberg’s (but not
the Pilot Radio), from which the pilot
needed to stick his head out to see exactly
where he was going. After coming to a
stop, there was another problem. Planes
like the Pilot Radio were made of doped
linen stretched over a steel framework. A
peculiarity of cattle was that they seemed
to find the dope sweet tasting and were
prone to chewing off parts of the plane.
If that wasn’t enough, the dope could
later sicken or even kill them, leaving
the hapless pilot with an unflyable plane
to face an angry farmer with dead cows.
Spending the night at the plane, presumably after release from their brief
imprisonment, Bouck said he gave the
cows “a serious lecture on the terrors of
indigestion” and turned in.28 It apparently worked: the plane was still intact

in the morning. Soon after daybreak,
they backtracked over to the Quinteros
Naval Air station (likely escorted or at
least observed) for fuel and/or oil and/or
repairs. While this was going on, Bouck
decided to test out their emergency communications. He ran a makeshift antenna
from the plane to the top of a nearby car,
and with his 50 watt transmitter and
modified Pilot Super Wasp regenerative
receiver, he was able to contact CPC in
Bolivia, about 1,200 miles away across
the Andes—not a bad achievement even
with today’s transceivers. Could he have
been asking them to relay a request for
help to the American embassy? Whatever
the message, it interested Chilean Navy
personnel, several of whom were radio
operators, and “delayed our departure
long enough to explain some of the high
spots of aircraft radio.” At last they were
able to leave, and an hour later they were
in Santiago (see Fig. 7).

Fig. 7. Arrival of the Pilot Radio in Santiago Chile. From right to left in front
of plane: Zeh Bouck, Lewis Yancey, and Emil Burgin. (Radio News, February
1931, p. 698)
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The Los Cerillos airfield was “a cold,
windy, barren spot, filled with smooth,
round, black rocks brought down by the
glacier, and it was completely encircled
by a wall of giant Andean peaks that
formed an impenetrable ice-hard fortress
around it.” 29 More than one visitor noted
its strange beauty. “I stood, so small,”
wrote Mary Alice Beatty, “in so large
a someplace that had been and always
would be, a land of forever.” Bouck,
Burgin, and Yancey would end up staying there or nearby in Santiago for over
a week, but not to take in the scenery.
According to Yancey, they needed the
time to “rest up.” 30 According to Bouck
they needed repairs to the tail wheel
assembly, which had been broken in
taxiing across the field. He invoked the
“mañana” attitude of locals to getting
that work done. More likely, though,
most of the delay could be traced to their
unwelcomed arrival at Quinteros. During their time in Santiago, Yancey got to
explain to the Chilean government why
he had violated international regulations
(and possibly why the Pilot Radio should
not be impounded) and then to repeat his
explanation to Ambassador Culbertson.
While there, Bouck decided to go
for another distance (DX) record and
attempt to communicate with WHD
in New York, over 3,000 miles away.
This would allow him to transmit the
latest installment of Yancey’s story of
the trip for which the New York Times
was paying him, for which Bouck and
Burgin believed they’d each be getting
one-third based on an agreement they’d
made before the flight. “Diplomatic considerations,” noted Bouck, “complicated
96

The AWA Review

the matter,” so that “it was only with
the presence of an armed guard, an
interpreter, a Chilean operator, and a
monitoring station that we were permitted to work.” He again ran out an
emergency antenna, and waited until
evening for the necessary militia to show
up. A photograph in Radio News documents the small spectacle (see Fig. 8).
The caption places the photo at Los
Cerillos (Santiago airport) noting that
the plane is surrounded by the Chilean army, although the same photo in
Radio Design says it was taken in Buenos
Aires! 31 The former seems to be correct.
Finally, Bouck tapped out WHD WHD
WHD WHD WHD DE W2XBQ. Back
came “the familiar five-hundred-cycle
whistle of the New York Times… sweet
and clear.” 32 Communications over several nights were so good that only one
word needed to be repeated, that being
in a Spanish message from the commandant of the field to the military attaché
at the Chilean embassy in Washington
(another bit of fallout from their international imbroglio).
But something else had happened
while they were in Santiago as well. As
we’ll see later, there were a number of
interesting unpublicized aspects of the
Pilot Radio flight, not all of which can
be clarified almost 90 years later and a
continent away and with all of the participants dead and buried. Of all these
mysteries, the deepest is contained in
a single sentence Bouck wrote in the
very first paragraph of his account of
the GWF: “As for the writer, in charge
of communications, we refer the really
interested reader to the police records
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Fig. 8. The Pilot Radio at Las Cerillos, Chile preparing to communicate with New York Times station
WHD in the presence of members of the Chilean Armed Forces. Bouck can be seen peering out
of the plane. (Radio News, February 1931, p. 700)

at Santiago de Chile, in which thriving
community we were unfortunate enough
to become involved in the accidental killing of a native son.” 33 He never refers to
this again anywhere. Not a word. What
happened? Had he been behind the wheel
of a car or the plane—although having
a disability, Bouck was supposedly able
to pilot both—that was in an accident?
Might this have been the reason they
stayed in Santiago so long? Sadly, lacking
access to those Santiago police archives,
we’ll likely never know. We can only say
that their visit to Chile was probably the
second-most difficult leg of their long
voyage. (For the most difficult, read on.)

Over ‘The Hump’ and On
to Buenos Aires
Finally, on June 26, 1930, it was time
for the Pilot Radio to turn east. “Goodby, Pacific,” wrote Bouck. “Good-by
the west coast. We flew the whole three
thousand miles of you and twenty-nine
hundred of them over water in a land
plane!” 34 Although no doubt glad to
be leaving Chile, the crew might have
anticipated an “out of the frying pan,
into the fire” situation ahead of them as
they approached the notorious Uspallata
Pass over the Andes, where Aeropostale
pilot Guillaumet had been lost less than a
week before. In preparation, Yancey had
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received some advice on the best flight
route from Panagra pilots who knew it
well, and he spent a few hours going over
his charts with Captain Ralph Wooten,
the U.S. military attaché at the American embassy in Santiago, an Army Air
flier who had made some daring South
American flights himself and would go
on to achieve the rank of major general.35
Explained Bouck, “it is dangerous
to fly through it at less than sixteen
thousand feet, due to the bumps which
may drop you twenty-five hundred feet
in five seconds! We passed through the
southern pass at seventeen thousand feet,
over the most incredible heaps of desolate
grandeur I shall ever see.” 36 One issue at
those majestic heights (about half as high
as commercial jets cruise today) is that of
oxygen. Unlike modern planes, the Pilot
Radio didn’t have a pressurized cabin.
Modern-day Federal Aviation Administration (FAA) rules call for supplemental

oxygen use if pilots fly above 12,500 feet
for more than 30 minutes and for passenger use continuously if flying above
15,000 feet.37 When Panagra began ferrying passengers over the Hump a few
years after the Pilot Radio flight, each
one was given a rubber hose (“that had
probably never been washed,” according
to Mary Alice Beatty),38 connected to
an oxygen supply and told to suck on it
to help with breathing. It may not have
been very sanitary, but it kept them from
passing out (or, euphemistically, “sleeping”). Neither Bouck nor Yancey said
anything about using oxygen in their
accounts, so whether they used a similar
system or not is another of those small
mysteries.
As they flew through the pass, Mt.
Aconcagua towered at their side at nearly
23,000 feet, the highest peak in the
Western Hemisphere (see Fig. 9). Just
off to the side stood the statue of Christ

Fig. 9. At 22,837 feet, the highest peak in the Western Hemisphere stands guard over the transAndean pass known as “the Hump,” which the Pilot Radio traversed on June 26, 1930. (Wikipedia:
https://commons.wikimedia.org/wiki/File:Aconcagua2016.jpg)
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the Redeemer of the Andes: at 12,500 the Argentine side. Here the warm air
feet, a commemoration of peace between from the Pampas eddied with the cold
Chile and Argentina. Did they keep an winds of Los Andes, and we were tossed
eye out for the lost flier Guillaumet?
around. But nothing unusual.” SurprisThere was no need to. On June 21, ingly, their traverse of “the toughest flight
while they were still in Santiago, word in aviation” proved almost uneventful,
got out that, remarkably, “Guillaumet est which bothered them not at all.
vivant!” (Guillaumet is alive!) Flying the
Relieved, they landed in scenic MenHump above a snowstorm, just the type doza, then as now the heart of Argenof sudden downdraft Bouck wrote about, tina’s wine country and possibly where
had caused his plane to plummet into the Guillaumet was recovering at the time.
clouds and snow. With poor visibility he Unfortunately, they didn’t stay long
circled a familiar lake to avoid crashing enough to visit or even enjoy a single
into invisible terrain… until he ran out glass of Malbec, but only gassed up and
of fuel. Landing where there was no place took off again for Buenos Aires, some
to land, the plane flipped over. Drag- 700 miles distant. Headwinds slowed
ging himself out of it, he built a shelter their progress enough that, having sworn
out of mail sacks and stayed there until off twilight flying and unauthorized
the storm passed. There followed five landings at military bases, they decided
days of walking, of which Guillaumet to put in at Villa Mercedes, just under
said: “I swear that what I went through, halfway there. Bouck, as usual, invokno animal would have gone through.” 39 ing the royal “we” rather than includAt one point, exhausted and tumbled ing his companions, described the Villa
face down in the snow, only one thing Mercedes airport as “one of the most
kept him from giving in to the urge to beautiful airports we have ever seen.” 41
sleep—for all time. It wasn’t fear of his By 3 p.m. the next day, June 27th, they
own death, but that of leaving his wife had arrived in the sprawling metropolis
penniless: if his body wasn’t found, by of Buenos Aires, Argentina (see Fig. 10).
law she could not collect on
his insurance for four years.
Somehow, he stumbled on
and was found by a shepherdess tending her flock near the
remote Argentinian town of
Pareditas.40
The Fates were much kinder
to the Pilot Radio, as it crossed
the Andes, however. According
to Bouck “we did not strike a Fig. 10. The Pilot Radio and its crew in Buenos Aires, Argenbump, until, with the motor tina. Left to right: Emil Burgin, unknown, Lewis Yancey,
cut, we were sliding down Zeh Bouck, unknown. (Radio News, March 1931, p. 830)
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Phone Calls from Sin City
Buenos Aires, or “B.A.” was a city of
“palatial homes, luxurious clubs, and
sudden wealth.” 42 The gateway to the
breadbasket of South America, it also
sported a reputation. Long before Las
Vegas was even a gleam in Bugsy Siegel’s
eye, it was the kind of a place where what
happened in Buenos Aires stayed in Buenos Aires. “There were night clubs and
casinos filled with beautiful and willing
Senoritas,” wrote Mary Alice Beatty, who
feared for her husband there.43 Bouck
lampooned the half-hearted, ineffectual
efforts to regulate vice in Buenos Aires.
“Once,” he wrote, “the city decided that
all girls in the cabarets must be professional entertainers. Happy to comply
with the law, the girls immediately
dubbed themselves ‘artistes.’ Then the
law, deciding that the loophole was
entirely too obvious, declared that no
women would be permitted in the cabarets unless they were hired musicians.
This stumped them—but not for long. I
know a cabaret in La Boca where twenty
beautiful girls play industriously upon
twenty violins. They play apparently by
ear, for their eyes and smiles wander constantly among the clientele. The music is
somewhat thin—but this may be because
only three of the violins have strings.” 44
Bouck’s bemused, winking attitude
was typical of men of his day, but ignored
a very ugly reality: he was seeing firsthand the worldwide headquarters of the
“white slave trade.” Today we would call
it sex trafficking. In a large-scale operation, impoverished women from Europe
(many of them underage) were lured into
lives of prostitution in South America
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where they would be bought, sold, and
traded like livestock.45 The less profitable
ones would be sent to more remote places
like Mendoza and even Colon, where
the demand was higher and the supply
smaller. It was anything but funny.
The Pilot Radio and its crew would
remain in Buenos Aires for more than a
month. Too late for the Radio Exhibition, which had taken place the previous month, they found other ways to
draw attention to their sponsor while
there: namely, the “telephone relay
experiments” or just “radio tests.” These
involved the International Telephone
& Telegraph (IT&T) facilities, and it’s
quite possible they had been arranged in
advance through Pilot Radio President
Isidor Goldberg’s half-brother, Emmanuel, Pilot’s general export manager who
the fliers were originally supposed to
meet in B.A.46 The plane had been
given the Argentinian callsign LU4S.
The purpose of the “experiments” was to
show that through the miracle of radio
it would nowadays (in 1930) be possible
for a passenger in flight to carry on a telephone conversation with someone half a
world away on the ground or even at sea
with (presumably) sound quality so good
that it would be hard to tell it wasn’t an
ordinary local call. Although this would
represent a miniscule market only for the
very rich, it got a lot of press as a kind of
gee-whiz technological wonder. Today
we all take for granted that a simple cell
phone call can connect us with almost
anyone anywhere, but such a thing was
far beyond the horizon in 1930. As
Paul Hawkins pointed out in his book
Point to Point: A History of International
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Communications During the Radio Years,
the very first international shortwave
radiotelephone service (London to New
York) had been initiated only two years
earlier.47 It would be another five years
before the first around the world phone
call would be placed. This explains the
large amount of press coverage the Pilot
Radio calls gleaned, although little or no
credit for this miracle was given to the
Pilot Radio Company.
In practice, calls from the Pilot Radio
to distant lands weren’t terribly different
from regular long-distance international
calls from the ground in Buenos Aires
via the IT&T facilities (see Fig. 11). Such
New York-bound telephone calls would
come through a central switchboard
at Cuyo, Argentina, and transmissions
would be forwarded by wire to their giant
Hurlingham, Argentina, shortwave transmitter which directionally beamed signals
northwest to New York (LSN) to the
AT&T shortwave receiver at Netcong,
New Jersey (see Fig. 12). From Netcong,
the voice would go by ordinary phone line
to New York City. The New York voice
replying would go out through AT&T’s
Lawrenceville, New Jersey, shortwave
facility, the beam would be received at
the IT&T Platinos receiving station and
from there it would be sent to Cuyo by
wire. So the heavy lifting was really done
by IT&T and AT&T, which handled the
long-distance transmission and reception.
In addition, the Hurlingham transmitter
had a second beam, LSF, aimed northeast
to Madrid, thereby connecting South
America with Europe.
The Pilot Radio linked with IT&T by
transmitting voice on 32 meters (~9,375

kHz) to Platinos, the signal then being
forwarded to Cuyo, Hurlingham, and
abroad. The long-distance reception from
the United States would be picked up
in Platinos, forwarded through Cuyo

Fig. 11. Shortwave receiver used at IT&T’s Platinos, Argentina, receiving station in 1930. An
identical receiver was apparently used at the
other end of the South America–North America
telephone link, AT&T’s Netcong, New Jersey
station. (Radio Design, Fall 1930, p. 43; Manual
of Short Wave Radio, Zeh Bouck, ed., p. 6)
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Fig. 12. Schematic illustration of the HF linkage between the Pilot Radio in flight over Buenos
Aires, Argentina, and a telephone set in New York. South American links in the chain include
Cuyos, Platinos, and Hurlingham, Argentina, while North American facilities were at Netcong
and Lawrenceville, New Jersey. (Author’s collection)

to Hurlingham, and then retransmitted to the Pilot Radio at 14−15 meters
(20−21.4 MHz) via the backwave of their
Madrid beam transmitter as the plane
circled the area. As expected, directional
effects in receiving the LSF signal, which
wasn’t built to transmit in that direction, were noted: when flying low, the
signal would be partly shielded by the
other (LSN) transmitter.48 As the plane
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circled, directional effects from the trailing wire antenna were also apparent (see
Fig. 13). Perhaps the real wonder was
that any conversation could still be intelligible after such a complicated matrix of
cables and shortwaves. By all accounts
the fidelity was remarkable, but then
again, people used to say that their horn
speakers fed by ‘01A tubes gave music
indistinguishable from live concerts! At
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Fig. 13. The 30 meter directional HF receiving antenna at Platinos, Argentina, in 1930. (Radio
News, March 1931, p. 788)

any rate, since this process tied up all of
IT&T’s Buenos Aires facilities for several hours, it wasn’t cheap. Bouck estimated it would cost about $5,000 for
each such test (about $75,000 today),49
which means that both IT&T and Pilot
Radio must have planned to milk some
serious publicity value from the exercise.
Since the plane had transmitted
Morse code (CW) only, Bouck needed to
construct an aerial phone transmitter.50
He built one that used Heising amplitude
modulation and two UX-211 tubes in a
unit suspended from the plane’s frame
by bands of rubber cut from a tire’s inner
tube to minimize vibration effects. A
then-standard two-button microphone
was suspended from springs mounted

in a tobacco can and equipped with a
cardboard speaking tube. Using this
improvised system that the Radio Boys
might have whipped up, he then prepared to talk to the far side of the Earth.
A couple of modifications to the plane
were also required. More batteries—for
a total of 500 pounds of lead and acid
crash hazards—were added to keep the
power supplies separate, and an additional antenna was strung from wingtips
to the plane’s tail for transmitting.
On July 1 st, the Pilot Radio was able
to contact WHD in New York by CW
from the ground, another record distance.51 Later that week they took the
plane up and had a longer, clearer CW
conversation with WHD which was cut
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short when the motor “conked,” forcing yet another emergency landing.52
Ironically, this happened just as they
started sending a congratulatory message
to Yancey’s old partner and rival, Roger
Williams, who had just completed the
second flight from the U.S. mainland to
Bermuda (the Pilot Radio having done
the first).53 Two weeks later, the plane,
its new transmitter, and IT&T were all
ready to go. Nearly a mile above B.A.,
Yancey and then Bouck spoke with Fred
Meinholtz, station manager at WHD in
New York. “The conversations were free
of static and no fading was observed,
although the distance was 5,838 miles,”
wrote the Times.54 After that, each of
the crew members put through a call
to his wife.
Far away in New Jersey, 10-yearold Carolyn Tantum was visiting her
aunt. “I answered the phone and heard
the long-distance operator say, ‘I have
an overseas call for Clara Burgin,’” she
recalled many years later. “Well, I went
tearing out the door to get Aunt Clara
and I was so excited to find out who the
call was from. When she picked up the
phone, she just listened and smiled while
tears started falling down her cheeks. I
couldn’t understand why she was not
saying anything and who she was talking
to. Well, they talked for eight minutes…
It was the ‘longest’ phone call in New
Egypt.” 55
Other, less touching calls followed,
including one to Pilot Radio President
Isidor Goldberg at the company’s new
Lawrence, Massachusetts, facility.56
The success of these “experiments” even
made it into the pages of Time magazine,
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which, mentioned Yancey and Bouck,
but again failed to mention Pilot Radio.57
Had their radio enabled the first longdistance call to Mars, no doubt the credit
would still have gone to Yancey.
A Radio Technician?
On July 20, the editor of the San Francisco Examiner, F. W. Gray, took a chance
and phoned the Pilot Radio, his motivation being that the editor of the Los
Angeles Examiner had recently spoken
to a plane in Rome (but “using special
equipment”).58 “Yesterday, rubbing the
Aladdin’s lamp of modern science, the
genii of telephonic communications
annihilated time and space and brought
to me the voice of a man nearly 8,000
miles away,” he wrote, in one of a whole
series of articles splayed over the front
and following pages. This six minute
conversation took “just” 23 minutes
to put through, and “not a single word
needed to be repeated.” Playing up the
local (California) angle, it was noted that
Chicagoan Yancey began his career in
San Francisco after running away from
home, and that his plane, called the Pilot
[sic] had been equipped with radio by
Archie M. Stevens of IT&T, a graduate
of Stanford.59 Yancey was given credit
for his earlier flight to Rome and for
the first flight from the United States to
Bermuda, “with William H. Alexander
and Zeh Brouck [sic].” Neither Bouck nor
Pilot Radio got any additional mention.
“Who in addition to yourself are in the
plane?” asked Gray. “I have a pilot and
a radio technician,” Yancey replied. One
can only imagine what Bouck thought,
hearing this.
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In another day or two Hollywood
got in on the long-distance act, appropriately via smoke and mirrors. An MGM
agent put in a call to heartthrob Ramon
Novarro from aboard the Pilot Radio,
or so Bouck said at the time.60 A few
years later, he confessed that this was not
exactly the way it happened. The night
before the call, for Bouck “all the ron
calientes in the Grande Hotel Jousten…
couldn’t keep away the flu.” Or maybe
they caused a different sort of “flu”? In
any case, “the following morning found
us intimately concerned with our temperature at 104 degrees F, and not the
least bit interested in Ramon Navarro
[sic]…” Unfortunately, “there was no one
else who could operate the rig, and about
five thousand dollars’ worth of time had
been tied up—not to mention the possible inconvenience to Ramon. So we told
them how to run the stunt—and it went
off very well… As we recall it now, the
Examiner carried the story, telling how
excellent the speech was despite the roar
of the motor in the background, and even
mentioned a momentary motor failure.
So what? You can’t expect a piece of cardboard to hold up forever against a twelve
inch fan turning at over 1,800 rpm.” 61
In late July, a call was put through
to IT&T in Madrid, for real.62 A few
days after that Yancey carried out a
conversation with the captain of the
liner Majestic, located a day’s sail from
Southampton, though what they had
to talk about wasn’t recorded. For that
call the signal from Madrid was sent by
wire and undersea cable to London, then
retransmitted to the ship. The Pilot Radio
presumably received via the backwave

of the IT&T New York beam.63 The
crowning achievement of their tests was a
conversation from the Pilot Radio to the
postmaster general of Sydney, Australia
via a similar route (with the longest leg
beamed from Rugby, England, to Sydney) for a total path length of over 14,000
miles.64 There must have been easier ways
to check on postal rates.
On July 25, 1930, a speech from the
Pilot Radio was broadcast to the people
of Buenos Aires over a local radio station.65 What was said, or who said it, or
even what language it was said in aren’t
known. Whatever it was, it would serve
as their swan song: the following Tuesday
the fliers would finally depart B.A. after
nearly a month. In their phone conversations, they’d announced plans to depart
and be back in New York in just a few
weeks via Rio de Janeiro, French Guiana,
and Panama. After that Yancey would
prepare for a flight to Moscow by way of
London “following a ‘radio beam’ from
New York to London and experimenting
in radio control of his plane from land
stations.” 66 No details of this fascinating
proposal were given. In the end, though,
none of this would come to pass; in the
words of poet Robert Burns, “The best
laid schemes o’ mice an’ men gang / aft
a-gley.” 67 And a-gley they went!
The Sticking Valve Jungle Blues
The previous evening, IT&T had
arranged a farewell banquet for the
crew. “It ran into many courses, and far
into the night, champagne being served
twice—or was it three times—with each
course.” 68 With little time for sleep or
detoxification, the fliers took off. Only
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afterward, as the Pilot Radio baked in
the sunshine above the pampas did they
realize that there was no water on board.
They reached their intermediate destination, the Aeropostale field in Porto
Alegre, Brazil, after a full day of flying
only to find that there was no water there
either. Immediately upon checking into
another Grande hotel, they ordered ice
water. The next morning, they were
thoroughly soaked—by the bill for $160
(about $2,500 today)! They refused to
pay, leaving it to the American embassy
to settle the matter—likely another strike
against them by State Department standards. Leaving Porto Alegre, they flew
on to Florianopolis, stopping only to gas
up. Passing over Sao Paulo, they landed
at Rio de Janeiro at 5 p.m. (see Fig. 14).

Descriptions of Rio are apt to exhaust
the English language’s supply of superlatives, and, as this writer can personally
attest to, justifiably so (see Fig. 15). “The
loveliest place in the world,” “as beautiful
as the Mediterranean shores,” “favored
by nature above all others, Rio possesses
the most beautiful site in the world suitable for a great city.” 69 Cariocas, as Rio’s
residents are called,70 would not be outdone by Argentinians (or anyone else)
when it came to partying, making it an
ideal place for the crew to visit. On the
other hand, Sao Paulo, about 250 miles
southwest of Rio and over which the
Pilot Radio had flown in coming to Rio,
was more industrial, “the Chicago of
Brazil,” with railroads radiating in every
direction.71 This mattered because shortly

Fig. 14. Pilot Burgin, Navigator Yancey, and Radioman Bouck in Rio de Janeiro, where they were
“hot, tired and dirty, but happy.” (Radio Design, Fall 1930, p. 12)
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Fig. 15. View of the Urca neighborhood in Rio de Janeiro, with Mt. Corcovado in the distance.
(From an early glass slide, Collection of Jairo Casoy)

after arriving in Rio, a “council of war”
(in Bouck’s words) was called, and it was
decided that the Pilot Radio’s Wright J-6
engine, having logged 170 hours of flying
time, really needed an overhaul before
attempting the next and most hazardous leg of their journey home. The best
place to do that would be in Sao Paulo
(see Fig. 16).
Burgin flew the plane back there,
while Bouck and Yancey stayed in Rio.72
By this point in the trip, neither Bouck
nor Yancey mentioned the other if at
all possible. Yancey cabled the United
States for replacement parts, including
a new set of valve guides. Weeks went
by before the parts arrived, and the valve
guides never did. This was maddening,
as the crew was eager to get home, and

they were rapidly approaching the peak
of the hurricane season in the Caribbean, which they’d need to traverse. Even
with the best navigation and flying, the
Pilot Radio would be no match for what
Mother Nature could throw at her.
During his time in Rio, a hotspot
of the South American market for Pilot
Radio products (see Fig. 17), Bouck did
a broadcast from a local station.73 The
studio was on the top floor of a four story
building otherwise dedicated to plumbing supplies, with “a series of mezzanines
or balconies, each one loaded with bathtubs, sinks, and what have you.” 74 Some
of them were hooked up to water lines,
but the faucets and the water supply
were both turned off at night. “Several
members of our party made the rounds,”
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Fig. 16. View of the Municipal Theatre in Sao Paulo, Brazil about 1930. (Collection of Jairo Casoy)

Fig. 17. Brazilian advertisement for the Pilot Super Wasp, which touts its absence of noise and
capacitive effects, perfect reception stability, ease of assembly, and low price. (Antenna, January
1930, courtesy of Carlos Alberto Fazano)

wrote Bouck years later, describing what
sounds like an adolescent prank, “and
surreptitiously turned on every faucet in
the place, in which condition we saw to it
that they remained upon our departure.”
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More importantly, after giving up on
the valve guides for the Pilot Radio ever
arriving from the States, the decision
was made to machine a new set in Sao
Paulo: “Unfortunately these were made
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to insufficient clearances, with ultimate
grief of almost tragic proportions.”75 Just
as the plane was about to take off from
Sao Paulo, one of the valves stuck and
the engine had to be further run in. The
next day Bouck, at the Campo Alphonse
airfield in Rio, was initially thrilled to
hear the drone of the Pilot Radio as it
approached, but had a different reaction a
few minutes later when he saw it “losing
altitude and obviously in trouble.” The
number 8 cylinder (of the 9) was missing
again due to a sticking valve. On Monday, September 1, 1930, after another day
of run-in on the ground, they hopped off
for their next stop, Salvador, Bahia, with
Bouck already picturing “the cheering
throng at Roosevelt field” just beyond
the horizon.
A much smaller and different crowd
was in their immediate future. After just
two hours in the air a valve stuck again,
leading to another emergency landing.
Eddie put the plane down nicely in a jungle clearing. They were “almost instantly
surrounded by a crowd of ferocious looking natives that made up in machetes
what they lacked in teeth.” Yancey and
Burgin, armed with wrenches only—one
wonders if the guns they brought had
long ago been confiscated—did some
quick repairs and they were off again.
They took off “through the mass of Brazilian humanity that parted respectfully
on each side of our whirling prop like
the waters of the Red Sea about the
Israelites,” in Bouck’s words, unaware
that his analogy had turned Yancey into
Moses. An hour later they landed at the
Aeropostale field in Vittoria. When they
tried to hop off from there, the valve

stuck again. Giving it one more go, they
then made their way north to the Aeropostale field at Caravelas just as the sun
was touching the horizon. They “spent
the night at a tiny hotel kept by a bird
fancier, lulled to sleep at eight o’clock
by the warbling of a hundred different
species.” 76 A photo taken around this
time shows many of the cities they had
visited written on the side of the plane,
and a bit of exhaustion in the flier’s smiles
(see Fig. 18).
They left before dawn next morning.
Concerned about having enough gas,
they decided to take a shortcut by flying over water rather than land, an iffy
proposition with a suspect engine. They
were lucky, reaching Salvador and then
running out of fuel just as they taxied to
the hangar. A delayed start the following morning meant that they couldn’t
reach the next scheduled stop, Natal,
before dark. So the Pilot Radio put in
at the port city of Recife (Pernambuco)
instead. Not a bad place to stay, it was
sometimes called the Brazilian Venice.77
But they had little time to admire the
scenery even though their early morning start the following day was delayed
by another motor problem, this time a
spark plug. Their return journey from
B.A. had been and would continue to be
plagued by mechanical problems. When
they finally arrived at Natal, located at
the easternmost corner of the continent
and already full of landing fields to take
advantage of its position as a hopping
off point for Africa and Europe, they
exited the plane only to find that the tail
wheel assembly was completely wrecked.
Bouck’s high school French turned out
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Fig. 18. One of the last photographs of the Pilot Radio. The names of some of the cities visited
are shown on the side of the plane. (Radio Design, Vol. 3, No. 4, 1931, p. 31)

to be good enough to communicate with
Aeropostale personnel, and gratifyingly
the necessary welding could be done
right away.
From now on it would be a more-orless straight shot northwest to get back to
Miami, but the nature of their trip had
changed. Up until they left Buenos Aires
there had been almost constant contact
with WHD in New York, exciting new
communications records, Yancey’s regular reports to the New York Times, and a
lot of other press coverage. Since then,
outside communications had slowed to a
trickle, and although they were landing
at Aeropostale fields on the east coast
of the continent, Bouck says nothing
about radio contact with those stations.
Propagation conditions can be touchand-go in the tropics, and/or Bouck’s
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French might not really have been good
enough to communicate. But regardless
of the cause, the focus was no longer on
communications; it was now all about
getting home, if they could get home.
Yancey and the Search
for the Indian God
Although the trip from Natal back to
North America looks simple on the map,
in reality it had always been considered
the most hazardous part of their journey.
Particularly in the stretch along the enormous mouth of the Amazon northwest
of Belem, jungles and tidal swamps were
thought to allow few places for emergency landings, which the Pilot Radio
now seemed in regular need of. Although
the New York, Rio, and Buenos Aires
Airlines (later part of Panagra) had
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regular flights along this route, all were
over the Atlantic via seaplane. According to the papers, the last land plane to
attempt to traverse this stretch of the
continent was the ill-fated bid to outdo
Lindbergh by flying solo from Georgia
to Rio (in the opposite direction the Pilot
Radio was going) by American flier Paul
H. Redfern in 1927 (see Fig. 19).78 Like
the Pilot Radio, his plane had been a
Stinson Detroiter powered by a Wright
engine. He was last spotted over northeastern Venezuela trailing black smoke,
and many believed that his plane went
down in French Guiana. No fewer than
13 expeditions would eventually be organized to find him, all of them unsuccessful, and rumors that he was alive and
either a captive of the Amazon Indians
or had been made their god—or perhaps
both—would persist for decades, becoming almost mythical.79 Yancey promised
to investigate an earlier pilot’s report of
a plane spotted nose down in the jungle
that might have been Redfern’s, though
in reality this amounted to little more
than keeping an eye out for plane wrecks
as they sped homeward at a slightly lower
altitude. On the remote chance that they
would actually spot it, it would make for
yet more credit to Yancey.
Friday, September 5, found the fliers
bound for their next touchdown near
Belem on the Amazon delta. Seven hours
into the flight the motor conked—surprise!—due a sticking valve. Despite the
bad reputation the area had gotten from
aviators, it was their luck to find that
this was instead “the most consistent
stretch of populated and excellent flying country we had looked down upon

Fig. 19. Young aviator Paul Redfern was lost in
1927 while attempting to make a record nonstop solo flight from Georgia to Rio de Janeiro.
His plane was believed to have gone down in
French Guiana, but the story that he was still
alive persisted, and Yancey promised to keep
his eye out for signs of the plane wreck. (Redfern Collection courtesy of the South Carolina
Historic Aviation Foundation)

since leaving the Argentine pampas.” 80
They landed in a field “any airport might
envy as a runway” and were soon surrounded by the local populace, natives
“of a wilder variety” than the last group.
Again, there was menace but no hostilities and the Pilot Radio soon ascended,
shortly thereafter landing at a waiting
cattle ranch on Marajó Island some 60
miles from Belem.81 Again they found
the tail wheel had bent; they straightened
it “after a fashion” at four in the morning.
Still more problems appeared: unable to
locate their supply of spare spark plugs,
they’d been forced to replace a bad one
earlier on with whatever kind they could
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get. The replacement had since “gone
haywire.” Now 60 miles from the nearest city and concerned about hurricane
season, they decided to just leave the bad
one in. Problem number three was a leaking gas tank that had piddled away most
of the gas on the starboard side, “with
the possibility of a bad bump throwing
her into a left-hand spin.”82 One wonders
if Yancey asked Bouck to take a seat on
the starboard wing.
With a mechanically challenged
plane, they hopped off for their next
stop, about 500 miles away.83 This would
bring them over the area where the wreck
of Redfern’s plane had supposedly been
sighted, but they would see nothing of it.
At this point the Pilot Radio crew must
have been the only ones ever looking forward to arriving at Cayenne, aka Devil’s
Island, the penal colony in French Guiana, though, of course, they didn’t intend

to stay. Normally flights were forbidden
in the area,84 as were photographs should
any outsiders manage to get there, but
apparently special permission to fly over
and land there had been obtained for
them by the State Department. Burgin,
as he had so many times, proved his skill
in making the tricky landing on “a strip
of grass 50 feet wide, swept consistently
by a cross wind,” and the plane came
through with only a once-again-bent tail
wheel assembly. A naval officer serving
a life sentence for murdering his wife
and her lover helped with the repairs,
even without the incentive of time off
for good behavior. Devil’s Island could
accommodate many guests—and for
long periods of time!— but Bouck, Burgin, and Yancey decided to spend the
night at its hospital, presided over by
nuns, rather than in the usual facilities
(see Fig. 20).85

Fig. 20. Some of the accommodations at the French penal colony of Devil’s Island that Bouck, Burgin,
and Yancey managed to avoid during their brief stop there. (Getty Images ~ https://www.istockphoto
.com/photo/abandoned-prison-in-salvations-islands-french-guiana-gm915148048-251864085)
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Endgame
The Pilot Radio and its crew were
now just over 2,000 miles southeast
of Miami, and that meant that their
long journey was almost 90% complete. They’d flown over deserts, ocean,
jungles, and the highest mountains in
the Americas. They had set new longdistance communication records with
nothing more technologically advanced
than a 50 watt tube transmitter and a
regenerative receiver. They had garnered
lots of publicity (though all of it went
to Yancey). They had been feted, threatened, hailed and (briefly) jailed, but so
far had suffered no serious illnesses or
injuries unless you count hurt feelings.
By any standard, that constituted a
remarkable performance. Now all they
needed to do was get back home and
prepare for the tickertape parade down
Broadway followed by an interminable
series of banquet dinners, photo opportunities, press interviews, and broadcasts. Or so it must have seemed to the
three intrepid fliers in early September
of 1930.
But getting home wasn’t going to be
easy. With a valve that seemed to stick
about once every eight hours, a leaky fuel
tank, a bad spark plug, a breakaway tail
wheel assembly, and who-knows-what
other problems developing, their next
stop was Port of Spain on the island of
Trinidad, about 700 miles away. This
part of their journey would turn out
to involve the worst flying weather and
the worst flying country they had yet
encountered. For hundreds of miles
around the Orinoco River delta “there
is neither habitation not beach, nor any

sort of place where an airplane could be
put down, or its occupants seek succor
should they survive the crash,” a thought
which occurred to all of them as they
silently focused on engine sounds for
signs of trouble. Rain and fog forced
them out to sea, where they continued to
dodge squalls flying low over the water.
Spotting land (Trinidad Island) they
noted that it appeared to be clear to the
north but stormy to the south. Yancey,
however, steered them into the southern
storm seeking an excellent landing field
he had heard about near the oil wells
there. “Skimming over the palm trees…
the torrent sweeping over the glass windows of the cabin like a tidal wave,” they
couldn’t find it. Forced out to sea again
skimming the waves in a squall, Bouck
prepared for a crash by stuffing clothes
and soft materials between himself and
the gas tank in front of him.
They flew back over the island again,
back into the squall, “the motor spitting from rain in the carburetor.” The
airfield turned out to be nothing but
hot air: no such place existed. Thirtyfive miles south of Port of Spain, as if on
schedule, the valve stuck. They spotted
an old racetrack, soggy and overgrown
with tropical foliage. It would have to
do. Bouck, Yancey, and the baggage were
quickly rearranged as far aft as possible
to try to prevent the plane from flipping
on its back if the wheels stuck in the
mud. Bouck assumed his crash position
again. “Eddie slipped over a fence, stalled
the plane, and pancaked. The wheels
touched, the tail raised, but dropped
again as we slushed to a quick stop a
hundred feet from the fence.” They had
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escaped with only the usual damage to
the tail wheel assembly.
If Bouck’s description is accurate,
they’d landed just a few miles from a
very unusual natural wonder, Trinidad’s
Pitch Lake, then and now a major source
of asphalt for the world’s roads and roofs
(see Fig. 21). An asphalt lake, a penal
colony, a foreign military base—their
voyage had taken them to many strange
and isolated places, but none of them
good markets for the Pilot Super Wasp
(see Fig. 22), the main reason Isidor
Goldberg had financed the expedition.
Laying over in Trinidad for a couple
of days, they did the best they could to
get the Pilot Radio back in shape, including reaming out the faulty valve guide.
On Wednesday, September 10, they took
off across the Caribbean, their destination: San Juan, Puerto Rico. The week
before, a hurricane had preceded them
through the area. They weren’t naming

them just yet, but this one would eventually be called Hurricane San Zenon, and
classified as Category 4.86 It was the fifth
most destructive Atlantic hurricane in
history. It passed near, but spared Puerto
Rico, while having no such mercy on
the neighboring Dominican Republic,
where it devastated Santo Domingo
with a death toll in the thousands. The
resulting relief efforts would strengthen
the hand of newly elected president and
future dictator Rafael Trujillo, a big
fan of modern aviation who would one
day sponsor another GWF over South
America.87
The Pilot Radio initially flew north
from Trinidad and then arced towards
the west, tracing the string of land
known as the Windward and Leeward
Islands to maximize the possibility of
having a place to land should something go wrong, as by now they almost
expected. They even stayed in touch with

Fig. 21. Pitch Lake, Trinidad, circa 1920. A major source of asphalt which the Pilot Radio landed
a few miles away from near the end of its journey home. (Courtesy Caribbean Photo Archive)
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Fig. 22. The 1929 Pilot Super Wasp 4-tube regenerative receiver. A Bouck-modified version was
used in plane-to-ground communication in the GWF, which was in large part conceived as a
way of publicizing and increasing sales of this product. (Chadbourne photo, Hinkle collection,
from the Alan Douglas estate)

two Pan Am flying boats, one in front of
them and one behind. “We kept giving
them our bearings, so that any time,
should we be forced down, a rescue plane
able to alight on the water was within an
hour’s flight of us.” 88 But this time, nothing seemed to go wrong. They navigated
through a few rain squalls but touched
down safely at the Pan Am airfield in
San Juan, Puerto Rico. The Pilot Radio
had at last returned to American soil…
or at least American territory soil. At least
most of the Pilot Radio had. Once on the
ground, wrote Bouck, “I gesticulated
wildly to the right wing—the gas gauge
had disappeared—along with the gas!
How long we had been running on our
imaginations, I don’t know.” 89
Crash and Burn
The following account of the events
of Thursday, September 11, 1930, is
extracted from Bouck’s and Yancey’s
recollections as well as Bahamian and

U.S. newspaper stories.90 There seem to
be more details and analyses of the last
hours of their flight than of any other
part of it, and even a bit of controversy.
They started out early that fateful
Thursday morning, with a patch over the
hole where the lost gas gauge had been,
facing a journey of over 1,000 miles,
intending to dine in Miami that night.
Using language similar to his account of
how their nearly four-month voyage had
started in New York, Bouck describes the
hop off of the heavily laden plane: “the
pitot tube jabbed the wind, the airspeed
needle swung over—40—50—60—
70—80 miles an hour… Eddie held her
down, taking the whole field, and then
zoomed her over the bay.” The plane “bit
the air like a pursuit plane, with a glorious toss of her droning motor.” They flew
west, hugged the north coast of Puerto
Rico, crossed 90 miles of ocean to the
island of Hispaniola, and circled the city
of Santo Domingo in a bit of disaster
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tourism to take in the devastation from
the last week’s hurricane there. They
crossed the Windward Passage to Cuba.
Near Guantanamo they bore north by
northwest, passing Sama on the north
coast. From then on, an ocean of blue
water beneath them, places to set the
plane down would be scarce until they
reached Florida.
About 11 o’clock Bouck contacted
the Pan Am station CMG in Camaguey, Cuba, and received a report of fair
weather all the way home. Perhaps their
luck had changed. He also heard other
planes working Pan Am’s Miami base
station, WKDL. He found that though
those others could hear WKDL, and
WKDL could apparently hear the Pilot
Radio, he couldn’t hear WKDL. Soon
thereafter, CMG went down temporarily for transmitter work, but Bouck was
able to keep in contact with CMM at
Bayamo, Cuba, about 100 miles away.
He sent an advance order for gas and oil
in Miami through to WKDL and this
was acknowledged via CMM. At 2:30
by Bouck’s account (probably 1:30 by
others’) he reported their position over
Racoon Cay to CMM.
Bouck and Yancey had agreed that
another of Yancey’s reports for the New
York Times would be sent to WHD half
an hour later, so Bouck advised CMM
that he was going to switch over to a
“lower wave” for the transmission and get
back to them on the Pan Am frequency
of 54 meters (~5.555 MHz) after that. As
anyone who’s owned a Pilot Super Wasp
or other shortwave radio of that vintage
knows, this involved more than just turning a knob. “The change-over included
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removing and replacing two receiving
coils, one transmitting coil, the retuning
and reneutralization of the transmitter
and the shortening of the antenna.” Just
as he finished switching frequencies, the
plane’s motor started acting up. Bouck
figured it was the same valve that had
regularly stuck every eight hours. But
this time it seemed worse. According to
Yancey, “we were expecting the motor
to shake itself out of the ship.” Burgin
immediately throttled the engine back to
1,500 rpm, but the vibration continued.
And the reduced rpm meant that the
Pilot Radio was now on a slow, shaky
descent over the deep blue sea.
Bouck must have set a new speed
record in switching the coils and antenna
to get back to the CMM Bayamo frequency and report their distress. He estimated that in one minute he was back on
frequency, interspersing his calls of CQs
to CMM with SOSs to get their attention. CMM immediately acknowledged
with a “K,” “the first time, to the best of
my knowledge, that an airplane distress
signal was ever answered.” Notably too,
emergency communications were being
carried out on HF rather than the older
500 kHz maritime distress frequency,
which was still very much in use. Yancey
handed him a slip of paper and Bouck
reported their position: 22 degrees,
25 minutes N latitude, 75 degrees, 45
minutes W longitude, heading to Great
Exuma Island in the Bahamas, about 40
miles distant. CMM asked him to repeat
the name of the island. “SOUNDS LIKE
A SKIN DISEASE,” Bouck replied.
CMM asked if they should send out a
plane for them. “DONT KNOW WE
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MAY MAKE IT,” tapped out the laconic
Bouck.
With the Pilot Radio still slowly
descending and shaking like James
Bond’s martini, land was spotted in the
distance, but by that time they were less
than 1,000 feet up and sorely in need of a
landing place. “ARE THERE SHARKS
HERE?” queried Bouck. “HELL YES
PLENTY,” came CMM’s unsettling
reply. But they made it to the island, and
passed over its main city, Georgetown (see
Fig. 23). The island was and is a beautiful
place. Today you can find “the 10 Best
Great Exuma Tours” on the web, and
watch the remarkable swimming pigs that
it’s known for on YouTube,91 but on that
afternoon in 1930 all they wanted was a
flat stretch of solid ground to set down on,
an amenity that the island didn’t offer.
“Choosing among several beaches
and a stretch of what looked like hard
sand between a beach and a low hill,
Eddie picked the latter, and signaled to
me that he was landing.” Bouck recalled
that his last transmission to CMM was
“LANDING NOW SEE YOU IN 10
MINUTES IF OK 73,” but Yancey
says that they also told CMM that if
they didn’t hear back from them in 15

minutes, they should notify Isidor Goldberg, president of the Pilot Radio and
Tube Corporation at Lawrence, Massachusetts. Nice of him to think of Goldberg—whose company and backing he
had steadfastly refused to acknowledge
throughout the trip that they had made
possible—in his hour of need.
Bouck and Yancey braced themselves
for impact, but as they approached the
ground things looked better and better till Bouck finally said, “Hell, this
is going to be a cinch.” Just then, “the
wheels touched—and the Atlantic Ocean
poured over the motor and wind-shield.
Things happened! There was a queer
grinding noise, discordant cymbals
and drums, two dull thuds, and I was
lying on my back, on top of the plane,
with spare parts… raining down on
me. Yancey was standing on his head.
He had braced himself so well that he
had gone over with the plane! I bent my
head backward, and saw Burgin hanging
upside down from his safety belt, like a
monkey on a trapeze.” Feeling something
salty trickling down his face and into his
mouth, his first thought was that it was
battery acid. He “considered my probable
disfigurement,” but it was only seawater.

Fig. 23. Detailed map of Great Exuma Island in the Bahamas showing the location of the Pilot
Radio’s crash landing near Richmond Hill. (Collection of Paul C. Aranha)
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Yancey managed to crawl out
through a window and open the jammed
door from the outside. Burgin and Bouck
got out and took in the scene. “We had
landed in a swamp. Those smooth hard
sands were two feet under crystal clear
water! The wheels had not turned over
once!” Later, Yancey would say they hit
a rock, perhaps to avoid admitting they
had tried to land on water. Soon after
Bouck and Burgin exited the plane there
was a puff of smoke. An electrical short
under the instrument board ignited a gas
tank, burning some of the skin off Yancey’s right forearm. They all scrambled
further up the beach and watched the
spectacle, just 300 miles short of Miami,
of their home for the last four months,
the beautiful red-and-gold flying laboratory called the Pilot Radio transformed
into a smoldering, upside-down metal
skeleton (see Fig. 24).
Yancey, who apparently had had
enough time to glance at the engine,
laid the blame to a broken motor mount,
though vibrations due to the sticking

valve guide and bad spark plug may have
contributed to that. Although there was
no one on the beach for a while, after an
hour CMM did notify Isidor Goldberg,
who immediately called the U.S. State
Department and then sent it a followup telegram reading “Kindly cable circumstances surrounding accident our
plane Pilot Radio Captain Yancy [sic] in
charge Exuma Islands your cooperation
and assistance will be greatly appreciated.” 92 The State Department notified
the British Embassy, which notified the
colonial government. “As soon as possible the Commissioner, Mr. H. Pyfrom
and Dr. Fields were on the spot,” said
the Nassau Guardian of the crash of the
“notable American flying ace” Yancey
and his two companions, “Mr. Burgin
and Mr. Block [sic].” “Fortunately, Dr.
Fields only found superficial injuries to
attend to.” Yancey, ignoring his own
burns, would later admit, “We had a
lucky break—a mighty lucky break. It
was little short of a miracle that we were
unhurt.” 93

Fig. 24. The skeleton of the plane still lies there on its back−black and rusty against Exuma’s
sands. May the tropic rains fall sweet and warm upon her. An illustration accompanying Bouck’s
account of the last flight of the good ship Pilot Radio. (Radio News, March 1931, p. 853)
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The official report on the incident
from the colonial secretary, which was
eventually forwarded to Goldberg, would
read: “Aeroplane number N.R. 4785 [sic]
First Pilot Lewis A. Yancy [sic] Second
Pilot Burgin Radio Operator Bock [sic]
left United States for good will tour to
South American and West Indies on May
14 th representing Pilot Radio Corporation Lawrence Mass. Plane left Porto
Rico Thursday a.m. and passed over
George Town 1:50 p.m. engine trouble
tried land but could not locate a safe
place. Plane made a forced landing near
Telfair struck marl in mangroves and
overturned crew had to escape before
explosion which was caused by short circuit crew left by Alice Louise yesterday
Captain slightly burned.”
They spent the night in a fishing hut,
and before they left Great Exuma for
Nassau on the wind-powered Alice Louise, a fishing boat, the next day, Yancey

managed to get two short telegrams sent
out via Georgetown. One went to Mrs.
Yancey, the other to Isidor Goldberg,
both briefly announcing the crash but
assuring them that no one was hurt.
Back in New York, the press monitored
reactions of the fliers’ wives.94 Zeh’s
wife Charlotte, who was pregnant,95
“awaited eagerly further developments
of the accident. She had expected her
husband to arrive here tomorrow, she
said.” Mrs. Yancey emphasized the positive: “Whenever anything goes wrong
it is always good to know that Lon has
not been hurt. Of course, the crack-up,
when he had got so close to home, is a
terrible disappointment for him, but it’s
good to know he is alive and safe.” As for
Isidor Goldberg, he “expressed keen disappointment over the wreck but delight
that all the fliers were safe.” And the fliers themselves? They “took the disaster
philosophically” 96 (see Fig. 25).

Fig. 25. Bouck, Yancey, and Burgin somewhere in the Bahamas shortly after the
crash of the Pilot Radio. (Author’s collection)
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You Can’t Go Home Again
They arrived in Nassau Saturday afternoon, and boarded a ship, the Munargo
bound for Miami. They reached it on
Tuesday and transferred to another ship,
the Mohawk the same day,97 finally arriving back home in New York City on
Friday the 19th.98 There is no record of
anyone being there to greet them; there
would be no ticker tape parade for the
weary fliers who had come back by ship,
having lost their plane.
As if Fate was rubbing salt in the
wound, they returned to a city still abuzz
with excitement over the recent aerial
exploits of some aviation heroes—just
not them. Two weeks earlier President

Hoover had joined with “the people of
the American nation in rejoicing over
the brilliant exploit,” a “masterpiece in
skillful flying,” the “glorious flight” that
was praised by everyone from Lindberg
to Eddie Rickenbacker to Pan Am’s Juan
Trippe.99 They were referring to the first
flight across the Atlantic from Paris to
New York—essentially the reverse of
Lindberg’s but more difficult due to
the wind direction—by Frenchmen
Dieudonné Costes and Maurice Bellonte in their biplane the Question Mark
(see Fig. 26). Thousands of New Yorkers had flooded Curtis Field to witness
their arrival, with police having to battle
the crowds to keep them off the landing

Fig. 26. French aviators Dieudonné Costes and Joseph Le Brix. Two weeks before the Pilot Radio
crew arrived back in New York, Costes and co-pilot Maurice Bellonte had made the celebrated
first crossing from Paris to New York. Three years earlier Costes and Le Brix had completed an
extensive GWF through South America. (Author’s collection)
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field.100 Thousands also strewed confetti
as the fliers passed through the streets.101
President Hoover hosted a luncheon for
them at the White House.102 On September 12, as the Pilot Radio lay dead and
still smoldering on Great Exuma, Costes
and Bellonte embarked on a long GWF
around the USA as a sort of victory lap.
The Question Mark had been equipped
with radio, though of the traditional sort,
for 600 meter CW transmissions.103 The
New York Times had commissioned
Captain Costes to provide his exclusive
insights into the flight (sound familiar?),
hoping that he might be able to communicate with the paper during the 37 hours
aloft, but sure that he could provide a
series of articles after arrival, assuming
that he survived.104 As it turned out,
communications were limited to ships
along the shipping lanes, and the radio
failed near the end, apparently due to
problems with the generator.105 On that
score at least, the Pilot Radio had them
beat, hands down.
But there was another eerie analogy. Three years earlier, starting in late
1927, Costes, along with copilot/navigator Joseph Le Brix, in their modified
Bréguet Bré 19GR, a land plane, had
accomplished the first aerial crossing
from Africa to South America, landing at Natal, Brazil. They then went on
a leisurely aerial tour of every country
and every major city in South America,
almost certainly logging more miles
than the Pilot Radio had, although
they apparently did not fly the sort of
perimeter route that Bouck, Burgin, and
Yancey did. The flight “served to reinforce the perceived French aeronautical

preeminence of the late 1920s in Latin
America.” 106 All in all, by the time Burgin, Bouck, and Yancey reached the
docks in New York, whatever they may
have accomplished on their 18,000 mile
Pilot Radio flight was cruelly forgotten.
It would remain so up to our own day.
The Aftermath: Controversy
and Conflicts
By one account Zeh Bouck wasn’t aboard
the Pilot Radio at all on the day of the
crash but had stayed in the relative
comfort of San Juan. An anonymous,
unidentified obituary for Emile Burgin
many years later found in the files of
the New Egypt (New Jersey) Historical
Society seems to be the source of this.107
Although not outside the realm of possibility—Yancey could have “piled” Bouck
out to save weight for the long over-water
voyage as he had done in Colon— this
seems highly unlikely. It could only be
possible through an elaborate conspiracy
involving the fliers, American and Bahamian reporters, the U.S. State Department, and the British colonial secretary
as well as perjury by Bouck. He would
have needed to get from San Juan to the
Bahamas in a jiffy to be in the photograph of the three of them that was taken
there shortly after the crash. A Pan Am
radio station in Cuba first notified the
world of their plight, which it could not
have done without having been in contact with the plane, and there’s no evidence that either Yancey or Burgin knew
Morse code or how to use the transmitter. A few years later (see below), Bouck’s
sworn court testimony put him on the
plane at the time of the crash. Finally,
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although he was an excellent writer of
fiction as well as fact, Bouck’s accounts
of the crash are just too realistic to have
been faked. All in all—to borrow Zeh’s
royal “we”—we are confident that he was
on the plane that day.
A few days after their arrival in New
York, Yancey’s final installment appeared
in the Times.108 He acknowledged the
vital role of radio in long-distance flights,
and credited Bouck as being able to get
them through any kind of weather using
information from ground stations and
other planes. Bouck for his part must
have started preparing the series of
articles on the voyage that would later
appear in Radio News and Radio Design.
For a while not much seemed to change.
Although Pilot Radio apparently never
tried to replace its flying laboratory,
Bouck was still signing letters as their
“Engineer in Charge of Aeronautics,”
the next month,109 and Eddie Burgin
announced an upcoming around-theworld flight scheduled for the following
spring that would include Bouck as radio
operator.110 The navigator, plane, and
sponsor were not specified.
The GWF was done, the plane was
gone, but the story wasn’t over. Events
occurring afterwards would shed a
wholly new and unexpected light on
what had really happened over the course
of the voyage. Up until then all accounts
seemed to indicate that other than some
occasional minor tension between Yancey
and Bouck, the crew managed to get
along fairly well and function effectively
as a team. This was soon exploded as just
a convenient fallacy.
On November 12 th, Bouck sent a
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letter to Yancey.111 It began “My dear
Lon,” and explained that he (Bouck)
is sending him $9.80 as “your share
in the photographic proceeds.” While
on the subject, he inquired, “Have you
settled with the New York Times yet on
the South American flight?” It had been
Bouck’s (and Burgin’s) understanding
that these kinds of promotional proceeds,
called “side money,” from the trip would
be shared equally between the three of
them. Bouck also mentioned some shirts
for Yancey and himself that he had paid
for in Bermuda, asking Yancey to credit
his share ($22.00) back, and closes the
letter thanking Mr. and Mrs. Yancey for
a fine dinner on behalf of himself and
his wife Charlotte (see Fig. 27).
Bouck had to wait till the following February for a reply.112 “My dear
Jack,” Yancey began, apologizing for
the lateness of his response, which he
attributed to a hectic holiday season. He
went on to deny that he owed Bouck
any money for shirts: “since I had but
seven shirts returning from Bermuda,
there must be some mistake, don’t you
think?” Politeness having run its course,
venom then emerged. “Regarding the
New York Times settlement for the South
American flight,” Yancey wrote, “due to
the unfaithfulness and disloyalty shown,
together with the whispering campaign
conducted by both Burgin and yourself
for the purpose of injuring me, and the
very unsatisfactory situation which developed following the flight as a result of the
acts and words of both of you, I cannot
help but feel that either Burgin or yourself would show an unusual amount of
nerve in expecting a share of the profits,
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Fig. 27. Back home in New York, Lewis Yancey’s wife attends to the burns her husband suffered
in the Pilot Radio crash. (Author’s collection)

should there be any, in a flight which
both of you made every effort to ruin.”
Fired in Mexico and Almost Fired
in Argentina
Two months later, on April 23, 1931, the
GWF again made the New York Times,
and for the last time: “Yancey Sued by
Ex-Aides: Burgin and Bouck Demand
Share in Flight Profits.”113 The Honorable
Peter Schmuck presided.114 The testimony by Bouck, Burgin, Goldberg, and
others in the New York State Supreme
Court (available on the web)115 provides
a rare, unfiltered glimpse into the realworld personalities of those involved in
the Pilot Radio flight. Unfortunately,

Yancey was not present in court. He had
claimed that his new employment somewhere in Oklahoma made it impossible
for him to be present, so only his attorney
spoke for him.
The crux of the case was that during
a send-off party in New York before the
GWF on May 10, 1930, Bouck, Burgin, and Yancey entered into a verbal
agreement to split any “side money” that
would come in advance of or during the
flight evenly between the three of them.
Any money related to it afterwards, such
as fees for lecture tours, would not be
split. According to Bouck, at this party
“there was quite a crowd, a lot of Yancey’s
friends and some people from the Wright
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Aeronautical Company; a representative
from the Radio Department of the New
York Times; Mr. Burgin, Mrs. Bouck.”
“I said, ‘Lon, there is one thing I want
to get straight on this… that all money
made from contracts made previous
to the flight or during the flight are to
be split three ways, one-third to you,
one-third to Burgin and one-third to
myself.’” When he asked Yancey if that
was understood, Yancey replied, “Why
of course it is. It is what we understood
all along.” Burgin agreed too. He and
Charlotte (Bouck’s wife) were called to
the stand and swore under oath that they
had heard this as well.
Yancey’s lawyer, a Mr. Sullivan,
started out by trying to show that while
Bouck had drawn little attention to and
provided no real direction for the GWF,
Yancey brought all the value through his
fame and leadership, and was entirely
responsible for the income from the
Times articles. It was painfully brought
out that, per Yancey’s Pilot Radio contract, he, not Bouck, was in charge of the
flight. Then came the shocker:
Q. As a matter of fact, you [Bouck]
were fired on this very flight at
Mexico City: you were discharged?
A. I continued with the flight.
Q. Were you fired when you were in
Mexico City?
A. I suppose you would call it that.
I was immediately reinstated.
Q. You called up Mr. Goldberg from
Mexico City?
A. Yes, and I told him the truth
about the matter.
(Last part stricken by consent.)
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Sullivan continued to hound Bouck
about being fired. Bouck almost begged
for the opportunity to tell the court why
Yancey had had him fired: “Do you want
to know why I was fired?” “No. I am not
interested in why you were fired,” said Sullivan. Bouck’s attorney, a Mr. Halperin,
on redirect then asked Bouck to explain
why he was fired. This was objected to
and the question was withdrawn.116 So
unfortunately, we will never know, but
can say with certainty that whatever the
reason, Bouck was eager to tell the court
and Yancey’s lawyer was equally determined that it should never be uttered.
And Bouck wasn’t alone in Yancey’s
crosshairs: Burgin was too! A deposition
from a pilot named Ernest L. Neill was
introduced. Yancey had run into Neill
at Los Cerillos field in Santiago, and
again in Buenos Aires. In one of their
conversations, Yancey had mentioned
that the GWF side money was going to
be split three ways. Even more interestingly, “In the Hotel Jousten, in Buenos
Aires, he [Yancey] told me he was sore
at Burgin and that he would like to get
another pilot with him. He asked me if
I would like to be the pilot, and I told
him I was employed.”
Yancey’s attorney then took another
approach. His client had signed a contract with Pilot Radio that specified that
the company would pay him $100 per
week (apparently the same salary Bouck
and Burgin got) but that any side money
would be his to keep. Since the written
contract specified that Yancey could keep
it, any verbal agreement that he may or
may not have made shouldn’t matter,
according to this argument. Of course,
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Bouck and Burgin were not privy to
Yancey’s contract and he hadn’t bothered to educate them on that particular
clause. Instead, he had told them he was
going to split the side money with them.
Judge Schmuck ruled in favor of Bouck
and Burgin, and the court ordered that
Yancey send them each $331.57, onethird of the total proceeds from the New
York Times articles. This is a bit more
impressive, about $5,600 today, but still
not that large a sum even before subtracting attorney’s fees.
A few details of Yancey’s Pilot Radio
contract, disclosed as part of the lawsuit,
are of further interest. After the GWF,
the Pilot Radio would be prepared for a
transatlantic flight led by Yancey. And
the GWF would only be from New York
to Rio. After that, Yancey would decide
whether to continue the flight home or
just declare victory and have the Pilot
Radio sent home by steamer, as they’d
done after the Bermuda flight. Could
it be that Yancey was determined to fly
home while Burgin and Bouck, concerned
about the engine troubles they’d already
begun to have, wanted to call it quits?
If so, it would explain why Yancey had
wanted to get another pilot and might
explain a “whispering campaign” after
the crash along the lines of “if only he’d
listened to us.…” But without documentation this is just pure speculation.
Epilogue: And Then What
Happened?
Reading too many biographies of those
who lived before us gets depressing: the
ending is always the same. Yancey would
stay in the limelight for some time. He

became interested in autogiros—not
a Greek dish but vehicles which, like
planes, are powered by a front propeller
but which derive their lift from a top
helicopter-like rotor passively driven by
the forward motion. He would go on to
set autogiro piloting records, visit every
city in the United States with more than
20,000 people, and even fly his autogiro,
Miss Champion, through parts of Latin
America and the Caribbean. In 1940, he
died of a cerebral hemorrhage at his home
in Yonkers, New York, at the age of 44.117
Eddie “Hard Luck” Burgin would
end up having the best luck of the three
in terms of longevity. He would survive at least one more crash, when flying
with two amateur pilots, the Adamo
wicz brothers, who were attempting the
first New York to Warsaw flight. To
this day, debate over who was flying the
plane when it crashed in Newfoundland continues.118 Burgin would later
spend time as a commercial pilot based
in New Jersey. It’s said that he gave flying lessons to actors Cesar Romero and
Tyrone Power.119 Interestingly, after the
war, Power and Romero made their own
GWF around Latin America, even by a
route similar to the Pilot Radio’s, leaving
one to wonder if Burgin may have been
its inspiration.120 For 12 years he was
employed as a pilot in the Dominican
Republic, until living under the Trujillo
dictatorship became too much for him
and his wife and they returned to New
Egypt. Burgin would live long enough,
by one account, to be congratulated for
his pioneering career by a man who made
a much longer GWF: Neil Armstrong.
Eddie Burgin made his final hop off
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in January of 1970, having seen eight
decades go by.121
For Bouck, the Pilot Radio GWF
would mark the zenith of his career. His
aeronautical radio days were soon over.
The tough Depression years that followed
would see him struggle to make a living
by churning out hundreds to thousands
of articles (mostly on shortwave reception,
shortwave broadcasts, and ham radio) for
newspapers, magazines and books, each
taking considerable time and effort and
paying little. Through his Zeh Bouck
Laboratories, he would gamble on marketing parts for the Stenode Radiostat, a
crystal-controlled radio reception invention that had promised, but ultimately
couldn’t deliver, narrow bandwidths and
razor-sharp selectivity with no loss of
fidelity.122 The venture may have cost him
dearly. At some point he was obliged to
leave the life that he loved in New York
City for one that he admittedly hated in
his ancestral hometown of Middleburgh,
New York, located in rural Schoharie
County.123 There the locals were unlikely
to have forgotten how this big city writer’s
uncle, the revolutionary Bouck White,
had maligned them by name in his book
years earlier.124 For a time, Zeh wintered
in Tampa. But in those post-GWF years
he would grow increasingly isolated, his
writings and his attitudes would lose their
erudition and good humor, becoming
brittle, extreme, sometimes odd, and
sometimes even crude.
But like Icarus of Greek legend, who
flew too close to the sun and fell to earth
when his wax wings melted, Zeh Bouck
should ultimately be remembered not for
his descent, but for having accomplished
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what no one had thought possible. Jack
Schmidt, stricken with the feared and
devastating disease of polio, written off
in those days by society as a “cripple” of
little value with few prospects for earning
a living—similarly disabled people even
being “euthanized” in Germany in his
lifetime125 —instead through intellect,
ambition, hard work, and iron will had
reinvented himself as Zeh Bouck, radio
engineer, newspaper and magazine columnist, author, aviator and adventurer.
Let history remember him for that (see
Fig. 28).
On August 26, 1946, Zeh died at
a hospital in Albany, New York, at the
age of 45.126 Although the location of his
grave is unknown, perhaps his spirit can
still be found soaring through the ether
waves high above the Andes or over the
jungles of Brazil.

Fig. 28. Zeh Bouck (1901−1946), pictured here
in 1925, was born Jack Schmidt. He held the
callsigns 2PI, W4FCP, and W8QMR. During his
career, he was a radio engineer, writer, and
adventurer. (Picture from Radio Broadcast, April
1925, p. 1132)
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Wireless and the St. Roch: 1928 −1950
© 2020 John Gilbert and Jerry Proc
The epic journeys of the Royal Canadian Mounted Police (RCMP) schooner St. Roch are
well documented. She was captained by Henry Asbjorn Larsen for almost all of her life,
and the voyages were highlighted by the two-way transit of the Northwest Passage
in the 1940s. Later, having transited the Panama Canal, she became the first vessel to
circumnavigate North America. An untold story of the famous vessel is her use of wireless, known as radio after about 1931.1 Launched in 1928, the St. Roch would have been
among the first to be equipped with new shortwave or high frequency (HF) equipment.
Sailing in both the Western and Eastern Arctic during the years 1928−50, the ship had
first-hand experience of shortwave wireless as it evolved in the Canadian Arctic. The
use of shortwave in the Arctic had been pioneered by Tom Mix on the American ship
Bowdoin in 1923. Canadian Jack Barnsley, in Prince Rupert, BC, provided vital communications support for the Bowdoin. Inspired by this example, Commander C. P. Edwards,
Canada’s leading wireless authority, arranged for Captain Bernier to take on 20-yearold Bill Choat as his radio operator on the ship CGS Arctic for its annual voyage in the
Eastern Canadian Arctic in 1924. Bill Choat’s task was to use and experiment with this
new technology. These voyages provided proof of concept of shortwave, and by 1928 it
was chosen as part of the equipment to be installed on the St. Roch. J. Lewis Robinson,
in his 1945 article “Conquest of the Northwest Passage by RCMP Schooner St. Roch,”
wrote “Aided by modern equipment and radio communication, the RCMP boat has been
performing feats of Arctic ice navigation equal to those history-making voyages of less
than a century ago.” This is the radio communication story of the St. Roch.

General
A full history of communications in the
Canadian Arctic is beyond the scope
of this article, but part of that history
shapes the St. Roch experience. The peculiarities of Arctic communications meant
that “local” communications were often
with stations many miles away. Stations
such as Aklavik, Coppermine, Resolution Island, and Churchill were just
becoming established as the ship began
its first voyage in 1928. Guy Lawrence,

writing about the introduction of wireless
into various section of the Yukon Telegraph, noted that “Short or continuous
waves had earned respect on land, even
in mountainous districts. If successful
[on the Yukon Telegraph lines] it would
eliminate delays in transmissions and…
would save lives as time ran on. …from
the first it was successful, although waves
had a habit of skipping. Signals from
Hazelton to Atlin or Telegraph Creek
might be picked up in the furthermost
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corners of the earth but yet not reach
either of these places being transmitted to.” 2
In the 1920s, communications in the
Western and Eastern Canadian Arctic
developed in totally different ways. In the
West,3 the telegraph service in the Yukon
Territory, which had begun in the late
1800s, was being challenged by the new
wireless technology. Wireless had been
in the public eye since 1902, when the
government had funded Marconi to the
tune of $80,000 to build a wireless station at Table Head in Cape Breton, Nova
Scotia. An attempt in the early 1920s to
replace part of the telegraph service in the
Yukon by wireless floundered initially on
the question of tariffs and doubts about
the reliability of wireless. Notwithstanding these concerns, late in 1922 a petition signed by business leaders in the
Northwest Territories was sent to the
Prime Minister. The petition argued that
“this territory is on the eve of development.… Wireless communication would
revolutionize the transportation business
and all commercial projects.” 4
Reacting in part to the petition, the
Department of the Interior contracted
with the Department of National
Defence in 1923 to set up a wireless
system in the North. This became the
responsibility of the Royal Canadian
Corps of Signals (RCCS). The system
was born on October 20, 1923, with
the opening of the station at Dawson,
Yukon. The station at Aklavik, established in October 1925, and the summer
station on Herschel Island, established in
1926, were to become crucial to the mission of the St. Roch. Other stations were
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added to the Northwest Territories and
Yukon (NWT&Y) network, as it became
known; “By the end of 1933 the System
had grown to 12 year-round stations with
the summer station at Herschel Island.” 5
Herschel Island, in the Beaufort
Sea, the Yukon’s most northerly RCMP
detachment, was to become home base in
the Arctic for the St. Roch. It had initially
been established to monitor the declining
whaling industry, and by the mid 1920s
the duties of the detachment covered a
wide range of government responsibilities in addition to its key role of police
duties. Plans for the NWT&Y system in
1924 included an installation at Herschel
Island. To accomplish this, a communications contingent traveled by train and
ship to Herschel Island, while equipment
was separately shipped north from Vancouver on the Hudson Bay Company
(HBC) steamer Lady Kindersley. The
communications contingent made it,
however the ship sank near Point Barrow, Alaska, and the equipment was lost.
Among the communications contingent
sent to Herschel Island to await the
arrival of the equipment was Corporal
(later Major) Frank Riddell, who will be
mentioned later. By 1925, it was clear
that Aklavik would be the best northern terminal station, while Herschel was
downgraded to be a substation during the
few weeks per year that navigation there
was open. Aklavik Radio Station opened
with a 500 watt SITD transmitter and
a SITD 2 receiver.6
While the Herschel station was only
to operate as a substation of Aklavik
during the annual six weeks of reliable
navigation, it remained important to
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the RCMP. They had offered to provide
radio operators for the station, including arranging for their training at the
National Defence School at Camp Borden. Then in 1928 they concluded that
the station should remain open so that
the officer commanding RCMP Western
Arctic at Herschel could communicate
with the St. Roch. But by the time the
St. Roch made its inaugural voyage, the
station at Herschel Island had adopted its
new “summer” role. By 1930, when the
St. Roch was due to arrive on its second
voyage, the costs of the station were to
be covered by the Department of Marine
and Fisheries. In 1931 the station was
operating on a frequency of 193 kHz
(1,554 meters) under the call sign VEE.
The station did not survive; in 1938 it
was closed, and the equipment moved
to Aklavik.7
The use of communications in the
Eastern Canadian Arctic developed more
gradually. On June 23, 1923, the MacMillan Arctic Expedition ship Bowdoin
had left for the Arctic from Wiscasset,
Maine. The radio operator was Donald
H. Mix, and the ship was equipped with
a complete Zenith installation. Operating under the callsign WNP, the ship
pioneered shortwave communication
in the Arctic, overwintering at Refuge
Harbour in Greenland. In these early
days, relay tests were being carried out
to transmit messages from one side of the
country to the other. Jack Barnsley, 9BP,
in Prince Rupert, BC, operated the most
northerly relay station during the TransCanada Relay Tests. A weekly story was
to be sent from the Bowdoin to the North
American Newspaper Alliance in New

York City. Because of the peculiar “skip”
phenomena mentioned earlier, Barnsley
was in a unique position to relay the ship
traffic, press stories, and hot news, such
as the World Series scores. He became
the most reliable clearinghouse for traffic
to and from the ship. For his efforts he
was presented with a complete Zenith
receiving set.8 His antenna was a “cage”
75 feet long. We will see a similar “cage”
on the St. Roch later.
The Canadian Government Ship
(CGS) Arctic sailed from Quebec in July
1924 on her annual trip to Baffin Bay
and the Canadian Arctic Islands. Master
of the vessel was the famous Canadian
Arctic explorer Captain Bernier. Commander C. P. Edwards had arranged for
Bill Choat of Toronto to be the radio
operator for the voyage. The ship carried a shortwave interrupted continuous
wave outfit, transmitting on wavelengths
between 100 and 150 meters under the
call sign VDM. The test transmitters (see
Fig. 1) were two Admiralty units using
Marconi MT6 tubes, with 2 kW input
to the plate; the tone, to be distinctive,
was set at 480 Hz. Choat, whose call sign
was Canadian 3CO, was to report to the
Radio Branch, Department of Marine.
Canadian radio amateurs were given specific authorization to use 120 meters to
communicate with the ship. These trials
benefitted from the Bowdoin’s experience
in 1923, during which year the two ships
had met at Etah in Greenland. Choat
used the three 80-foot masts of the Arctic
as the anchor for his antennas. He also
installed a ground connection of 200
feet of copper plate secured to the side of
the ship. The experiments were a success.
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Fig. 1. Admiralty transmitter used on the CGS
Arctic in 1924. (QST, Dec. 1924, p. 39)

Among other contacts, Choat mentioned
the CW telegraph signals from station
8XS (KDKA), of which more will be
told later. During its long Arctic sojourn
starting on August 17, 1924, the ship
spent nine days at Dundas Harbour
while the police post was being built
there. No doubt this cemented the close
working relationship between the Radio
Branch and the RCMP, which lasted
for the life of the St. Roch. In his report
to the Radio Branch, Choat concluded
that, properly managed, shortwave was
preferable to commercial longwave for
ship-to-shore communication–a factor
which influenced Commander Edwards
when the time came to outfit the St. Roch
in 1928.
Construction of the Hudson Bay railway and the port of Churchill, Manitoba,
was a major project in the late 1920s.
Ships using the port of Churchill would
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have to pass through Hudson Strait.
During 1927−28, the Hudson Strait
expedition undertook research into the
navigation conditions through the strait.
The expedition’s innovative use of radio
led to the opening of radio facilities in
the area. Bases had been established in
1927 at Port Burwell, Wakeham Bay,
and Nottingham Island. At the end
of the expedition, the equipment was
transferred to the Radio Branch, and
the Wakeham Bay station was closed.
In 1928, while the St. Roch was getting
ready to leave on its inaugural voyage,
permanent stations were being built at
Nottingham Island (VCB), Cape Hope’s
Advance (VAY), and Resolution Island
(VAW). While there was some customization to fit local conditions, the basic
equipment for each station was a 50
watt transmitter with Kohler generator,
a Marconi Type M.S. receiver, and a
Marconi G3 direction finding receiver.9
Radio Broadcasting
At first glance, a small ship operating in
the Arctic as a broadcast station seems
an anomaly. But the RCMP had been an
early adopter of broadcasting. Morrison
notes that a wireless antenna was put up
in the police detachment at Port Nelson
as early as February 1914. Sergeant R.
H. Walker, commanding the detachment, commented that they were able
“to receive the daily news from Cape
Cod, and an occasional message from
Virginia. This is a great boon here, as we
receive the news before it is published in
the papers in civilization.” 10
Shortwave radio programs from radio
station KDKA in Pittsburgh were highly
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popular in the 1920s with southerners
serving in the Arctic, although it would
be many decades before such services
were geared to the needs of traditional
residents of the North. Throughout the
1920s, an increasing number of people
in the Arctic had shortwave receivers,
including many RCMP posts. A survey
was carried out to assess the potential of
shortwave services, and on September
16, 1927, RCMP Commissioner Cortland Starnes wrote to Commander C. P.
Edwards, head of the Radio Branch, with
the results of the survey. This included a
report from then Staff Sergeant Joy on
Ellesmere Island (see Fig. 2), at that time
the most northerly location, which ran
to dozens of pages.
The following February, George A.
Wendt, of Canadian Westinghouse in

Montreal, wrote to Edwards announcing
the availability of a new receiver suitable
for posts in the North. Later that year he
submitted a Radio Broadcast Schedule
for 1929−30. From this time on, radio
broadcasting became an important
feature of the Arctic. This was further
enhanced when, in the mid-1930s, the
newly formed Canadian Broadcasting
Corporation began its Northern Messenger Services (Messenger), which allowed
people to send messages to friends and
relatives in the North.11
When the Department of Marine
Radio Branch was amalgamated with
the new Department of Transport on
November 2, 1936, a number of ongoing
responsibilities were formally acknowledged. This appears in the first Annual
Report of the Radio Branch 1936−37.

Fig. 2. Alexandra Fiord, Ellesmere Island. Reception of southern broadcast signals reported from
here in 1927. Note the radio frequency (4356 kc) spelled out in white stones, although viewed
from shore this is upside down. (Author’s collection)
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Special Broadcasts in
Subarctic Regions
In the early 1930s, arrangements were
made for the department’s stations at
Coppermine, Coronation Gulf, Chesterfield Inlet, and Port Churchill, Hudson’s
Bay; and the Royal Canadian Mounted
Police schooner St. Roch, to broadcast at
scheduled hours for the benefit of trading posts, settlers, miners, and missions
within range. The broadcasts, which consisted of press, personal messages, etc.,
were transmitted by voice in accordance
with the schedule shown in Table 1.
Practical Limitations of
Shortwave (HF) radio
Radio communication in the Arctic is
constrained by a number of natural phenomena. Over the long term, the range
of communications is subject, as in the
rest of the world, to the sunspot cycle,12
but the effects are more severe. At the
low point in the cycle, the higher HF
frequencies are unusable, leaving it to

the skill of the radio operator to select
the best of poor options at lower HF
frequencies. The St. Roch was fortunate
to experience generally good sunspot
conditions during her critical voyages.
Compounding the issue, in the short
term the aurora and other factors can
cause radio “blackouts,”13 when HF communication is impossible for days on end.
But even during the worst conditions,
the high-power Rugby radio station, at
16 kHz, could still be heard. Radio signals would often exhibit a characteristic
“Arctic flutter” and be subject to fading.
By 1928, shortwave had come into its
own, and the days of spark had officially
come to an end.14 Stations were assigned
crystal controlled frequencies that could
be selected by the operator, depending on
conditions; this meant that they transmitted on pre-assigned frequencies and
anyone with a proper receiver could tune
them in. Table 2 shows the frequency
assignments of three stations of importance to the St. Roch.

Table 1. Voice broadcast schedule.
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Table 2. Frequency assignments of stations important to St. Roch.

Wireless on the Voyages
of the St. Roch
On March 31, 1926, the expenditure
of a price not to exceed $37,500 was
approved for an “auxiliary schooner for
the use of the RCMNP [the earlier title
of the RCMP] at Herschel Island, YT.”
The tender from Burrard Dry Dock Co.
for the construction of the schooner was
confirmed on September 29, 1927.15 Stuart Taylor Wood, later commissioner
of the RCMP, was responsible for the
building of the St. Roch and continued
to take a personal interest in the ship
and its activities throughout her life.16
He knew the North well, having lived
in the Yukon as a young man, and later
as commanding officer of the Western
Arctic from 1919−1924. The years of the
St. Roch were marked by the financial
constraints of the Great Depression and
the war years. The success of the ship’s
mission depended on strong and supportive leadership, and in this she was blessed
with its long-time captain, Inspector
Henry Larsen, three RCMP commissioners (Starnes, MacBrien and Wood),

and Lt. Commander C. P. Edwards, (see
Fig. 3) head of the Radio Branch in the
early days.17
The St. Roch was designed as a supply vessel and floating detachment for
the Arctic and was launched at the end
of May 1928. A map of her voyages may
be seen in Fig. 4.18 Her wireless facilities were the responsibility of the Radio
Division of the Department of Marine
and Fisheries, and the radio equipment
was initially purchased along with other
supplies and equipment such as tarpaulins, rubber boots, and photographic

Fig. 3. Lt. Commander C. P. Edwards, longtime head of the Radio Branch. (Radioalumni
.ca)
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supplies. Batteries for the first radio set
were ordered under a separate purchase
order. A standard order for all purchases
commanded “strict economy is to be exercised in the purchasing of these supplies.”
The wireless story of the St. Roch falls
naturally into three time periods. The
first period was the decade 1928−38,
before the Northwest Passage voyages,
which covers a period of severe spending restrictions. Radio operators were
called on to innovate and adapt to Arctic
conditions. The second period covering
the next five years, 1939−45, the years
of WWII and the epic Northwest Passage voyages, the vessel followed wellestablished patterns but was restricted
by the financial constraints of the war

effort and by limitations imposed on
communications by radio silence. The
third period concluded with a voyage
back to Vancouver captained by Henry
Asbjorn Larsen, where the ship became a
National Historic Site at the Vancouver
Maritime Museum.
The Years 1928−39
The maiden voyage of the ship, sailing
from Vancouver on June 28, 1928, and
wintering at Langton Bay, east of Herschel Island (see Fig. 4), tested the wireless equipment and set the pattern for
future voyages. The basic wireless set had
already been purchased, but the installation of the set, the antenna, and the tools
and supplies needed to keep it running,

Fig. 4. Map showing wintering-over places for the St. Roch. (Author’s collection)
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had to wait until the arrival of F. W.
“Fred” Sealey. Selection of the ten-man
crew was underway in May 1928. Sealey,
from the Radio Branch of the Department of Marine, was the last to arrive,
on June 7, 1928. He had previously been
a Marconi operator, having sailed with
the Robert Dollar between Vancouver and
Yokohama, Japan. By the time he arrived,
there was a hectic rush to get the ship
ready to leave. Sealey ordered what he
could, including a typewriter, essential
for an operator copying Morse code, but
also useful for administrative duties on
the ship. The June 28 date was fixed to
allow the vessel time to navigate through
the Arctic ice and around Alaska. With
a scant three weeks before sailing, there
simply was not enough time for everything that needed to be done.
Sealey’s primary responsibilities were
passing messages about the ship’s business and communication with shore
stations on navigational matters. His
official duties, and those of all subsequent
operators, were to:
“Carry out his duties and watches
under the direction and control of the
captain, who will check all messages sent
and be handed copies of all messages
received,” and “He will be responsible
for all stores and spare parts issued to
him, and will keep a record of all replacements.” 19
Larger vessels, and land stations,
had at least two operators to cover
the 24-hour cycle. There was only one
operator on the St. Roch, although on
some voyages another member of the
crew could substitute in an emergency.
It was impossible for the operator to be

on duty all the time, but he would be on
duty for scheduled communications or
“skeds” with other Arctic stations and
headquarters.
As was the practice at all northern
stations, “other related duties” were part
of everyone’s responsibilities. On the
St. Roch, the radio operator was expected,
as a member of the crew, to take turns
on watch and to share in the day-to-day
chores around the ship. The substance
of communications would, of course,
have changed each year to reflect current
conditions. The following highlights of
Sealey’s experience would have been typical for subsequent voyages of the ship.
One of Sealey’s responsibilities was
monitoring the news. The loss of Northwest Passage pioneer Roald Amundsen
was of great interest to Larsen and the
crew. Amundsen had been hunting for
the airship/dirigible Italia. Under its
leader, Umberto Nobile, it had crashed
on May 25 while returning from a flight
to the Pole. Sealey tracked the news as it
unfolded and reported to the ship’s crew
when parts of Amundsen’s plane were
found later in the summer.
When they entered the Bering Sea,
Sealey had to provide advance warning
of the ice conditions ahead. He contacted
the steamer Victoria, then at Nome,
Alaska, to learn that ice conditions were
unfavourable to proceed. It was decided
to layover at Dutch Harbour, where they
waited for three days until Sealey made
contact with the Boxer, which reported
that the Bering Strait was free of ice.
After entering the Bering Strait and
crossing the Arctic Circle, Sealey was in
contact with other ships and with Point
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Barrow. They were able to proceed to
Barrow and thence into the Beaufort Sea
around July 27, in time to see the sun set
for a few minutes at midnight. On July
30, they passed Demarcation Point and
re-entered Canadian waters, where they
anchored at Herschel Island.20
During the voyage to Alaska, Sealey
had maintained two wireless schedules
a day, but by the time they arrived at
Herschel Island on July 24, the repercussions of their hectic departure from
Vancouver had caught up with them.
Their radios had been unserviceable for
days, and no doubt Sealey was eager to
find supplies and test gear at Herschel
to fix the problem. Not being able to
contact Herschel by radio, they did not
learn until they arrived there that a major
influenza epidemic had devastated the
area, with many having died as a result.
From Herschel they headed east.
Larsen mentions in his biography that
when they reached Cambridge Bay on
Victoria Island, Amundsen’s old ship
Bay Maud was anchored in the bay.
Larsen commented: “I found it sad to
see Amundsen’s fine ship as just another
floating radio station.” Sadly, no record
has been found to elaborate on this piece
of radio history.
On August 28, future superintendent
Henry Larsen 21 was officially appointed
skipper and chief navigator of the vessel
(see Fig. 5). He remained her captain for
most of the remaining life of the ship. He
selected the ship’s radio operators, and
his autobiography and memoirs reveal
strong support and appreciation for the
operators and equipment. Larsen gained
a reputation as an outstanding Arctic
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Fig. 5. Henry Larsen, long-time captain of the
St. Roch. (Photo provided by Doreen Riedel
Larsen)

navigator, and after bringing the St. Roch
out of the Arctic in 1948, he followed a
highly successful career as superintendent with the RCMP, retiring in 1961.
Langton Bay, a protected harbour,
had been chosen as winter quarters. They
were able to winter-in early, built a frame
for the ship’s deck, and stretched canvas
over it. In mid-October, when they were
frozen-in, Sealey would have run antennas out onto the ice. As the only radio
operator, and theoretically on duty 24
hours a day, he would have taken the rare
opportunity to explore the surrounding
land. He and Larsen went on such a hike,
during which a strong wind came up, and
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they were unable to regain the ship. They
had to take shelter in an earth cave until
getting back in contact with the ship the
following day.
Sealey established the practice of contacting headquarters and exchanging
messages with other posts throughout
the North, and this was followed by successive operators. At first, he was not able
to communicate with Aklavik because
of the “skip” phenomena noted earlier,
but could communicate with Nottingham Island, 1,100 miles away in Hudson Strait. Messages were then sent to
Ottawa via that route.22 Sergeant Anderton, Officer in Charge of the St. Roch
detachment while in the ice, had Sealey
send his end-of-the-year (1929) report by
radio to headquarters. Instructions came
back from headquarters via Aklavik to
the ship. An example of such an instruction, in February 1929, was to send out
a patrol to search for two trappers who
had not been heard from.
On February 7, 1929, Sgt. Anderton wrote to the commanding officer on
Herschel Island with a glowing report
of the radio programs heard on their
Northern Electric broadcast receiver over
the winter. Radio station KDKA was the
most reliable, and radio station CKY,
Winnipeg, was consistent. They were
using an aerial of about 20 feet taken
from the masthead to a 16-foot pole on
the ice. Use of the radio was limited;
they had not been able to consistently
charge the wet cells and Fuller inert cells
as the auxiliary engine could not be run
continuously.23
Monitoring other stations was an
important part of maintaining contact

with ongoing events. Sealey was able
to intercept news from Aklavik about
the winter mail, and arrangements were
made to pick up the mail for the ship.
Good news often came by radio; for
example, Henry Larsen heard that he
had been promoted to corporal as of the
first of April.
Listening to radio broadcasts was a
major leisure-time activity for the ship’s
crew. At different times there was a radio
receiver in the forecastle and the radio
room, and this kept them up to date with
news from the outside world.
The Annual Report of the RCMP
(1930) states: “Broadcasts not of a confidential nature were broadcast from
St. Roch at Langton Bay to detachments.”
It further comments: “Two-way communication between settlements in the
North is perhaps not far distant.”
While Sealey was the sole official
radio operator on board the ship, Terry
Parsloe, a radio amateur, was also a crew
member on this initial voyage. He was to
spend several years at Bernard Harbour
in Coronation Gulf, from where he kept
in touch with the St. Roch when she overwintered in Tree River in the early 1930s.
After the ship returned to Vancouver,
arriving on September 23, 1929, Fred
Sealey left, but his recommendations for
improvements were implemented during
the refit. A new wireless room “aft of the
companionway” was built, resulting from
Sealey’s report that the radio room leaked
and was small, dark, and noisy.
He was then appointed as the first
officer in charge of the new station at
Coppermine, from where he made more
suggestions for communications in the
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Arctic. Sealey later became a radio inspector and retired as head of the DOT district office in Victoria in 1967. During
1930, Larsen mentions a radio hut at
Coppermine but its history is not known.
When the St. Roch left on its second,
and longest voyage (1930−4), the radio
operator was Herbie Holt. Unfortunately,
he contracted appendicitis and returned
to Vancouver when the ship reached
Dutch Harbour, Alaska. Crew member
Jim Davies acted as radio operator until
the ship reached Herschel Island, where
they waited for the new operator, John
Duke, to join them. He arrived, having
travelled part of the way by plane, and
the ship left immediately on a patrol and
resupply mission. Their summer duties
completed, they arrived on September 18,
1930, at Tree River, or Kuulugaaluk, on
Coronation Gulf, some 80 miles east of
Coppermine, where they spent the next
four winters. Once they were frozen-in
for the winter, they put up the masts for
the radio and stretched canvas over the
entire ship.
John Duke kept a diary documenting his radio work, his occasional fishing trips for dog food, his visits with
Fred Sealey (by then at Coppermine),
and visitors to the ship. Visitors such
as Richard Finnie,24 and perhaps also
crew members, had to pay tariffs to use
the radio. Duke mentions going ashore
at Coppermine to settle the accounts.
On October 1, 1930, Duke began
taking weather observations. Two-way
communications to this point had only
been CW, but having set up regular
schedules with Aklavik (VEF) and Coppermine (VBK), he began testing voice
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communications. He also copied the
press to bring news to the crew, and on
October 6, 1930, noted hearing about the
R101 crash, one of the worst airship accidents of the 1930s. During this time he
was in radio contact with Frank Riddle,
VEE, at Herschel Island.
On October 16 he mentions playing
chess. Later, playing chess by radio was
one of the leisure activities on the ship.
Once his antennas were set in the ice,
Duke began contacting radio amateurs,
initially in Canada and the United States.
From November 10, 1930, radio amateurs
in western Canada relayed messages from
the ship to family members in the south.
Often, these amateurs were located in the
hometowns of crew members. Charlie
Harris, in Edmonton, who dealt with
much of the traffic, was still handling
northern traffic into the mid-1950s.25
Duke’s crystals would have meant transmitting outside the amateur bands and,
as was the practice at the time, working
cross band (transmitting and receiving
on different radio frequency bands) with
amateurs.
Duke continued with the radio
broadcasts “not of a confidential nature”
begun by Sealey at Langton Bay. He
refers to these as “phone schedules,” perhaps to differentiate them from public
broadcasts. Duke would copy news from
CW circuits. Crew members, such as A.
H. Owen-Jones, would then “broadcast”
commentary and play music, perhaps
using the ship’s gramophone. These
“phone” transmissions were made several times a week at 2 p.m. and 7:55 p.m.
Duke, who had arrived in the North
by airplane, made a point of noting plane
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arrivals and departures there. For example, on March 9, 1931, Wop May arrived
by plane at Coppermine. On March 18,
the first winter plane left Aklavik. Duke
was later associated with King Edward
High School in Vancouver, well known
for its courses to prepare students to
become radio operators on board ship.
Jim Davies took over the radio duties
again for the 1933−34 season, after
which the ship returned south.
The years 1935−37 saw the St. Roch
head back into the Arctic, wintering
for two years at Cambridge Bay with
Tommy Welsh as the operator. During these years, radio networks such as
the Hudson’s Bay Company (HBC),
the RCMP, and government networks
expanded in the Arctic and some became
outstations of the NWT&Y network.
“Almost all traffic handled to and from
them was by voice as it was extremely difficult to procure capable civilian Morse
operators willing to work in such remote
areas.…” 26
The extensive HBC radio system in
the Arctic was started and maintained by
Donald Graham Sturrock (1914−1943).
He set up a radio station for company
use at Cambridge Bay in 1934 and used
it to communicate with the government
radio station at Coppermine. Sturrock
was in regular contact with the St. Roch
and played chess over the radio with the
crew.27 Sturrock enlisted when war was
declared and, sadly, was reported missing
and presumed killed on May 29, 1943.
The importance of the radio for keeping in touch with families is highlighted
in Henry Larsen’s autobiography, where
on November 6, 1935, he reports Tommy

Walsh delivering a telegram with the
news that he was a father–his daughter
Karen Doreen having been born two
days before in Vancouver.
In July 1936, for the first time, the
Commissioner of the RCMP, Sir James
MacBrien, travelled into the far north by
small floatplane and visited the ship. He
showed great understanding of the problems faced in the Arctic. While no decisions were taken, the idea of the St. Roch
completing the Northwest Passage, a
long-standing personal interest of Henry
Larsen, was broached during his visit.28
Ice conditions varied from year to
year, but the summer of 1937 was particularly bad and radio was to play a big
role. The ship was in a critical situation
in Coronation Gulf when they learned
that the HBC ship St. James was in difficulty. The two ships managed to get
loose and were drifting together. The
St. Roch survived but the St. James sank
on August 6, and the crew of the St. Roch
came to their aid.
For the 1938−39 season, the ship
was again sent to Cambridge Bay, with
radio operator V. R. Josephson, but the
ship was recalled to Vancouver with the
outbreak of World War II.
The War Years 1940−1945
During the war years, the St. Roch
accomplished its epic Northwest Passages as well as a short supply mission
in 1943 in the Eastern Arctic.
Leaving Vancouver on June 9, 1940,
the radio operator for the west-east transit was 21-year-old Edward “Dean” Hadley,29 the youngest member of the crew.
He was also the detachment clerk, whose
Volume 33, 2020

143

Wireless and the St. Roch: 1928−1950

duties included managing the paperwork associated with the detachment and
keeping track of stores. The radio cabin
was “aft [of the cabin for the skipper
and the detachment office]. On the port
side was the companion-way to the aft
quarters and the radio cabin.” 30
The radio situation for the five war
years was quite different from that in the
earlier period. In 1939, C. P. Edwards
had sent out a directive shutting down
amateur radio for the duration of the
war (see Fig. 6). Further, radio silence

was imposed on users of radio communications, although this does not appear
to have been seriously enforced in the
Arctic. It is unclear how much communications were permitted for the St. Roch.
During 1942, the RMS Nascopie was
sailing in the North and was said to be
under mandatory radio silence. The HBC
posts were not regulated, however, on
the theory that the Axis powers already
knew where they were.31
The winter of 1940 was spent frozenin at Walker Bay, from where Hadley

Fig. 6. Suspension of amateur radio licences September 5, 1939. (Radioalumni.ca)
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regularly exchanged communications
with Bill McLean, the DOT operator at
Coppermine (VBK). Without amateur
radio, personal messages were also sent,
but paying for them was a problem. Hadley wrote: “I charged the cost of the personal messages to my personal account
with the Bank of Montreal and collected
from the crew when we got ‘outside.’”
Radio broadcasts, both reception
and transmission, were an important
part of Hadley’s work on this voyage,
particularly in the winter of 1940. The
news from Europe was of great interest
to those crew members with family connections in European countries.
The St. Roch still held its broadcast
licence, VGSR, and would broadcast
occasional news and music on 670 kHz.
Although there was no regular schedule,
listeners would be forewarned by shortwave that there would be a broadcast.
The Northern Messenger Service could
be heard on Saturday evenings. Messages
could be sent to Churchill, Manitoba,
and retransmitted over land lines to the
outside. Brief one-minute messages could
be sent via Messenger and the crew could
hear familiar voices from the south on
board the ship.
Connections with family were particularly welcomed at Christmas, and on
Christmas Day, 1940, the climax of the
simple celebrations aboard the St. Roch
came when Dean Hadley began picking
up messages on the ship’s radio. Sgt. Farrar wrote: “Each of us heard a recorded
message from someone we knew.” 32
Larsen had made every effort to
complete the eastern voyage through the
Northwest Passage but the ice won the

battle, and on September 11, 1941, “Preparations were then made to spend the
winter in Pasley Bay, close to the North
Magnetic Pole on Boothia Peninsula, and
the news was radioed outside.” 33
During the winter of 1941, frozen-in
at Pasley Bay, their official work, managed by radio messages, continued. For
example, they received orders to carry
out a census of the region during the
winter. Radio communications with
other stations in the Arctic was important. For example, in January 1942 they
received a message that John Friederich
was leaving from Cambridge Bay to
visit the ship in Pasley Bay. A month
later, when he had not arrived, Hadley,
monitoring messages between Cambridge Bay and Ottawa, learned that
Friederich had appendicitis–the major
fear of anyone who lived in the Arctic.
A plane was found in Ontario, which
homed in on the radio signal at Cambridge Bay, and Friederich was flown to
Fort Smith, where he was operated on
and subsequently recovered.
Once free of the ice in the summer
of 1942, the ship completed its transit of
the Northwest Passage, arriving in Halifax, Nova Scotia, on October 11, 1942.
The winter of 1942−43 was spent in
Halifax, and in 1943 the ship took on a
three-month voyage of supply to RCMP
detachments in the Eastern Arctic.
In preparation for its 1944 voyage,
returning to Vancouver via the northern route of the Northwest Passage, the
St. Roch went through a refit at Dartmouth, NS, sixteen years from its launch
date. Despite the financial restrictions
of the war, a much larger deckhouse
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and individual cabins for the crew were
constructed, as well as an upgrade of
the power plant and the installation of
navigational equipment. They sailed
from Dartmouth shipyards on July 19,
1944. By now electronic direction finding had become part of the navigation
aids on the vessel. On this trip, Larsen
mentions, around August 2, 1944, they
obtained a radio bearing from Resolution Island (a station they had contacted
in the 1930s from Tree River). Having
reached Holman Island on September
4, 1944, “Larsen received radio instructions from Ottawa to proceed outside to
Vancouver and to complete the coast-tocoast voyage if he could.” 34
Some of the correspondence from
the St. Roch was sent via one of the land
stations over public communications
circuits. An example is a message sent
via Coppermine on September 6, 1944.
Numbers were substituted for place
names; in this case, Walker Bay was
“number fifteen.” 35
Later in the voyage, when there was a
danger that they might not get through,
they were in radio contact with Point
Barrow and learned that the ice pack was
solid to the shore and that the season was
the worst in years. Larsen had to weigh
the information from the radio stations
against his own lifetime judgement and
experience—finding their way through
the ice, and thus completing their amazing 86-day passage, arriving at Vancouver on October 16, 1944.
The Post-War Voyages 1945−50
Post-war, 1945−46, the ship returned
from Vancouver to its old location at
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Cambridge Bay, arriving about the middle of September 1945, where it continued its usual duties. Log entries for their
voyage around Alaska show that radio
reports were becoming a useful asset,
always recognizing that the navigational
skills of the captain were paramount.
For example, the ship’s log of July 22,
1945, reads “Anchored off Wainwright,
Alaska…. Wireless report from Point
Barrow that heavy ice is solid at that
point. Ice coming in on the shoreline
at 18:00.” Again, in the ship’s log for
July 26: “Further wireless report received
from Point Barrow that heavy ice is still
packed solid to the shoreline.”
Henry Larsen wrote in his report
about the Northwest Passage 1940−1942
and 1944: “Whilst there, we acted as a
wireless station and assisted the planes as
a radio beacon supporting the Exercise
Muskox.” 36
Operation Muskox, carried out in the
early part of 1946, was a military exercise organized by the Canadian Army
involving 48 members of the Army
driving 11, 4½-ton Canadian-designed
snowmobiles. They were joined by three
American observers in an Americanmade snowmobile called a “Weasel”
as well as an observer from the Royal
Canadian Navy and a number of scientists. The Royal Canadian Air Force provided airdrops of supplies. The mission
of Muskox was to test the mobility of a
small air-supported mechanized force in
the Arctic in winter. The exercise team
arrived at the St. Roch at Cambridge Bay
on March 15, 1946. They stayed for about
a week, changing engines and tracks on
their vehicles. During this week, military
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aircraft landed at Cambridge Bay and
communicated with the ship on her
“guard frequency” of 6.24 MHz.
One of the experts with “Muskox”
was Larsen’s old friend Frank Riddle,
who had been a corporal in 1928 at Herschel Island, a sergeant at Tuktoyaktuk,
and was now a major with the RCC.
Larsen describes him as “one of the
most versatile and practical men in that
undertaking.” 37
Aircraft flying in the area needed
a beacon for navigation purposes, and
the St. Roch was a natural place for it.
However, operator L. C. Smith was alone
and could not possibly provide 24-hour
service. Smith solved the problem by
building a beacon. He rigged up the
motor of an old electric gramophone
with a contraption of a disk of plywood
and pulleys using heavy rubber bands to
obtain the proper speed and tension. The
disk was notched with Morse characters
signalling VGSR. Several of the visitors
came on board to see the beacon and
found it hard to believe that they had
tuned in on this contraption.
This, the fourth winter spent at Cambridge Bay, was their longest and coldest.
Radio operator L. C. Smith wrote of
the bitter cold: “When tightening up
the rivets on the boat plates, the rivets
were so brittle you had to be careful with
a hammer not to hit too hard as they
would go right through.” 38
Larsen wrote that Cambridge Bay
was changed forever that year. To meet
a requirement for long-range navigation
in the Arctic, the area was surveyed to
find a location for Loran towers. Loran
used a frequency of 180 kHz and its

transmissions would follow the curvature of the earth. When operational, very
tall antennas were needed, and as part of
Operation Beetle, free-standing towers
633 feet high were erected at Cambridge
Bay, NWT; Skull Cliff/Barrow, Alaska;
and at Kittigazuit, NWT.
Smith, who continued the practice
of reporting on the outside news, noted
that he would search out the results of
horse races in the south. He later became
the operator of a horse ranch at Lac La
Hache.
They left Cambridge Bay in August,
and on the return trip to Vancouver, Captain Larsen was arrested and
detained overnight by the Russians
when he anchored off Large Diomede
Island. For once radio let them down.
They had been unable to communicate
with the Russians by radio and had to
resort to semaphore—a skill no longer
known to radio operators. They arrived
in Vancouver on September 26, 1946,
thus completing their eleventh winter
in the ice.
The ship wintered over at Herschel
Island in 1947−48, having supplied
detachments in the Western Arctic. Most
of the crew were flown out for Christmas.
On her return to Vancouver, the St. Roch
was laid up.
On January 25, 1949, it was decided
that the Naval Department, which was
already overhauling the vessel, would
take over responsibility for the radio
equipment, bringing to an end an
arrangement with Department of Transport, which had lasted since 1928.39
In 1950, the St. Roch sailed from Vancouver to Halifax by way of the Panama
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Canal, becoming the first ship to circumnavigate North America.
In 1954, with Henry Larsen again
in command, the St. Roch returned to
Vancouver by way of the Panama Canal
for preservation as a museum vessel.40
The Radio Infrastructure
Power Sources
Henry Larsen, in The Big Ship, wrote that
the original ship had an auxiliary 8 hp
gas engine that was used for the wireless
transmitter and smaller loads.
Batteries were charged from
1928−1943 by a 150 hp, six cylinder,
four cycle, Union Diesel power plant.
An auxiliary engine, a Russel Newbury
diesel engine Type D2, 18 hp at 1,000
rpm, was added in 1940. It drove a 3.4
kW Pratt and Whitney generator at
1,000 rpm, which produced 110 volts
at 31 amps used for battery charging.
These generators carried, among other
loads, one set of Hart batteries–56 cells
in series–110 volt C.K.Y. type 15 plates,
14 trays.41 A model 301 ammeter was
used to monitor battery charging current. During the winters from 1940−42,
they charged the batteries every five days
to provide lighting and power for the
transmitters.
Sixteen years after being launched,
St. Roch was refitted at Dartmouth,
NS, in preparation for her 1944 voyage. The 150 hp diesel engine was
replaced with a 300 hp diesel, a battery
charger was installed in the radio room,
and a new battery bank on a platform
in the engine room. A small gasoline
auxiliary engine was used to charge the
batteries. This allowed the crew to use
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the radios and other electrical devices
without running the main engine.
Gradual improvements to the propulsion equipment of the St. Roch had
been made by 1945. The main engine of
the schooner was a Union Diesel model
55, with 300 hp, which drove the ship’s
main generator, a 5 kW Electric Tamper
and Equipment Company, at 120 volts,
42 amps.
Equipment

Shortly after being launched, the ship
was fitted with a Canadian Marconi
100W4 main transmitter and a 100 watt,
medium wave (375 to 1,428 kHz) unit
used for ship-to-ship or ship-to-shore
work. Also installed was a 50 watt shortwave experimental transmitter; this was
an HF set for communicating with stations beyond the range of the main set,
such as the area around Hudson Bay,
or possibly Ottawa (see Fig. 7). In the
1928 to 1932 period, three receivers were
installed covering, in all, a frequency
range from 15 meters to 20,000 meters.
Two of these receivers were an MST
tuner with MSA amplifier and a Canadian Marconi 4VSW-6 receiver. The
third receiver type remains unknown. It
should be noted that although the wireless equipment was state of the art for
1928, the ship lacked navigational aids
(a functional gyro and an echo sounder)
and was thus heavily dependent on the
navigational skills of Captain Larsen.
When Sealey reported for duty on
the ship in the summer of 1928, he had
to prepare a requisition for radio supplies for the running of the ship’s station. This included items such as spare
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Fig. 7. St. Roch radio gear 1928−29. (Source: Parks Canada St. Roch photograph collection, HSIN-20-03)

tubes, headsets, a voltmeter, multiple
plugs, insulators, lightning arrestors,
copper wire, and a radio set (which
one assumes was additional to the one
already installed). In the same requisition
he asked for four “Layerbilt B-25 batteries, 28 Fuller inert cells, and a radio
loudspeaker.” The next day he added
more tools. For his reference library, he
purchased Radio Aids to Navigation and
a radio licence book. He later submitted
a requisition for batteries and radio components for the 1929 season (see Fig. 8).
In the spring of 1936, the St. Roch
wireless office was supplied with a General Radio model 358 wavemeter. In
1938, an order was placed for the acquisition of an HRO standard receiver to
cover the frequency range of 1.7 to 30
MHz. This also included an unspecified transmitter (similar to the Marconi
200PT) to operate on 6.31 and 12.32

MHz. On the 1940−42 voyage, Hadley
describes using for broadcasting a modified Marconi 100W4. A modulator was

Fig. 8. St. Roch radio gear 1930−33. (Source:
Parks Canada St. Roch photograph collection,
HSIN-30-02)
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added to the transmitter using a pair of
204 vacuum tubes.
In 1944, prior to the St. Roch’s westeast Northwest Passage transit, the Marconi 100W4 transmitter was replaced with
the Marconi LTT-4 transmitter (which
is currently installed on the ship at the
Vancouver Maritime Museum (VMM)).
Other equipment at this time was:
■■ Marconi 200PT transmitter. This
was the main transmitter.
■■ National HRO receiver. This was
the main receiver. A new Vibrapack
power supply was replaced just prior
to the voyage.
■■ Marconi 3V SW-5 receiver. This was
the emergency receiver. Marconi
receivers in the model range of 3V
SW-x (three valve, shortwave) covered
100 kHz to 21 MHz.
In 1947, the Marconi 200PT transmitter was replaced with a Collins
32RA-8 transmitter. This then became
the main transmitter until replaced with
a Canadian Marconi CM11 transmitter
in 1951. This was the last transmitter to
be installed, and it was removed when
the vessel was reconfigured to its 1944
state.
In June 1949, the Marconi 200PT4C transmitter was decommissioned.
That same month, the Marconi 150PT3
transmitter, which had been replaced
by a Collins transmitter, was declared
surplus. A Bendix DR-5B depth sounder
was also fitted to the ship in 1951.
An LN-16 X-band radar, designed
and developed by the National Research
Council, was built by Canadian Marconi.
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The set was fitted in 1954 as a navigation
aid for the trip from Halifax to Vancouver through the Panama Canal. This was
to be the last voyage for the St. Roch.
Antennas

Photos of the ship in 1928 show it was
equipped with a “cage” antenna–a conductor made of several wires held apart
by wooden spreaders–popular in the
1920s and similar to the antenna used
by Fred Barnsley mentioned earlier (see
Fig. 9). Sealey requisitioned wire and
insulators, no doubt for the antennas
they intended to erect on the ice when
the ship was in its winter quarters. A
requisition for radio equipment specifically states that no antennas or masts
were required. Given the orders that
“strict economy is to be exercised in the
purchase of supplies,” the cost of commercial antennas may well have been
prohibitive. A pair of Marconi 70 foot
masts in 1921 was $1,180.
On the second voyage, John Duke
went to great lengths to erect antennas while frozen-in at Tree River.
After some early difficulties when his
antenna masts had shifted with the ice,
he described his antenna on November
1, 1930, as “Southwest pole 40 feet high,
aerial 64'8½", feeders off 6'2½" from
centre, spaced 14" apart” (see Fig. 10).
This antenna setup lasted well into June
1931. On June 11 he overhauled the ship’s
antenna–lengthening the aerial by one
foot and resetting the guy wires. He also
installed an aerial counterpoise on deck
for 23.4 meters, the ship still being in
solid ice at the time. The ship left Tree
River on July 14.
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Hadley, from 1940 to 1942, adds
another dimension to the antenna story,
describing his first time up the mast to

check the antennas as a “unique experience. All the things you might need to
make repairs, you take with you, then

Fig. 9. St. Roch in 1928 showing the cage antenna. (Source: City of Vancouver Archives, public
domain, AM54-54 BoN243)

Fig. 10. Antennas on the St. Roch in the ice at Tree River. (Source: Parks Canada St. Roch photograph collection, HSFR-30-12)
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either climb up the rigging or use a
bosun’s chair to get up high enough to
reach the antenna yardarm…the motion
of the ship is amplified as you go higher
and the view is spectacular.”
Finally, the antennas were reconfigured during the 1944 refit and can be
seen in Fig. 11.
Prologue
In 1954, the St. Roch was sold to the
City of Vancouver. The schooner is now
a National Historic Site and the main
attraction at the Vancouver Maritime
Museum.
Wireless and aviation had opened up
the Arctic during the operational lifetime of the St. Roch. Her mission was
accomplished and her Arctic days were

over. The two decades after 1954 were
the heyday of HF radio communications in the North. Even the smallest
community could boast of at least one
radio station, and every community was
festooned with antennas. This era came
to an end early in 1972, when satellite
communications came to the North and
dishes replaced wire antennas.
Ernie Lyall, who spent 65 years in the
North and knew the St. Roch well, wrote:
“There was no such thing as voice radio
early on, so we had to learn the key. We
started out with Morse code on the radio
to send and receive all our messages.…
By 1949 [at Spence Bay] we had radios.
There was a two-way radio at the post,
but we had an ordinary receiving set in
our home too. What I liked listening to

Fig. 11. St. Roch antennas after 1944 refit. (Source: City of Vancouver Archives, public domain,
AM54-54 LP143)
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especially was any news about people in
the North–anything about the Mounties
in the North, or anything at all to do
with the North.” 42
When Henry Larsen was at Cambridge Bay in 1946, he remarked on the
changes that were afoot for the community. A major Loran installation was
being planned which led to three 633foot freestanding towers being erected
at Barrow, Cambridge Bay, and between
the two, at Kittigazuit. Technology
passed them by, and finally all that was
left was the tower at Cambridge Bay–a
landmark and the tallest structure in
the territories (see Fig. 12). In August
2014, the tower was taken down as being
structurally unsound.
The last surviving member of the
St. Roch crew was radio operator Dean
Hadley, who passed away on July 13,
2018. He had been the radio operator
on the ship on its epic voyage through
the Northwest passages, west to east, in
1941−43. See also the VGSR nameplate
(see Fig. 13).

Fig. 12. The 633-foot self-supporting
tower at Cambridge Bay. (Author’s collection, credit Judith Banning)

Fig. 13. Nameplate showing VGSR, callsign of the St. Roch. (Source: Vancouver Maritime Museum,
2004.1366.0001)
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Postscript
Background on the voyages of the
St. Roch, as well as a large annotated bibliography may be found at the Vancouver
Maritime Museum St. Roch Collection
at: https://www.vancouvermaritime
museum.com/sites/default/files/st.
_roch_research_collection_2015.pdf.
Abbreviated bibliographical references
are given in the endnotes.
Additional technical information
about the radios used aboard the St. Roch
can be found here: http://jproc.ca/ve3fab
/st_roch.html; this document contains
links to the bibliography and other documents of potential interest.
The authors have made every effort
to acknowledge and credit all sources
but some remain unknown. The authors
would be pleased to acknowledge and
correct omissions or errors.
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An Examination of Alexander Popov’s
Priority for the Invention of
Radiotelegraphy
© 2020 Eric P. Wenaas
In 1925, a representative of the Soviet Union, Victor Gabel, publically claimed that
Alexander Popov had priority in the invention of radio (i.e., radiotelegraphy) based on
a presentation that Popov made at a meeting of the Russian Physico-Chemical Society
on May 7, 1895. Gabel claimed that Popov had transmitted a telegraphic message with
the words “Heinrich Hertz” to a conference room at the Society meeting using a source
of electromagnetic waves located at a distance of 40 meters away. To celebrate the
thirtieth anniversary of Popov’s accomplishment, a special issue of the venerable Russian electrical journal, Electricity (Elektrichestvo), was published in April 1925. However,
Popov did not document his work with laboratory notes, and no contemporaneous
publications have ever been produced to support this claim. In a publication dated
January 1896, Popov did document his development of a storm detector that detected
electromagnetic energy generated by atmospheric electricity, but he never claimed that
he received telegraphic messages with his apparatus. In 1963, Charles Süsskind, a senior
member of the Institute of Radio Engineers (IRE), thoroughly investigated the priority of
Popov in discovering the radiotelegraph and found there was a weak basis, if any, for
such a claim—as compared with claims on behalf of Guglielmo Marconi. The present
examination of Popov’s priority extends that of Süsskind by analyzing new sources not
cited by him, most significantly an astonishing lost letter written to Eugène Ducretet
by Popov dated January 23, 1898. In this letter, Popov documented all of his activities
related to Hertzian radiation and wireless telegraphy from inception in 1895 up to the
date of the letter. The firm conclusion, supported by all known facts, is that there is no
basis whatsoever for the claims made on behalf of Popov for priority for the invention
of radiotelegraphy or a radiotelegraph system. Nevertheless, claims of Popov’s priority,
originally promoted by Soviet Russia, continue to be promoted by Russia and a number
of historians today, despite the fact there is virtually no supporting evidence. Claims
that Popov invented radio in 1895 represent a thinly veiled attempt on the part of these
apparatchiks (political officials) to assert a false claim over an unproven technical first.
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Introduction
The purpose of this paper is to evaluate
the priority of Alexander Stepanovich
Popov1 (see Fig. 1) for the invention of
radio, or more specifically for the invention of a practical radiotelegraph system.
The first serious claim for Popov’s priority was made in May 1925 by Victor
Gabel, a representative of the Soviet
Union, who wrote the editor of the Wireless World in London a letter intended
for publication, which stated that May
7 marked the thirtieth anniversary of
the day on May 7, 1895, when Alexander Stepanovich Popov made the first

successful transmission of a communication by electromagnetic waves to a meeting of the Physico-Chemical Society.
In 1945, the Soviet Union announced
that May 7 had been set aside to be
celebrated as “Radio Day” and reasserted that Popov had precedence over
Marconi, who they said produced his
apparatus by drawing on the Russian
scientist’s invention.
It has been stated many times that
whoever is accorded priority for an
invention depends on the definition
of the invention and the criteria used
to establish the priority date. In this
case, the invention is now
characterized as “radio,” a
term that did not exist at the
time of its invention. Prior
to the “invention of radio,”
which indisputably occurred
in the nineteenth century,
there were three methods
of transmitting intelligence
by electrical means without
interconnecting wires, all of
which were characterized as
“wireless.” The three methods were conduction, quasistatic electric-field induction
(a.k.a., “electric-field induction”), and quasi-static magnetic-field induction (a.k.a.,
“magnetic-field induction”).
These three methods of
wireless communication of
intelligence had one thing
in common—they were all
short-range methods that
functioned over distances
Fig. 1. Portrait of Alexander Stepanovich Popov (1859-1905).
(Look and Learn, Elgar Collection)
of a few miles or less.
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A new method of transmitting
intelligence using propagating electromagnetic waves, first characterized as
Hertzian wave telegraphy in the 1890s,
held the promise of transmitting intelligence to much longer distances than
all previous methods of wireless tele
graphy. The terms “radiotelegraphy” and
“radiotelephony” were first introduced in
the early 1900s to distinguish between
the newly discovered method of wireless
communication using Hertzian waves
and all previous methods. Over time,
the distinction between radiotelegraphy (by Morse code) and radiotelephony
(by voice, music, and sound effects) was
dropped, and the term for transmitting
and receiving intelligence by propagating
electromagnetic waves was shortened to
the word “radio.”
From the outset, it must be understood that the use of Hertzian radiation for transmission of intelligence
was not invented any more than the
use of light waves for illumination was
invented. A fundamental property of
electromagnetic radiation, regardless of
its frequency, is that it can be modulated
to transmit intelligence without wires
to some distance at some data rate, and
that it can be detected by an appropriate receiver. This fact was known well
before Maxwell and Hertz. Therefore,
the issue is not, “Who has precedence
in the invention of radio?” The issue is,
“Who has precedence for inventing a
practical system for communicating
intelligence to useful distances at useful
data rates by employing Hertzian waves,
now known as propagating electromagnetic radiation?”

Criteria for Establishing Priority

The gold standard for determining priority of invention has always been the
first to publish adequate documentary
evidence to prove claims made, or in
the case of unpublished documents, the
first to document adequate evidence in
the form of appropriate and dated laboratory notes or other papers. In the case
of radiotelegraphy, the documentation
and demonstration of a complete system, including both a transmitter and
receiver of intelligence, at a rate and distance commensurate with a practical
application is required. Transmitting
and receiving electromagnetic signals
without intelligence does not constitute
invention of a radiotelegraphic system.
Heinrich Hertz, Edward Branly, and Jagadish Chandra Bose all sent and received
electromagnetic signals over short distances, but none of the three claimed
that they had transmitted intelligence
(i.e., messages) to any distance prior
to Guglielmo Marconi’s documented
disclosures of transmitting messages to
longer distances than anyone before him
using Hertzian waves.
Marconi’s work represents the gold
standard for his witnessed and documented contributions to the invention of
a radiotelegraphic system, and so a necessary (but not necessarily sufficient) condition for according Popov precedence
in the discovery of a practical radiotelegraphic system is that his accomplishments must have been documented and
must have preceded the corresponding
accomplishments of Marconi. The key
dates for Marconi’s documented descriptions and demonstrations of a complete
Volume 33, 2020
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Table 1. Key dates for Marconi’s documented accomplishments
in developing a practical radiotelegraphic system.

radiotelegraphic system capable of sending messages to practical distances and
practical data rates are shown in Table 1.
Differences in Russian Versus Western
Calendars Prior to 1918

The dates used in original Russian
documents published before 1918 can
be a source of confusion because Russia used the Julian calendar prior to
February 14, 1918, whereas most other
countries used the Gregorian calendar.
As a result, the dates of Russian documents published between February 18,
1800, and February 14, 1918, lag behind
the corresponding dates on Gregorian
calendars by 12 days. For example, the
date of the first documented meeting at
which Popov presented his storm detector in Russia was April 25, 1895, a day
which was recognized in most other
countries of the world as May 7, 1895.
By convention, when there is possible
confusion about which calendar is used
for a specific date before 1918, a date
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corresponding to the older Julian calendar is indicated by adding “O.S.” for “old
style,” while a date corresponding to the
newer Gregorian calendar is indicated by
adding “N.S.” for “new style.” Thus, an
all-important meeting that occurred in
Russia on April 25, 1895, O.S., occurred
on May 7, 1895, in most other countries
of the world. All dates without a style
notation will correspond to the Gregorian (new style) calendar, so the notation
N.S. will not be needed here.
Previous Investigations into Popov’s
Priority for the Invention of Radio

The case for Popov’s priority in the invention of a radio system has been made
almost exclusively by fellow Russian historians and scientists (and perhaps some
from Eastern Europe), but a number of
these accounts appear to be tainted by
patriotic motivations. Many historians
believe that the most complete and balanced study of Popov’s contributions
to the discovery of radio was published

Wenaas

in 1963 by the noted author and historian, Charles Süsskind. He was born in
Prague, Czechoslovakia, on August 19,
1921, and he did not have a compatriot
competing as a potential candidate for
precedence in the invention of radio.
His study was performed under the auspices of the Institute of Radio Engineers
(IRE). Süsskind concluded that “Popov
cannot be said to have ‘invented radio,’
since he did not describe in print his use
of his equipment for the transmission
of intelligence before Marconi’s patent
application of June 2, 1896.” 2
This statement is actually very weak.
A much stronger statement can now be
made based on documents found while
researching this article that were not cited
by Süsskind. The most important discovery was the original letter that Popov
sent to Eugène Ducretet in early 1898,
in which he detailed the designs and

experimental results for his work with
electromagnetic apparatus from inception in 1894, based on Oliver Lodge’s
publications, to January 23, 1898, the
date of his letter to Ducretet. Popov provided numerous drawings and circuit diagrams of his equipment with this letter.
Article Organization

This article is divided into three parts.
Part I provides detailed accounts of Popov’s contributions to the development of
radio and addresses the issues associated
with conflicting accounts. Part II provides analyses to resolve certain of the
issues and conflicting accounts identified
in Part I. Part III consists of a summary
and conclusion section, which ties all of
the issues and loose ends together and
concisely explains why Popov does not
have precedence in the discovery of a
practical radiotelegraph system.

PART I. POPOV’S CONTRIBUTIONS TO THE DEVELOPMENT OF RADIO
The story of Popov’s contributions to
the development of radio begins in
mid-1894, a time when Popov was an
instructor at the Imperial Russian Navy’s
Torpedo School. The school was located
at the town of Kronstadt (Kronshtadt) on
the island of Kotlin, which is situated in
a bay just west of St. Petersburg. It was
sometime in 1894 that Popov read an
account of a lecture entitled “The Work
of Hertz,” which was given by British
scientist Oliver Lodge at the Royal Institution on June 1, 1894. Popov claimed
that he read the written version of this

lecture that was serialized in Volume
33 of the Electrician (London) between
June 8 and June 22, 1894.3 As a result,
Popov became interested in exploring
applications of the coherer. He began to
reproduce the experiments described by
Lodge and the French professor, Édouard
Branly, who is often credited with the
discovery of the coherer used in radiotelegraphy (a.k.a., radio conductor in
France).4
Based on Lodge’s work, Popov improved Branly’s coherer to make one
that was more reliable and sensitive. He
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then improved on Lodge’s method of
automatically returning the coherer to
a sensitive state, which required tapping
the coherer after each received electrical
impulse. Popov developed an automatic
“tapper-back” concept using the hammer
of an ordinary doorbell to tap the coherer
each time an electrical pulse was sensed
by the coherer. At the same time, the
bell hammer rang the bell to announce
the detection of electrical events that
activated the coherer. Finally, Popov
developed a storm detector by adding
an antenna to his tapper-back receiver
to detect atmospheric electricity, and a
recorder made by the firm of Richard
Brothers of Paris to record the electrical
events. Richard Brothers specialized in
instruments used to record meteorological events over long periods of time, such

as barometric pressure and humidity.
One example of a Richard Brothers cylindrical recorder that used a stylus pen
and ink similar to the type that Popov
used is shown in Fig. 2.
By December 1895, Popov had completed a paper describing the development and testing of his apparatus: an
improved coherer, a receiver with a tapper-back mechanism (but no antenna or
recorder), and his storm detector with
the antenna and recorder. This paper
dated December 1895 was subsequently
published in the Russian Journal of Physics and Chemistry in January of 1896.5
Popov’s January 1896 paper is of considerable interest because it contained
a schematic diagram of his tapper-back
apparatus (see Fig. 3), which looked
remarkably like Marconi’s telegraph

Fig. 2. Richard Brothers of Paris made a line of registers or recorders for meteorological applications such as this barograph used for recording atmospheric pressure over periods of weeks or
months. (Museum of Applied Arts and Sciences, Australia)
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Marconi’s receiver is a reproduction of
my lightning recorder.”
Based on Popov’s 1896 publication
and his letter to the Electrician, Popov
enthusiasts have argued the following:
(1) Popov’s receiver was essentially the
same as Marconi’s receiver,

Fig. 3. Popov’s tapper-back apparatus first
appeared in his seminal storm detector paper
published in January 1896, almost a year before
Marconi’s radiotelegraph receiver was first documented in his seminal U.S. Hertzian telegraph
system patent application dated December 7,
1896. (J. Russ. Phys.-Chem. Jan. 1896, p. 8)

receiver apparatus, although it was considerably different. Popov’s 1896 publication is notable, primarily because
the schematic of Popov’s tapper-back
receiver was published almost a year
before Marconi documented a schematic of his telegraphy receiver, which
first appeared in his application for U.S.
patent 586,193 dated December 7, 1896.
A description of Marconi’s radiotelegraphic receiver was not made public
until June 1897, when William Preece,
Engineer-in-Chief of the British General Post Office, made a presentation of
Marconi’s work to the Royal Institution
on June 4, 1897, a summary of which
subsequently appeared in the Electrician
on June 11, 1897.6 After Popov learned
of Marconi’s receiver, he wrote a letter
to the editor of the Electrician, which
was published on December 10, 1897.
It stated in part: “…the arrangement of

(2) Popov’s source, a Hertz oscillator
powered by an induction coil, was
essentially the same as the source
used by Marconi, and
(3) Since Popov published his results
a year before Marconi using very
similar apparatus, Popov had precedence for the discovery of radio (i.e.,
a radiotelegraph system).
This argument has a certain appeal,
but only if these claims are not examined too closely. These claims made by
Popov’s adherents are controversial, to say
the least, and will be examined in more
detail in the rest of this paper. Consider
the following rebuttals to these claims:
(1) Despite the fact that the tapper-back
mechanisms used in Marconi’s telegraph receiver and Popov’s storm
recorder appeared to be similar (both
were derived independently from
Lodge’s two tapper-back concepts),
the applications, functional requirements, and the designs of the two
receivers were completely different.
(2) The receive and transmit antennas,
which constituted a critical part of
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Marconi’s radiotelegraph receiver and
transmitter, were entirely different
from the ineffective antenna system
used by Popov. Popov used short
dipole radiators with wavelengths
on the order of few meters for all his
sources. Short wavelengths turn out
to be very inefficient for long-distance
telegraphy with spark sources. Furthermore, the antennas Popov used
on his receivers were not tuned to
the same wavelength as the transmitters. Because of the short wavelengths and non-resonant antennas,
the range of Popov’s apparatus was
far less than Marconi’s apparatus,
which consisted of long monopole
antennas for both his receiver and
transmitter, and both were resonant
at the same wavelength.
(3) Popov admitted in his January 1896
publication that his storm detector
would have to be modified in unspecified ways to be useful for telegraphic
purposes, and he also asserted that
much larger sources than he had used
must be found. In essence, he admitted that his storm detector was not a
radiotelegraph receiver and that his
Hertzian vibrator sources were not
sufficiently powerful to reach practical distances. These two assertions by
Popov himself are sufficient to deny
Popov precedence in the discovery
of a practical radiotelegraph system.
(4) Last but not least, Popov never
claimed that he sent a message
with his apparatus prior to the time
in 1897 that Marconi sent many
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messages to much longer distances
than anyone before him, and there is
absolutely no documentary evidence
to support claims that Popov did.
This is yet another reason for denying
Popov precedence for the discovery
of a practical radiotelegraph system.
The claims and counterclaims identified above are the focus of this paper as
the key events and associated dates for
Popov’s contributions to the development of a radiotelegraph system, summarized in Table 2, are examined. This
table forms a roadmap for Part I, which
is divided into eleven main sections corresponding to the eleven entries in the
table.
Popov Introduces His Storm
Detector (May 7, 1895; April 25, O.S.)
Popov introduced the status of his
research based on Branly’s coherer and
Lodge’s “tapping-back stimulus” at
a meeting of the Physico-Chemistry
Society on May 7, 1895. His presentation entitled “On the Relation of Metal
Powders to Electrical Oscillations” was
memorialized in “Item 3” of the “Minutes” of the Society, and the minutes
were published in the Society’s journal
soon after the meeting.7 These minutes
were published in English for the first
time in 1957 (see Sidebar, “Item 3, Minutes” 8) when G. Yankovsky translated
M. Radovsky’s book entitled Alexander
Popov, Inventor of Radio, which was published in Russian.
The title of Popov’s 1895 paper
indicates that the focus of his lecture
was on the developing an improved
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Table 2. Key events and dates that bear on Popov’s contributions
to the invention of a radiotelegraph system.

Branly’s coherer. However, the minutes
also indicate that Popov “constructed an
instrument designed to indicate rapid
oscillations of atmospheric electricity,”
an instrument characterized as a “storm
detector.” The minutes end by stating
that Popov “demonstrated the instrument just described and also the main
experiments in the variation of the resistances of the various powders caused by
electrical oscillations.”
Note there is no mention of radiotelegraphy or demonstrations of communication of intelligence in the minutes.
However, five days after the meeting,
on April 30, 1895 (O.S.), an article was

placed in the Kronstadt Herald newspaper that reported Popov’s address. The
article concluded: “The occasion for all
these experiments is the theoretical possibility of signalization over considerable distances without wires, similar to
that of the optical telegraph, but with
the aid of electric rays.” 9 This article,
published in the local newspaper, not
only indicated that Popov was interested
in radiotelegraphy, but it also clearly
shows that there was no prohibition on
Popov and his colleagues restricting the
publication of their objectives and the
details of their radiotelegraphy activities
at this time.
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Popov Publishes a Paper Describing
His Coherer, Tapper-back Apparatus,
and Storm Detector (Jan. 1896)
Popov continued to develop and test his
apparatus after the Society meeting on
May 7, 1895. After the meeting, most of
his activities focused on completing the
development and testing of his storm
detector at the Meteorological Observatory of the Institute of Forestry in St.
Petersburg. In December 1896, Popov
completed a report documenting all of
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his previous work on his Hertzian apparatus, which was published in a paper
appearing in the Journal of the Russian
Physico-Chemical Society entitled “Apparatus for the Detection and Registration
of Electrical Vibrations.” 10 Popov’s paper
was not widely disseminated outside of
Russia. A one-page abstract appearing in
the French publication Journal de Physique in November 1897 was the first
known reference to this paper outside of
Russia.11 This article was not published

Wenaas

in English until five years later when it
was translated by editors of the Electrical
Review (London) and serialized in two
of its November 1900 issues.12
Popov stated in his paper that he used
his apparatus for both lecture demonstrations and as a receiver for his storm
detector. His paper addressed three different aspects of this apparatus:
(1) The development and testing of a
more sensitive and reliable coherer,
(2) The development of his tapper-back
receiver and the associated sensitivity
and range tests that were carried out
at the Torpedo School, and
(3) The development of his storm detector and the operational testing that
began in the latter part of July and
continued until mid-October 1895
under the direction of M. A. Luboslavsky at the Institute of Forestry.
Each of these aspects of Popov’s apparatus is summarized in the next three
titled subsections.
Coherer Development and Testing

After Popov tested a coherer similar to
the one described in the literature by
Lodge and Branly, he set out to develop
a coherer that was “more sensitive” and
had “sufficient constancy.” This meant
that his coherer would reliably cohere
at a specific voltage level of the applied
electrical oscillation, and it would then
reliably decohere with each mechanical
tap. Popov wrote that after testing many
designs, the most successful form of his
coherer, which had “a high sensitiveness

and sufficient constancy,” was made with
a glass tube, inside of which were placed
two strips of platinum foil along nearly
the whole length of the tube (see A-B
and C-D in Fig. 4). The length of the
tube was between 6 and 8 centimeters,
with a diameter of about 1 centimeter.
The best results were obtained with iron
filings or powder, known in commerce
under the name of “ferrum pulveratum,”
which filled the tube half way up (filings
were not shown in his figure). The ends
were sealed with a cork and the tube was
not evacuated.

Fig. 4. Popov’s most successful coherer was
a glass tube inside of which were placed two
strips of platinum foil along nearly the whole
length of the tube (A-B and C-D), half of which
was filled with iron filings (not shown). (J. Russ.
Phys.-Chem. Jan. 1896, p. 4)

Design and Tests of Popov’s TapperBack Apparatus

After selecting a suitable coherer design,
Popov then designed an apparatus to
automatically return the coherer to a
sensitive state after being excited by each
electrical oscillation. Popov’s apparatus
was based on two different methods
that Lodge described to automatically
return his coherer to sensitivity by tapping. The first method Lodge described
was by “mounting an electric bell or
other vibrator on the same board as a
Volume 33, 2020
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Fig. 5. Oliver Lodge’s method of automatically tapping-back his coherer with the vibration from
doorbell mounted on the same board with the coherer was undoubtedly the inspiration for both
Popov’s and Marconi’s automatic tapper-back for their respective apparatus using the hammer
of a bell. (Science Museum, London)

tube of filings” (see Fig. 5).13 Lodge then
observed, “An electric bell thus close to
the tube is, perhaps, not the best vibrator; clockwork might do better,14 because
the bell contains in itself a jerky current, which produces one effect, and a
mechanical vibration which produces an
opposite effect…” 15 Lodge meant that
a continuously ringing bell or vibrator
produced an unwanted source of electric
noise that would excite the coherer just
like the external electrical signals. Lodge
characterized both methods of restoring sensitivity in his lecture as a “tapping back stimulus.” It seems very clear
that the designs of both Marconi’s and
Popov’s respective automatic tapper-back
mechanisms were inspired by Lodge’s
tapper-back device using a vibrating bell
hammer.
Referring to the schematic diagram
of Popov’s tapper-back apparatus (see
Fig. 3), he described how his tapper-back
circuit worked:
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“A current from a battery of 4 to 5 volts
constantly circulates from the terminal,
P, to the platinum foil, A, then through
the powder contained in the tube to the
other foil, B, and through the coils of
the relay back again to the battery. The
strength of this current is insufficient to
attract the armature of the relay, but if
the tube, A B, is exposed to the action
of the electric vibrations the resistance
instantaneously decreases, and the current increases so much that the armature of the relay is attracted. At this
moment the circuit from the battery
through the bell, normally interrupted
at the point D, is closed and the bell
begins to act; but the tapping of the
coherer tube immediately reduces its
conductivity again and the relay breaks
the bell circuit.… After a single shock
the apparatus responds with a brief
ring: under the continuous action of
the discharges the coils respond with
sufficient frequency on account of the
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bell strokes occurring at approximately
equal intervals.”

A photograph of the apparatus believed to be Popov’s first coherer with
his tapper-back mechanism is shown in
Fig. 6. The three major components that
appear on the front panel of this photograph are: 1) the coherer, 2) the bell
hammer that strikes both the coherer
and bell ringer, and 3) two RF chokes
that isolate the coherer from RF noise
generated by the bell and relay solenoids,
thereby avoiding unintentional activation
of the coherer. The two chokes consisted
of short coils of wire attached to either
end of the coherer. These chokes also

prevented the battery from shorting out
the high-frequency signals applied across
the coherer terminals. The batteries and
the sensitive telegraph relay shown in the
schematic do not appear in this photograph because they were situated behind
the panel. A recent replica of Popov’s
coherer receiver with tapper-back apparatus, made in 2014, shows how the
batteries and sensitive relay were located
behind the wood panel (see Fig. 7).16
Popov then described seven different
types of tests that he performed at the
Torpedo School to establish “the sensitiveness of the apparatus.” There are
three important points to be made about
these tests:

Fig. 6. The apparatus believed to be Popov’s original tapper-back apparatus pictured his coherer
with two coils of wire attached that served as an RF choke, a tapper-back hammer to restore
the coherer to sensitivity, and a bell to announce the detection of an electromagnetic signal.
(RIA Novosti/Science Source, SS2789348)
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Fig. 7. A replica of Popov’s coherer receiver made in 2014 features the coherer and tapper-back
apparatus on the front wood panel and the batteries and sensitive relay located behind the
panel. (Science Museum Group, UK)

Popov’s Radiating Sources Did Not Use
Antennas or Ground Wires: Popov used

two radiating sources and three conducting sources (direct wire contacts to the
coherer terminals). The two radiating
sources consisted of an unspecified type
of influence machine (e.g., a Wimshurst
machine) and a large Hertzian vibrator with two 40 cm square plates. Both
of the radiating sources consisted of
dipole radiators; neither radiator used
an antenna wire or a ground wire. Popov’s Hertzian vibrator was excited by a
spark source produced by an unspecified type of induction coil, and Popov
never provided any data on the electrical
170
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amplitude, frequency, or pulse repetition
rate (if any) for his radiating sources.
Virtually All Popov’s Tests Were Qualitative: The closest thing to a quantitative

experiment was described as follows:
“When connected with a thin vertical
wire 2.5 meters long [to either end of
the coherer at point A or B in Fig. 3] the
apparatus responded in the open air, at
a distance of 210 feet [64 meters], to the
vibrations produced by a large Hertzian
vibrator (plates 40 centimeters square)
with sparks in oil.” However, the distance
was dependent on the source characteristics (the distance between the plates of the
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Hertz vibrator and the maximum voltage
applied to the radiator before sparking),
which Popov did not specify. Thus, the
maximum range was quantified, but the
source characteristics were not.
Tests with the influence machine did
not quantify the distance: “The apparatus responds across a large auditorium to
the discharges of an influence machine
if a thin wire about 1 meter long and
placed parallel to the direction of the
discharges is attached to the point A or
B [see Fig. 3], in order to increase the
energy acting on the filings.” In this
case, the type and size of the influence
machine was not specified (e.g., the spark
gap length, length of rods holding the
two spheres forming the gap). Also,
Popov did not specify whether he used
Leyden jars with his influence machine,
which would have made a huge difference in the energy and frequency content
of the radiated fields.
Popov Did Not Modulate His Source: Popov

described all of the tests at the Torpedo
School as “sensitivity tests,” and there
is no indication that he modulated his
sources or attempted to send messages or
signals by Morse code, which would have
required modulation. The mere act of
transmitting and receiving electromagnetic signals using influence machines,
Hertz oscillators, and other types of
spark sources had been accomplished
by many individuals before Popov—
and at ranges longer than the 210 feet
(64 meters) Popov reported. Without
demonstrating the ability to transmit
intelligence by Hertzian waves, Popov,
like those before him who transmitted

and received signals without communicating intelligence, did not design or
demonstrate a telegraphic system. A complete telegraphic system requires both a
modulated transmitter and a receiver
capable of detecting and processing multiple pulses delivered at high rates and
with small variable intervals, which actually contained much of the intelligence.
Design and Testing of Popov’s Storm
Detector

Many historians characterize Popov’s
apparatus shown in the schematic of
Fig. 3 as Popov’s storm detector. However, this schematic diagram actually represents Popov’s tapper-back receiver, not
his storm detector. The apparatus shown
in this figure is missing three important
components of Popov’s storm detector
that he used in the apparatus that was
tested at the Institute of Forestry at St.
Petersburg between the end of July and
mid-October 1895. The components that
do not appear in his tapper-back receiver
apparatus are:
(1) A Richard Brothers registering instrument for recording electrical activity
in the atmosphere,
(2) A lightning arrester placed across the
coherer to protect it, and
(3) A vertical wire antenna to collect
energy from the atmosphere.
All three of these components are
also absent from the two previous photographs of the original and replica tapper-back receiver. The sensitive relay and
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the recording instrument, including the
revolving drum and pen, are shown in
other replicas of Popov’s original storm
detector receiver, such as the one shown
in Fig. 8.17 However, there are no known
images of the storm detector that show
the lightning arrester Popov claimed was
absolutely necessary for the protection
of the coherer. The following discussion
addresses the three additional components that transformed the tapper-back
receiver into a storm detector.

Popov’s Recording Instrument: While

Popov demonstrated the ability to detect
and record atmospheric disturbances,
there is no evidence that he detected or
recorded telegraphic messages with his
storm detector configuration. Popov
describes the recording portion of his
storm detector as follows: “The recording
portion consisted of an electro-magnet,
to the armature of which was connected a
stylus from one of Richard Brothers registering instruments, and of a cylinder by

Fig. 8. Popov’s storm detector was distinctly different from his coherer receiver with the automatic
tapper-back, primarily because of the Richard Brothers register appearing in the lower left of
the photograph of this replica, which was added to the original tapper-back apparatus to record
electrical discharges produced by approaching storms. (SciTech Library, Russia)
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the same firm, giving a weekly record.”
Popov later modified this device in September of 1895:

single dot space in Morse code even at
the slow speed of one word per minute.

“The apparatus was again brought into
use at the end of September (old style),
with a modification of the registering mechanism. The weekly cylinder
was replaced by a 12-hour one, and
the record was made on a telegraph
slip [tape] wound on the cylinder. The
speed at which the slip moved was
23 mm per hour. It was easy to distinguish clearly on the slip the strokes
following each other.”

ning rod on the roof of the building at
the Institute of Forestry to collect electrical energy present in the atmosphere
during a storm, which was later referred
to as an antenna. The lightning rod was
connected to one end of the coherer by
means of a rather long wire. There was
nothing new about the concept of an
“antenna” wire for the coherer receiver.
Both Lodge and Branly demonstrated
that when a coherer was placed inside
a shielded box with conducting walls, a
wire with one end connected to a terminal of the coherer inside the box could
be used as collector of Hertzian waves by
passing the other end of the wire through
a small hole in the wall, thereby exposing
a length of the wire to electromagnetic
radiation (see Fig. 9).18 Popov said that

Many Popov supporters have interpreted these words to mean that he
replaced the Richard Brothers recorder
with a Morse register capable of recording Morse code signals on a telegraph
tape. Nothing could be further from
the truth. Popov actually replaced the
weekly cylinder by a 12 hour cylinder,
and then he attached a telegraph tape to
the cylinder so that the cylinder could
make a number of revolutions in a week
without the ink pen overwriting the
cylinder. Popov’s drawing of this configuration, which is shown later in this
paper, was discovered in a letter he wrote
dated January 23, 1898. Note that Popov
said the slip (a.k.a., telegraph tape) of
his modified recorder moved at 23 millimeters (one inch) per hour. Telegraph
tape in a typical Morse register moved
at a rate of 1 to 10 inches per second in
order to record telegraphic messages at
nominal word rates of 10 to 20 words
per minute (wpm). Popov’s recorder was
about 1000 times too slow to resolve a

Popov’s Antenna: Popov placed a light-

Fig. 9. Popov repeated the Branly experiment
shown here, in which Branly demonstrated
that a coherer placed inside a shielded box
could be activated when a short “antenna”
wire protruding from a small hole in the box
wall was exposed to electromagnetic radiation.
(Branly, Electrician, Vol. 27, 1891, p. 448)
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he placed his receiver in a shielded cabinet inside the building, so he was well
aware from both Branly’s and Lodge’s
experiments that an exposed conducting wire would have been necessary to
collect electromagnetic energy from the
atmosphere.
Popov’s Lightning Arrester with Ground
Wire: Given that Popov did not use a

ground wire during his sensitivity tests
on his apparatus at the Torpedo School,
the reason why Popov chose to use a
ground wire for his storm detector is
something of a mystery. While Popov
supporters assert that he knew a ground
wire would increase the sensitivity of his
device, there is no evidence to support
this conjecture. Popov had performed
many experiments on his apparatus at
the Torpedo School with a short antenna,
but never with a ground wire, so none of
his experiments would have led him to
that conclusion. Also, Popov stated that
he believed his apparatus often “possesses
too much sensitiveness,” so why would
he have added a ground wire to make it
more sensitive?
The real reason that Popov grounded
the other end of his coherer can be found
in this statement he made in his 1896
publication: “During the experiments
with the apparatus in the summer period
it was necessary for safety to join up a
lightning arrester in parallel with the
coherer tube [emphasis added].” Popov
said he began his experiments with his
storm detector at the Institute of Forestry at St. Petersburg beginning in
the latter part of July—the middle of
summer period. To protect the coherer
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from lightning, Popov connected his
lightning arrester across the coherer with
one end connected to the lightning rod
and the other end to ground. Thus, one
end of the coherer was connected to the
antenna to collect electrical energy, and
the other end was grounded for purposes
of shunting lightning-induced currents
around the coherer to ground through
the lightning arrester. So, the ground
was added to limit the voltage across the
coherer—not to enhance it.
Regardless of the reason why Popov
grounded one end of the coherer, he
deserves credit for being the first to
build a tapper-back receiver of electromagnetic radiation using an antenna
and a ground wire (even though it was
intended to detect signals produced by
the atmosphere). Yet, since he did not
understand that a grounded antenna
(monopole) could increase strength
of the signals transmitted, he did not
attempt to ground the antennas he used
to transmit Hertzian waves. It will be
shown later in this paper that Popov
used only Hertz-style, loaded-dipole
antennas for his vibrating sources, without a ground or antenna wire—until
well after Marconi’s use of tuned monopole antennas for both the transmitter
and receiver had been published and
disseminated.
Remarks on Popov’s January 1896
Storm Detector Paper

Popov’s storm detector paper, dated
December 1895 and published in January 1896, does not mention the subject of
radiotelegraphy until the closing sentence
in his paper:
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“In conclusion, I may express the hope
that my apparatus, when further perfected, may be used for the transmission of signals to a distance by means
of rapid electric vibrations if only a
source of such vibrations can be found
possessing sufficient energy.”

Based on this statement, it is clear
that Popov conceptualized telegraphing
to long distances using electromagnetic
waves by December 1895, but he also
realized that his storm detector receiver
would require modifications for such an
application, and he also realized that the
Hertzian vibrator he used did not have
sufficient energy for transmitting intelligence to long distances. Popov’s belief
that the source for long-distance radiotelegraphy would require a large amount
of energy is not surprising, because he
had established earlier in sensitivity tests
at the Torpedo School that the range of
his apparatus was limited to 210 feet
(64 meters) using a Hertz oscillator as
a source of excitation. He surely must
have been aware that lightning, which
was capable of exciting his storm detector from afar, had orders of magnitude
more energy per pulse than any manmade source he could imagine.
While it was logical for Popov to
assume that the real problem for radiotelegraphic applications was the source and
not the receiver, many historians, including Süsskind, have asserted that the real
problem was the sensitivity of the receiver.
Perhaps the first to make this observation
was French engineer and physicist AndréEugène Blondel, who wrote the following
two paragraphs in a paper that was read

to the Société Francaise de Physique dated
December 2, 1898:
“If these two authors [Lodge and
Branly] did not realize transmission
distances greater than a few hundred meters, it is only because of the
lack of a sensitive receiver. Popoff, in
1895−1896, replaced the Lodge receiver
with a more sensitive tube, connected
to an antenna instead of a circular
exciter; he recorded atmospheric discharges with an automatic tapper, and
indicated that he could transmit and
receive signals if he had a sufficiently
powerful oscillator at his disposal. But,
in reality, what was missing was a sufficiently sensitive tube of filings.
“Marconi was the first to make
such a tube, thanks to the use of thin
nickel and silver filings protected from
the air. Thanks to this new coherer,
he was able, without inventing any
other new device, to enter the promised land [sic] seen by his predecessors
and to reach prodigious transmission
distances, which are counted in tens
of kilometers.” 19

However, it was not a more sensitive
coherer that allowed Marconi to reach
the Promised Land of long-range Hertzian telegraphy. After all, Marconi used
the same coherer to reach the Promised
Land on May 13, 1897, that he used two
years before in 1895, when he was only
able to transmit telegraphic signals to
a distance of a few hundred yards at
his home in Italy. To reach the Promised Land by transmitting messages to
a distance of 14 kilometers across the
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Bristol Channel on May 13, 1897, Marconi used the combination of a much
longer, more powerful transmitting
antenna combined with a much longer,
more sensitive receiving antenna, both
of which were syntonized (tuned to the
same frequency).
In sharp contrast, Popov used a
much smaller and ungrounded Hertz
oscillator as his primary source, with
which he reported a maximum range of
only 64 meters in January 1896. There
was nothing new or exciting about this
range. After all, Lodge had reported in
1894 that he achieved exactly the same
distance (70 yards or 64 meters) with
his coherer in Liverpool, where he used
a spherical radiator with even smaller
dimensions than Popov’s Hertz oscillator
source.20 In January 1896, Popov had no
reason to believe that Hertzian waves
could reach distances any further than
the ranges achieved by other non-Hertzian methods of wireless telegraphy (e.g.,
conduction, magnetic-field induction
and electric-field induction). Ranges of a
few miles had already been demonstrated
for each of these three known methods
of wireless telegraph before Popov began
his experiments in 1895.
Popov’s Demonstration of the
Experiments of Hertz (March 24,
1896; March 12, O.S.)
The next record of Popov’s work, which
immediately followed the article he published in January 1896, appeared in the
published minutes of a Physico-Chemical
Society meeting held on March 24, 1896
(March 12, O.S.). The minutes of the
meeting were tersely stated:
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“A.S. Popov shows instruments for the
lecture demonstration of the experiments of Hertz. A description of their
design is already in the Zh. R. F.-Kh.
Obshchestva.” 21

Three professors that attended this
Society meeting would claim many years
later, in 1926, that Popov sent a telegraphic message at this meeting, even
though the minutes stated it was a demonstration of the experiments of Hertz. It
will be shown later that Popov’s letter to
Ducretet supported the version described
in the minutes, namely that Popov gave
a demonstration of the experiments of
Hertz.
Süsskind was on the right track when
he wrote: “The demonstration must have
been quite short (it was one of nine items
on the agenda) and evidently utilized
largely the same apparatus as Popov’s
previous experiments.” 22 Süsskind noted
that shortly after Wilhelm Roentgen discovered X-rays in November 1895, Popov
turned his attention to studying that
subject, and he had little time for further
development of his apparatus to detect
electromagnetic radiation between the
time he completed his article in December 1895 and the Society meeting held
on March 24, 1896. Indeed, his name
appeared in an article published in the
March 1896 issue of the Russian journal Electricity (Elektrichestvo) describing
his observations on cathode and anode
rays.23
Support for the contention that
Popov did not improve his storm apparatus soon after his January 1896 publication is also provided by a second
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article that Popov published in June of
1896 describing the status of his storm
detector, an article that has never been
previously chronicled. This publication
is examined next.
Popov’s Publication in Electricity
Describing His Storm Detector
(June 1896)
Popov described his storm detector
in the June 1896 issue of the Russian
journal Electricity. This article was not
cited by Süsskind, and the contents have
never been chronicled or published in
English. In Radovsky’s book, mentioned
previously, he cited two journals that
reprinted Popov’s 1896 publication in
Russian:
“Over half a year elapsed between
Popov’s address in the Physical and
Chemical Society [May 7, 1895] and
its publication.... Popov’s address was
published in full in 1896, first in the
January issue of The Journal of the
Russian Physical and Chemical Society,
and afterwards also in other publications (The Meteorological Herald and
Electricity).” 24

Radovsky stated that Popov’s 1896
article was “published in full” in two
other journals, which may explain why
Radovsky did not provide a citation to
identify the dates or volume numbers of
those Russian journals. It seemed curious
that two other Russian journals would
reprint Popov’s article “in full” after it
had already been published in the Journal of the Russian Physical and Chemical Society in January 1896. This author

located an article that Popov wrote in
the June 1896 issue of the Russian journal Electricity about his storm detector
entitled “Apparatus for the Detection and
Registration of Electrical Vibrations in
the Atmosphere.” 25 It is clear from the
title that this was the article Radovsky
mentioned in his book.
The following footnote at the beginning of the article made it appear that
this paper was abstracted from the original, rather than reproduced in full: “This
article contains an abstract of the author’s
work, published in full in the Journal
of the Russian Physical Chemistry Society. -Ed.” However, after obtaining a
translation and reading the entire article, it became obvious that it was not
an abstract of his previous article. The
next few paragraphs provide convincing evidence that this paper was a new
paper written by Popov around the time
of its publication in June 1896—not an
abstract prepared by an editor.
The first indication that this was a
new paper written by Popov is found
is the title, in which the words in the
Atmosphere were added to the title of
his original paper published in January
1896: “Apparatus for the Detection and
Registration of Electrical Vibrations in
the Atmosphere.” Indeed, it turns out that
this article focused on a description of
Popov’s storm detector and the associated field testing that took place at the
Institute of Forestry in St. Petersburg.
Entirely absent from this publication
were descriptions of the various coherers Popov developed and the sensitivity
tests of the tapper-back receiver that he
performed at the Torpedo school, both
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of which appeared in his January 1896
publication. Also, missing was the reference to the possibility of using the storm
detector for telegraphic purposes.
There is clear evidence that Popov
himself wrote this article, since there are
new facts and figures in the paper that
only Popov could have known. Consider
the following four examples:
(1) The height of his antenna at the Institute of Forestry was not specified in
the January 1896 article, but the
June 1896 article specifies: “a small
wooden mast was installed which was
4 Russian fathoms (approximately 28
feet or 8. 5 meters) higher than the
rods for the anemometer and wind
vanes…”
(2) The type of lightning protector
Popov used was not specified in the
first article, but in this article Popov
specifies: “a comb lightning arrester
must be inserted parallel to the tube
containing the filing.” The fact that
the lightning arrester had to be inserted parallel to the coherer is also
an important factoid.
(3) The name of the observer at the Institute of Forestry was not named in
the first article but Popov identified
him by name in the second article:
“According to the observer, a student
by the name of Tolskiy, the device
rang every 5–10 minutes during the
day.”
(4) The closing comments have been
changed, and the sentence about
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the application of the storm detector to radiotelegraphy appearing
in the January 1896 publication is
entirely missing: “In conclusion, I
may express the hope that my apparatus, when further perfected, may be
used for the transmission of signals to
a distance by means of rapid electric
vibrations if only a source of such
vibrations can be found possessing
sufficient energy.”
No editor would have changed the title
and the scope of the paper, and in the
process deleted completely large portions of the paper—especially the allimportant closing comment about the
telegraphic application.
Why is this publication relevant?
Because if this July 1896 article was
actually written by Popov—as opposed
to being abstracted by an editor—it
would represent a record of the state of
his storm detector design circa July 1896.
While the wording may be different in
these two papers, it is the consistency
of the critical design parameters associated with the storm detector that is
most important. It is clear that, by July,
Popov had made no changes in the type
or sensitivity of the coherer, no changes
in the need for a lightning arrester to
protect the coherer, and no change in
the use of a drum recorder with a telegraph tape running around a drum at a
speed of 23 mm per hour. The fact that
there were virtually no changes in the
design parameters of the components in
his apparatus between January and July
1896 will become an important part of
the story later.
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Popov Learns of Marconi’s
Transmissions to 1¼ Miles
(September 1896)
Preece first reported that Marconi had
transmitted Morse code signals to a
distance of 1¼ miles using Hertzian
waves at the August 1896 meeting of
the British Association for the Advancement of Science in Liverpool. Preece’s
announcement was summarized in an
issue of Electrician dated September 25,
1896, a portion of which stated:

“The first murky news of a new method
of wireless telegraphy invented by Marconi appeared in the daily press in September. This news was very opaque
in nature, without any indication of
the method by which transmissions
were made. This news reached Popov
as well, and immediately roused him.
Right at the exhibition, he told us that
the transmission method invented by
Marconi was probably no more than a
repeat of his 1895 storm indicator.” 27

“A young Italian, Signor Marconi,
had described experiments in which
he had, by means of Hertzian waves,
transmitted signals over a considerable distance, and as a result Mr. Preece had assisted Signor Marconi to
continue his experiments in London
and on Salisbury Plain. Signor Marconi has now succeeded in producing
electric waves and reflecting them
from one parabolic mirror to another
one and a-quarter mile distant, the
waves falling on a receiving apparatus,
which actuated a relay and produced
Morse signals; the experiments have
been made with crude apparatus and
without employing ‘any great amount
of radiant energy.’ Further technical information is unobtainable just
now.” 26

Note that Georgievsky said the news
of Marconi’s achievement “immediately
roused him [Popov],” 28 which is to say
that it awakened him. Georgievsky follows this recollection with a quote from
a draft of a letter in his possession written by Popov to Ducretet in late 1897.
Georgievsky claimed that Popov wrote:

It turns out that Popov saw this article and was more than surprised. Popov’s
assistant at that time, Professor N. N.
Georgievsky, recalled Popov’s reaction in
his article that appeared in the 1925 commemorative issue of Electricity published
in both Russian and French:

“In September 1896, the first news
appeared in the daily press of Mr. Marconi’s experiments; the essence of the
device remained a secret, however, and
specialized journals lost themselves in
guesses about the new discovery. Then
I printed a letter in the local newspaper
in which, after reminding the reader
of my own device, indicated that in
my device’s recordings of storms, there
are those that are produced by discharges that occurred no closer than
30 kilometers away, that signaling
using artificially produced discharges
within a mile is possible, and that it
was highly likely that Mr. Marconi’s
device was similar to mine. That letter
was published in the Kotlin newspaper
in October 1896.” 29
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Georgievsky’s recollection of Popov’s reaction to hearing the news of
Marconi’s achievement, coupled with
Popov’s reaction by immediately writing the local newspaper asserting that
Marconi’s apparatus must be the same
as his, indicates that Popov was both
surprised and disturbed by the news.
Popov’s statement to the newspaper that
signaling within a mile “is possible”
clearly indicates that Popov had not yet
actually signaled to within a mile. In
fact, Popov had reported in his January 1896 publication that the maximum
distance he had received signals using a
large Hertzian vibrator was 210 feet in
the open air—and there was no mention
of transmitting Morse signals.
It should also be noted that Preece
gave Popov a significant amount of information on Marconi’s work in this publication. First and foremost, Popov learned
that Marconi was able to receive signals
at a distance of 1¼ miles using Hertzian
waves with a crude instrument that does
not employ “any great amount of radiant
energy.” This had to be news to Popov,
who had clearly stated, “I may express the
hope that my apparatus, when further
perfected, may be used for the transmission of signals to a distance by means of
rapid electric vibrations if only a source
of such vibrations can be found possessing sufficient energy [emphasis added].”
Popov also learned that Marconi had
sent Morse signals—something Popov
had not claimed—and he learned that
Marconi had experimented with parabolic reflectors, something that Popov
would do later. Finally, Popov learned
that Marconi had used a relay to generate
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Morse signals. Popov had also used a
relay, so now he knew he was on the
right track.
It is difficult see how one can claim
Popov had priority over Marconi, since
at the time of Preece’s revelations in
September 1896, there were no documents or publications that described
Popov transmitting Morse messages—or
even defining a system that could do so.
Popov supporters say that there were no
such documents because Popov could
not document his work due to security
concerns. But then how is it possible
that Popov was able to write the Kotlin
newspaper in October 1896 and publish
the fact that he believed his system was
the same as Marconi’s with the same
capabilities, namely that Hertzian waves
can be used to transmit to 1¼ miles with
little power—not just the 210 foot range
that he published in January 1896? If
Popov’s system was like Marconi’s, as he
claimed, and Marconi’s system had just
been described in the press, then Popov
had just given away the secrets to his own
system—despite claims by Russians that
he was not allowed to divulge the secrets
of his system.
Ducretet Modifies Popov’s Receiver
for Telegraphic Applications
(November 19, 1897)
Ducretet revealed a new Hertzian telegraphic receiver at a presentation to
the French Society of Physics (Société
Française de Physique) on November 19,
1897.30 He prepared a printed copy of
his presentation for publication in the
minutes of the journal for the Société
Française de Physique that described the
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details of his new telegraphic receiver.
Ducretet’s telegraphic receiver is of
great interest because he claimed it was
based on modifications to Popov’s storm
detector receiver. It will be shown that
Ducretet’s modifications transformed
Popov’s storm detector into a receiver for
Hertzian telegraphy that was virtually
identical to Marconi’s receiver. While
Popov believed Marconi’s receiver was
essentially a copy of his receiver—as do
some historians to this day—Ducretet’s
presentation belies that claim.
Background for Ducretet’s Presentation

Ducretet was a manufacturer of scientific instruments, which he furnished to
the French Ministry of Public Instruction, War, the Navy, and others—this
according to the large catalog he published periodically.31 He specialized in
making demonstration models that could
be used for measurements, lecture demonstrations, basic research, etc., and also
components that could be used in commercial systems.
Ducretet wrote that he became interested in telegraphic apparatus after reading about the work of Marconi at Spezia,
Italy, and Professor Slaby in Germany
during the summer of 1897.32 This claim
is supported by newspaper accounts of
wireless activities by both inventors
that appeared as early as August 1897.33
Ducretet decided to make an apparatus
for demonstrating the transmission and
reception of telegraphic messages to add
to his existing product lines.
Ducretet claimed he did not have the
capability or the resources to perform
original research for his equipment, and

so he generally modeled his equipment
after existing designs. For the radiotelegraphic demonstration apparatus,
Ducretet decided to use a Hertz radiator as a model for his transmitter and
Popov’s storm detector as a model for
his receiver. It is likely he chose Popov’s
receiver—as opposed to that of either
a Marconi or Slaby design—because
Popov’s receiver was not covered by a
patent, whereas Marconi’s and Slaby’s
apparatuses were. In the article appearing in the journal of French Society of
Physics in 1897, Ducretet described both
the vibrator source he developed based
on Hertz’s apparatus, and the receiver
he developed based on Popov’s storm
detector receiver. The focus of this paper
is on the receiver, and specifically on
the changes Ducretet made to Popov’s
receiver at this time.
Ducretet’s Telegraphic Receiver Design

Ducretet’s conclusion that he needed to
modify Popov’s receiver for telegraphic
purposes should be no surprise, because
Popov had previously said his storm
detector would have to be modified for
this application. Ducretet describes Popov’s receiver apparatus in the minutes he
submitted for publication in the Séances
de la Société Française de Physique, which
are translated into English here:
“M. Ducretet describes the apparatus that Mr. Popoff built in 1895 and
employed in St. Petersburg to receive
and record electric waves as and when
they were present. The receiver was a
Branly filings coherer, which is connected with a battery and a relay and
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set in motion as soon as the Branly
coherer is struck by an electric wave
emitted at a distance.
“The relay closes a circuit that
includes a bell whose hammer strikes
the sensitive tube to automatically
return to its initial resistance as soon
as the electric wave has stopped acting. The circuit, besides the sound of
the bell, includes a recorder that keeps
track of the reception of these waves.
“This apparatus, which resulted
from known works, thus permits the
production, transmission, reception,
and recording of the electric waves,
whether they are produced by the
atmospheric discharges or by an oscillator with enough power to reach the
distance to be crossed.” 34

Note that Ducretet makes the claim
that Popov’s apparatus was derived from
“known works”—for example, Branly
and Lodge—a statement likely made to
avoid potential problems with Marconi’s
patents. After describing Popov’s storm
detector apparatus, he then described
the modifications he made to Popov’s
apparatus in order to receive telegraphic
messages:
“M. Ducretet has modified the layout of the circuits and makes use of
a sensitive galvanometer relay, for
telegraphic purposes, which he has
constructed in collaboration with
MM. Marshal and Rigollot; it is
provided with a shock absorber and
an additional resistance to suppress
the spark produced by the contact
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break, as they [MM. Marshal and
Rigollot] have described. Their Morse
recorder [designed by MM. Marshal
and Rigollot] forms a second relay.
Without altering anything else that
has been described, Ducretet shows
that the transmission and reception
of these radiating waves makes it possible to record the radiated signals.
M. Ducretet gives the name of Hertzian telegraphy to this application.”

Note that Ducretet specifically states
he gave the name “Hertzian telegraphy”
to this application; the italics here
appeared in the original text prepared by
Ducretet. By christening the application
of his apparatus with the words Hertzian
telegraphy, Ducretet called attention to
the fact that his apparatus was distinctly
different from that of Popov’s because
his apparatus could be used for Hertzian
telegraphy, whereas Popov’s apparatus
could not.
In a later publication, 35 Ducretet
pictured a model of this demonstration
radiotelegraphic receiver for use in laboratories, auditoriums, and other instructional formats (see Fig. 10). Note that
the layout of the panel at the top, shown
in Fig. 11, is nearly the same as Popov’s
apparatus, but a major portion of the
new apparatus is completely different:
1) a Morse register designed by MM.
Marshal and Rigollot, which replaced the
hopelessly slow Richard Brothers register
that Popov used, 2) a new sensitive relay,
and 3) an annunciator bell employed to
alert the operator that a new message
was imminent.
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Analysis of Ducretet’s Modifications

Ducretet documented five significant
alternations in Popov’s receiver apparatus
that he believed were necessary for his
apparatus to receive telegraphic messages. Virtually all of the design features
that Ducretet implemented on Popov’s
receiver were evident in the schematic
diagram of Marconi’s earliest receiver
shown in Fig. 12,36 a schematic to which
Marconi often referred because it provides a more comprehensible diagram
than the one appearing in his patent.

Fig. 10. In 1898 Ducretet published this image
of his version of a radiotelegraphic receiver by
making no less than five significant modifications in Popov’s design of his storm detector—
the most obvious one being the replacement
of the Richard Brothers cylindrical register with
a true Morse register. (Séances de la Société
Française de Physique, Apr. 16, 1898, p. 52)

Fig. 11. This close-up layout of the panel at
the top of Ducretet’s radiotelegraph receiver
is almost identical to that of Popov’s tapperback panel, except the bell ringer has been
removed, leaving the hammer to strike only
the coherer. (Séances de la Société Française de
Physique, Apr. 16, 1898, p. 52)

(1) Ducretet removed Popov’s Richard
Brothers recorder that moved at a rate
of 23 mm (about 1 inch) per hour,
which registered electromagnetic
excitations from the atmosphere on
a telegraph tape with short vertical
stokes. One inch per hour was hopelessly slow for recording telegraphic
messages. Ducretet’s new recorder
was similar to the Morse register that
appears on the right side of Marconi’s
schematic diagram, a register that
moved at a rate of between 1 to 10
inches per second.
(2) Ducretet replaced Popov’s single
circuit layout (using one battery to
operate the sensitive relay, the tapperback mechanism, and the Richard
Brothers recorder) with a two-circuit
layout using one battery to operate
one relay and the second battery
to operate the tapper-back and the
Morse register relay. This configuration closely resembles Marconi’s configuration appearing in his schematic.
This change was important because
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Fig. 12. In a speech to the IRE in 1899, Marconi used this more comprehensible schematic diagram to describe and explain the operation of the components in his radiotelegraph detector
appearing in his original patent. (J. IEE, Vol. 28, 1899, p. 275)

the battery voltage in a single-circuit
layout is limited; the voltage must be
less then the sensitivity threshold of
the coherer or the coherer will always
be in the insensitive (low-resistance)
state. Marconi said he never used
more than a single cell for the battery
in the coherer circuit, whereas Popov
used a battery with a voltage between
4.5 and 5 volts.
(3) Ducretet introduced several resistances to absorb the energy from
sparks produced by contact breaks
in the two relays. This feature, also
used by Marconi in his receiver,
eliminated the unwanted excitation
of the coherer by the energy radiated
by sparking electrodes on the relays.
Marconi inserted four such resistors
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(see small circles labeled p1, p2, q and
s) in his tapper-back and two relay
circuits.
(4) In addition to these changes specifically identified by Ducretet, it is
obvious from the image of Ducretet’s
receiver that he also removed the
sounding bell from the tapper-back
apparatus, leaving only the bell hammer to strike the coherer as a tapperback. This feature is apparent in
Marconi’s diagram, which does not
show the hammer striking a bell.
(5) Ducretet also added an annunciator
bell to inform the receiving operator
that a message was coming. Marconi’s
apparatus also used an annunciator
bell for the same purpose, although
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it does not specifically appear on the
receiver diagram.
In the end, Ducretet had transformed
Popov’s design into Marconi’s design. It
was really Marconi’s design that Ducretet
used to demonstrate the reception and
recording of telegraphic messages, not
Popov’s storm detector apparatus.

Marconi’s Tapper-back Apparatus was
More Sophisticated than Popov’s

Marconi’s tapper-back apparatus, shown
in Fig. 13, was much more sophisticated
than either Popov’s or Ducretet’s apparatus.37 This is obvious by comparing
Marconi’s tapper-back apparatus with
that of either Popov or Ducretet shown in
previous figures, both of which used an

Fig. 13. Marconi’s stiff tapper-back mechanism with four different adjustment screws was
much more sophisticated than either Popov’s or Ducretet’s tapper-back mechanism. (Science
Museum, London)
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ordinary doorbell without any adjustable
features. Here is how Frederick Collins
explained Marconi’s tapper-back design
in an article published in 1904:
“A Marconi tapper…consists essentially of an electromagnet having an
automatic contact breaker similar to
an electric bell. The armature lever is
permanently attached to the frame by
means of a straight, stiff, steel spring,
the elasticity of which draws the armature away from the poles of the magnet
and into contact with a platinum point
connected in series with the magnet
armature and source of current. The
striking hammer is placed very close
to the armature so that its period of

vibration may be quickened, for its
time constant when compared with
the movement of the printing lever
of the register must be low; the ratio
should be as five is to one—so that
the former should vibrate at least five
times to every stroke of the lever of the
register; it is this ratio of adjustment
that permits a series of wave impulses
to be registered in a continuous line
representing a dash. Screws for moving the magnets and for obtaining the
proper relation between the coherer
and magnets are provided.” 38

Note the straight stiff hammer spring
indicated by the arrow in Fig. 14. Also
note the adjustment screws for precisely

Fig. 14. The two adjustment screws shown here in Marconi’s tapper-back mechanism, S 1 and
S2, precisely controlled the exact strength of the hammer blow on the coherer and the rate at
which the blows were given. (J. A. Fleming, Principles of Electric Wave Telegraphy, 1906, p. 363)
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controlling the exact strength of the
hammer blow on the coherer and the
rate at which the blows were given,
adjustments that were not incorporated
in either Popov’s or Ducretet’s apparatus. These two critical adjustments are
specifically shown in the line drawing
of Fig. 14.39
Concluding Words on Popov’s Storm
Receiver Design

While Popov’s and Marconi’s receivers
appear to be similar, the actual performance of the two is entirely different (see
Table 3). Marconi’s receiver could record
Morse code on the tape of the Morse
register, while Popov’s receiver could not
record Morse code on the Richard Brothers register. Popov’s receiver could convey
Morse code only by the ring of an ordinary doorbell, and ordinary doorbells
have a “persistence of ring” that blurs the

spacing between dot, dashes, and spaces
at higher speeds. For a word speed of 10
wpm, the dot spacing is 0.1 second, while
the persistence of a doorbell ring is on the
order of a few seconds. Doorbells were
never used as a Morse code sounder in
either landline or wireless telegraphy.40
Popov’s storm receiver had no requirement to record every lightning stroke or
to detect and record the time interval
between strokes. But to receive or decode
telegraphic messages, it is necessary to
detect and record not only every dot and
dash in a message, but also to detect and
record the time intervals between each
dot and dash, between each letter, and
between each word. To accomplish this,
it is necessary to have a stiff and adjustable tapper-back arm that has a vibration
period significantly less than the time
interval of the dot space corresponding
to the word rates in the messages.

Table 3. Comparison of design features for Marconi’s telegraphic
receiver circa 1895–1897 versus Popov’s tapper-back apparatus
and storm detector receiver during the same period.
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Popov Discloses Earlier LongDistance Transmissions to the
Electrician (December 10, 1897)
There are no contemporaneous records
reporting any activities by Popov on the
subject of electromagnetic radiation in
the period between the publication of his
letter in the Kotlin newspaper in October 1896, immediately after he learned of
Marconi’s accomplishments, and a letter
he wrote to the Electrician of London
dated November 26, 1897, with the stated
purpose of calling attention to the work he
reported in his January 1896 publication:
“The attention which you gave to the
coherer in your issue of Nov. 12 leads
me to trust that you will consider
my little work with this instrument
described in the Journal of the Russian Physical and Chemical Society,
Jan., 1896. The contents of my article
were communicated to a meeting of
the Physical Section of our Society in
April, 1895 [O.S.]. I translate, with
abbreviation, some extracts of it.”

Popov’s reference to “the attention
which you gave to the coherer in your
issue of Nov. 12” was an article by Oliver Lodge entitled “The History of the
Coherer Principle.”41 This paper included
many of the names historically associated
with the development and application
of the coherer principle by Prof. David
Hughes, Branly, Marconi, and Bose—
but not Popov. Clearly, Popov was miffed
that he was not included in Lodge’s history of the coherer.
It is almost certain that Lodge did
not know about Popov’s work at the time
188

The AWA Review

he wrote his paper in 1897, and so he
did not intentionally snub him. Popov’s
paper was not circulated widely in the
foreign press—the very first mention of
his paper in a foreign publication was the
one page abstract that appeared almost
two years later in the November 1897
issue of the French publication mentioned previously, Journal de Physique:
Théorique et Appliquée.42
The first paragraph he cited, using
quotation marks, was indeed taken from
his 1896 publication, and according to
the Society minutes of the meeting on
April 25, 1895 (O.S.), it was indeed
presented to the Society meeting. The
second paragraph, also in quotes, was
extracted from Popov’s 1896 publications, but the descriptions of the observations at the “Meteorological Observatory
of the Forest Institution in St. Petersburg
beginning in July 1895,” including the
images of the recordings of the thunderstorms, could not have been presented
at the Society meeting on April 25, 1895
(O.S.), which took place three months
before testing began at the Observatory
in July 1895.
The next paragraph, also in quotes,
was a pure fabrication because the
material was neither presented at the
Physico-Chemical Society meeting nor
did it appear in Popov’s 1896 publication.
This paragraph begins with the following sentence, which Popov altered by
deleting the critical words in the space
indicated by the first set of brackets:
“In conclusion, I can express my
hope that my apparatus [missing
critical words here] will be applied for
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signalling [to] great distances by electric vibrations of high frequency, as
soon as there will be invented a more
powerful generator of such vibrations.”

The missing words were “when further perfected,” referring to his receiver
apparatus—words that appeared in Popov’s January 1896 paper but were now
absent from Popov’s quotation from that
paper. This alteration made it sound like
Popov had improved his storm detector
in the intervening years and that the only
impediment to long-distance signaling
was to find a more powerful generator
of electrical vibrations. This explanation
falls flat, however, because Popov was
quoting (using quotation marks) from
his 1896 paper, at which time he clearly
believed his equipment needed to be
perfected. If he did improve his receiver
after January 1896, when did he do it?
When considering the priority of invention, timing is everything.
The remainder of this paragraph, also
in quotes, clearly describes new work that
was not presented at the Society meeting

in 1895 or recorded in Popov’s January
1896 publication:
“From July, 1895, until now my apparatus has worked very well as a lightning recorder, which can be seen on
the photograph (Fig. [15]) of various
records of thunder-storms made by this
apparatus during the last summer.…
By using in the coherer tube a steel
bead instead of iron filings I receive
[made] a good coherer, by which I can
detect electromagnetic waves at the
distance of 1 kilometre, if I work with
Hertz’s vibrator with 30 cm. spheres
and with the ordinary Siemens-Halske
relay. With the Bjerknes vibrator of
90 cm. diameter, and a more sensitive relay, I reach 5 kilometres of good
working without exhausting the tube
and without any other resonance than
by using the arrangement in my registering apparatus.”

The tape recordings of thunderstorms
that Popov reproduced were not previously published, and they certainly

Fig. 15. Popov recorded electrical discharges in the atmosphere versus time by attaching a
telegraph tape such as the one shown here to the Richard Brothers cylindrical register; the
tape moved across the recording pen at a rate of 23 mm (~ 1 inch) per hour. (Electrician, Vol. 40,
Dec. 10, 1897, p. 235)
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could not have appeared in his January 1896 paper, since he said they were
recorded “last summer” (i.e., the summer
of 1897). Popov also says that his apparatus “worked very well as a lightning
recorder.” While that may be true, the
requirements for a storm detector are
completely different from the requirements for a radiotelegraph receiver—a
point that will be examined in more
detail later in this paper.
In the second sentence, Popov states
that by substituting steel beads for the
iron filings in his coherer, he was able
to receive signals at 1 kilometer using a
Hertz vibrator with 30 cm spheres and
an ordinary Siemans-Halske relay. There
is no description of an improved coherer
with beads or receiving signals at a distance of 1 km in his 1896 paper. In fact,
Popov wrote in his 1896 paper that he
had transmitted to a distance of 210 feet
with an ordinary telegraph relay, a large
Hertz vibrator with 40 cm square sheets,
and an iron filing coherer. When did he
develop a new coherer and when did he
make these new measurements?
Finally, in the fourth sentence Popov
states that with the Bjerknes vibrator of
90 cm diameter and a more sensitive
relay, he was able to reach 5 kilometers.
Again, there are no known documents
published prior to his letter to Ducretet
that describe or date an increase in the
range of his apparatus resulting from
improvements by adding a sensitive relay
or using a Bjerknes vibrator.
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Comments on Popov’s Letter to the
Electrician

(1) Contrary to Popov’s claim, the new
features consisting of a coherer with
beads, a more sensitive relay, and two
new sources (a 30 cm Hertz radiator
and a 90 cm Bjerknes vibrator), which
resulted in modest increases in range
of 1 to 5 km, were never mentioned
in his January 1896 paper or in the
minutes of the meeting of his Society on May 7, 1895 (April 25, O.S.).
It will be seen later that Popov did
describe these improvements in his
letter to Ducretet dated January 23,
1897, but it turns out that Popov’s
experiments with his improved apparatus took place after Marconi had
demonstrated transmission of telegraphic messages to a distance of 9
miles.
(2) The sources that Popov identified in
this letter (Hertz and Bjerknes vibrators) were both dipole radiators with
no antenna or ground wires. Thus,
Popov may have used a grounded
monopole antenna on his storm
receiver, but not on any of his sources
of radiation. Oliver Lodge also drew
the same conclusion from Popov’s
letter, a conclusion Lodge expressed
in his 3rd edition of The Work of Hertz
and His Successors:
“He [Popoff] says:- ‘I can detect waves
at the distance of one kilometre if I
employ as sender a Hertz vibrator with
30 centimetre spheres, and if I use the
ordinary Siemens relay; but with a
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Bjerknes vibrator 90 centimetres diameter, and a more sensitive relay, I reach
five kilometres of good working.’ Thus
it is plain that Prof. Popoff employed
the elevated wire as receiver in 1895,
but did not employ it as sender.” 43

(3) Popov mentioned the ability “to
detect electromagnetic waves” at
distances of 1 to 5 km with certain
improvements, but he never mentioned transmitting and receiving
messages or even using Morse code.
There is a big difference in the range
for transmitting and detecting electromagnetic waves versus being able
to send and receive messages over
these distances at a practical data rate
with an acceptable error rate. At this
point in time, Marconi had already
demonstrated his ability to send messages at a rate of about 12 wpm without errors—and across much greater
distances than 1 to 5 km. Popov’s
letter to Ducretet describes the
detection of electromagnetic waves
at these distances; he does not mention sending or receiving telegraphic
messages or Morse characters at these
distances.
Popov’s Letter to Ducretet—The
Missing Link (January 23, 1898)
The fact that Popov sent a letter to
Ducretet at the end of 1897 describing
all his work with electromagnetic waves
was revealed by Georgievsky, who published an article in the May 1925 issue
of Electricity (Elektrichestvo) with the
following words:

“In response to Ducretet’s request,
Popov sent a description of the course
of his works on the question of the
transmission of long-distance signals
using electromagnetic waves, which
Ducretet read at the meeting of the
International Association of Electrical Engineers on January 12, 1898.…
Using a draft of Popov’s that I have
kept, I am providing the following
excerpt from his letter to Ducretet,
which was written at the end of 1897.”44

The few paragraphs that Georgievsky
cited in the excerpts from Popov’s letter did not provide much insight into
Popov’s activities in the nearly three-year
period between his first presentation at
the Society meeting on May 7, 1895, and
the date of his letter, which Georgievsky
said was written to Ducretet at the end
of 1897. Since Georgievsky was quoting
from a draft, he apparently did not have
a copy of Popov’s actual letter, and Süsskind was unable to locate a copy of his
letter in the course of his comprehensive
review. The Bulletin of the International
Association of Electrical Engineers for the
year 1898 contains the papers presented
at the meeting on January 12, 1896, to
which Georgievsky alluded, but there is
no reference to a Ducretet paper or Popov’s letter.45 In fact, there is no mention
of a letter from Popov anywhere in the
Association’s bulletin for the entire year.
However, Popov’s letter was mentioned in a paper by G. Goisot, who
reviewed Popov’s accomplishments in
the May 1898 issue of L’Éclairage Électrique.46 Goisot ended his paper with the
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following comment: “The small amount
of information that we have gathered
here comes from the publications made
by the Russian professor [Popov] and
from a letter he wrote recently.” Some
of the accomplishments mentioned in
this paper are tantalizing. For example,
Goisot provides a timeline for some of
Popov’s accomplishments: “After a few
modifications in the choice of the filings [coherer] and the dimensions of the
vibrator, he [Popov] obtained, in April,
1897, signals at distances of more than
one mile.” Because Popov’s letter was said
to contain a “description of the course of
his works on the question of the transmission of long-distance signals using
electromagnetic waves,” it must have covered the entire period of Popov’s research
from the onset to the time Popov wrote
the letter in late 1897. In fact, it did.
Discovery of Popov’s Letter Dated
January 23, 1898
It turns out that Popov’s letter does
exist, and I found it quite by accident
in an unlikely place. It appeared in a
book published in French by historian
Jean-Claude Montagné in 1998 entitled
Eugène Ducretet: Pionnier français de la
Radio.47 Apparently, no one else with
interest in Popov’s priority in radio
telegraphy has come across it, because
a search of the recent literature on the
priority of Popov in radio did not turn
up any articles referencing this book or
the existence of Popov’s letter.48
Montagné described the provenance
of the letter from Popov to Ducretet,
which was dated January 23, 1898.
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He states that Popov wrote the letter
in response to an earlier request from
Ducretet to provide information on
Popov’s activities with his storm detector apparatus. Popov’s letter was included
in the collection of Ducretet’s papers
that was handed down to his grandson,
Bernard Ducretet. Bernard held Eugène’s
papers until the late 1960s, when Bernard
made arrangements to transfer most or
all of this collection to the French Académie des Sciences in Paris, one of five
academies constituting the Institut de
France. Montagné’s account was corroborated by an article found in a 1969
issue of the Review des Deux Monde in a
column entitled “A L’Institute” (At the
Institute), announcing an agreement for
the transfer of Eugène Ducretet’s papers
from Bernard Ducretet to the French
Académie des Sciences.49
Popov’s letter rested quietly in the
archives of the Académie until the late
1990s, when historian J. C. Montagné
began to research the documents in the
Ducretet collection for a book covering
Ducretet’s activities in radio. His book
contains reproductions of dozens of documents in the Ducretet collection held
by the Académie, not just Popov’s letter.
There is no indication that Montagné
was aware of the relevance of Popov’s
letter to the issue of Popov’s priority in
the discovery of radio. His book was selfpublished and printed only in French,
which probably accounts for the reason
Popov’s letter has remained in relative
obscurity.
The introduction in Popov’s letter to Ducretet appears on page 47 of
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Montagné’s book, but the main body
and signature page appear on pages 137
to 141. Popov wrote his letter to Ducretet
in French, and there are a few obvious
spelling errors in Popov’s French. The
following translation was produced by a
professional translator proficient in scientific French, and the original letter in
French can be found in Montagné’s book,
which is readily available. The paragraphs
from Popov’s letter are reproduced in
italics below to distinguish them from
all other comments or quotations.
According to Ducretet, Popov’s letter,
dated January 23, 1898, from Kronstadt,
was written in almost perfect French.
Popov’s letter begins:
“Sir,
Thank you for your interest in my work
and it is with pleasure that I respond
to your request. I have translated some
excerpts from my 1895 article [published
in January 1896] and I attach a brief
description of my later experiments. Most
sincerely yours,” 50

Note that Popov is responding to
an earlier request from Ducretet to provide him with information about the
apparatus he had described in his 1896
publication and any later experiments he
had performed that were not covered in
his publication. Popov’s letter was accompanied by a number of drawings of the
various apparatus he used over the three
year period between early 1895 and early
1898. The drawings of his apparatus,
which are reproduced here as Fig. 16,
appear on a single plate in Montagné’s

book.51 Popov referenced these drawings
using the circled numbers that appear
on the individual drawings. Popov’s
drawings are spectacular because they
are the only ones known to exist that
detail virtually all of the receiver and
transmitter apparatus that he developed
and tested from the outset of his work
with his coherers, tapper-back receivers,
storm detector receivers, transmitters,
and antennas, beginning in late 1894
or early 1895, to the date of his letter to
Ducretet, dated January 23, 1898.
Popov divided his rather long letter
into two parts. In the first part, Popov
wrote that he “translated some excerpts
from my 1895 article [January 1896 publication].” In the second part, Popov
writes that he “added a brief description
of my later experiments.” This division
is important because the description in
the first part of his letter was identical
to the account he published previously
in his January 1896 paper, which was
translated into English in 1900.52 There
is no point in reproducing the entire
first part, although several particularly
relevant passages from the first part will
be discussed here. The second part of the
letter is a different story. He stated that
the activities described in the second
part had never been documented before,
and in fact, there is no known English
translation of this letter available in the
literature. The entire second part of the
letter will be reproduced in English and
discussed in its entirety. All references to
Popov’s drawings in the letter are identified in the format he used, namely circled
numbers such as j.
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Fig. 16. Popov’s letter was accompanied by these drawings of the various apparatus he used
over the three year period between early 1895 and early 1898. (J. C. Montagné, Plate 2 between
pp. 128 & 129)
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Popov’s Letter Summarizes
His January 1896 Publication
Tapper-Back Apparatus: Popov began

his letter by summarizing the apparatus
he described in his 1896 paper, which
included: 1) the coherer, 2) the tapperback receiver, and 3) the storm detector.
The coherer, identified as drawing j
in Fig. 16, was identical to the one in
his January 1896 publication. However,
the tapper-back apparatus, identified as
drawing k in Fig. 16, was not quite
the same as the tapper-back apparatus
that appeared in his publication. The
tapper-back receiver is that portion of
the storm detector that Popov used in

all of the sensitivity tests he conducted
at the Torpedo School.
In this drawing, which is enlarged
in Fig. 17, Popov added a ground wire,
which was never used with the tapperback receiver. Popov used only a single
short wire attached to one of the two
ends of the coherer, a wire that could
be construed as an antenna. He never
performed any sensitivity tests with a
ground wire attached to the other end,
such as the one Popov showed in Fig. 17.
This is clear from the descriptions of the
following three sensitivity tests described
by these numbers in the main body of
his letter:

Fig. 17. Popov has added an antenna and ground wire to his tapper-back apparatus, neither
of which appeared in the tapper-back apparatus pictured and described in his January 1896
publication. (J. C. Montagné, Plate 2 placed between pp. 128 & 129)
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“1) The apparatus [drawing ] responds
to the discharge of an influence machine
[e.g., a Wimshurst machine] across a
large auditorium if parallel to the direction of the discharges, a thin wire 1–2
meter long is attached to point A or B
[either end of the coherer in drawing ] in order to increase the energy
reaching the filings.” 53
“2) By adding a thin vertical wire 2–3
meters long, the apparatus [drawing ]
responded in the open air, at a distance
60–70 meters, to the vibrations produced
by the large Hertz vibrator—square
sheets 40 centimeters on a side with
sparks in oil.” 54
“3) Placed in a closed zinc case, the apparatus [drawing ] did not respond to the
discharges generated in its immediate
neighborhood. But if an insulated wire,
connected with one of the points A or B
[drawing ], protrudes from the case
with its end projecting 10–15 centimeters,
the apparatus responds to vibrations produced by small Righi or Lodge, or similar
transmitter to a distance of 5 meters. If
one lengthens the outside portion of the
wire—the sensitivity of the apparatus
increases considerably.” 55

These three test results appearing
in Popov’s letter were the only ones he
mentioned in his original 1896 publication in which the tapper-back receiver
was excited by a spark source at a distance. The maximum range that Popov
reported receiving signals radiated by
his 40 cm Hertz vibrator is the same in
this letter as it was in his original paper,
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namely 60–70 meters. The remaining
test results numbered 4 through 8, which
he included in this letter, but are not
reproduced here, are identical to the
numbered test results that appeared in
his 1896 paper. These test results, which
can be read in the Electrician previously
referenced,56 pertain to configurations
where wires from spark sources were
placed in direct contact with one end
of the coherer. They have nothing to do
with the sensitivity of the apparatus to
radiated electromagnetic fields.
Popov’s Description of His Storm Detector:

Popov did not introduce a ground wire
into his apparatus until July 1895, when
he created a storm detector by adding the
following components to his tapper-back
receiver:
(1) A Richard Brothers register to record
electrical energy produced in the atmosphere,
(2) A lightning rod on the roof of the
Meteorological Observatory at the
Forest Institute to act as an antenna
to collect and conduct current to the
storm detector receiver, and
(3) A lightning arrester with a ground
wire to protect the coherer from the
lightning. These three components
are shown in two of Popov’s drawings of his storm detector installed at
Meteorological Observatory (drawings l and  in Fig. 16). These two
drawings are enlarged and reproduced here as Fig. 18.
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signal delivered from the lightning rod
to the coherer, but to limit the voltage
across the coherer. It was pointed out earlier that Popov was not aware a ground
wire would increase the sensitivity of
his apparatus because he never took any
data on the sensitivity of his tapper-back
receiver using a ground wire at the Torpedo School.
The Richard Brothers register shown
in the lower left of Fig. 18, drawing ,
was of particular interest to Popov. In his
letter he described it as follows:57

Fig. 18. Annotated drawing of Popov’s storm
detector installed at Meteorological Observatory (drawing ), and his comb lightning
arrester installed across the coherer of his
storm detector (drawing ). Note the telegraph tape attached to the Richard Brothers register. (J. C. Montagné, Plate 2 placed
between pp. 128 & 129)

Popov’s drawing l in Fig. 18 shows
the lightning arrester (parafoudre)
placed directly across the coherer (tube
de Branly). Recall in Popov’s 1896
publication, he wrote that a lightning
arrester was to be placed “parallel with
the coherer tube.” In his drawing l,
one side of the lightning arrester was
connected to the lightning-rod (paratonnerre) terminal of the coherer, and the
other side of the lightning arrester was
connected to ground (terre). This drawing makes it clear that Popov attached
one end of the coherer to ground to protect the coherer—not to increase the

“Each operation of the apparatus is
recorded on a telegraphic tape which
is set in motion by a 12-hour cylinder
(Richard Brothers recorder). The speed
of displacement of the tape is 23 mm
per hour; on the tape we can distinguish
lines, following one after the other…”

Popov had attached a ribbon used
with Morse telegraphic registers to the
cylindrical drum of the Richard Brothers
register, which rotated at a rate of 23 mm
per hour to record lightning discharge
events. By marking transverse ink pen
strokes on the tape rather than on the
paper attached to the drum, the register
was able to operate for multiple revolutions of the drum (one revolution per
12 hours) without overwriting the tape.
While this configuration may have been
suitable for registering many individual
lightning strokes, which generally occur
at a maximum rate of a 1–10 strokes per
minute during a storm, it was not suitable for recording multiple pulses used
in radiotelegraphy, which required pulse
rates of 50 to 100 sparks per second.
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A typical Morse register operated with
tape speeds of 1 to 10 inches per second—as compared with Popov’s register
that operated at one inch (~23 mm) per
hour. Georgievsky would later report in
an article published in 1925 that Popov
“recorded these signals on the ticker tape
of an ordinary telegraph machine.” 58
This statement has been interpreted by
some to mean that Popov replaced the
Richard Brothers register with “an ordinary telegraph machine,” but it is obvious
from Popov’s drawing that he actually
added the ticker tape of “an ordinary
telegraph machine” to the drum of the
Richard Brothers register.
The first part of Popov’s letter ended
with the same words that he used to end
his December 1895 paper (published
in 1896):
“In conclusion, I can express the hope
that my apparatus when perfected can
be applied for the transmission of signals
at a distance by means of rapid electric
vibrations, when a generator of these
vibrations that is of sufficient power has
been found. (End of translation of the
article).”

Popov then went on to state that the
work he performed after the publication
of his paper in 1896 had not been documented previously:
“This is the last sentence of my article
written in 1895 and dated Kronstadt,
December 1895. My works that follow have not been written up as of the
present.” 59
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Indeed, no contemporaneous writings or publications describing the work
Popov performed on electromagnetic
transmission and reception of electrical
oscillations during the two year period
from January 1896 to January 1898 have
been found.
Popov’s Letter Summarizing His
Unpublished Work between January
1896 and January 1898

The entire second part of Popov’s letter
has been translated and reproduced here
in the chronological order as it appeared
in his letter. Comments on Popov’s text
are made, as appropriate, both before
and after each passage.
Popov’s Presentation to the Imperial Technical Society in Kronstadt (January 1896):

Popov began the second part of his letter
with the disclosure regarding a lecture he
gave to the Imperial Technical Society in
Kronstadt in January of 1896 (the same
month his first paper dated December
1895 was published):
“In January 1896 my apparatus was
presented to the meeting of the Imperial
Technical Society in Kronstadt. Specific
and distinct signals were sent by the bell
apparatus through several rooms and
walls of the same building. Electric waves
were generated by the Hertz vibrator.
The receiver’s tube [coherer] was also
connected to square sheets similar to
those of the vibrator. In this meeting,
I demonstrated the possibility of practical experiments with this device for the
Navy.” 60
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As Süsskind pointed out, there was
no documentation about a meeting in
January 1896 with the Imperial Technical Society in Kronstadt, much less
any detail about what happened there.
Popov’s paragraph is interesting for two
reasons. Popov said he used two Hertz
dipoles (resonant at short wavelengths)
during his test (one for the transmitter
and one for the receiver), so he used no
ground wires and no monopole antennas
for either the transmitter or receiver. He
also said that the apparatus was contained in the same building, which made
it a very short-range test. And there was
no mention of transmitting or receiving
messages.
Popov stated that he made this presentation to the Imperial Russian Technical Society, known by the initials IRTS,
which was the oldest and most important
technical organization in Imperial Russia, founded in 1866. It brought together
scientists, engineers, and other industrialists interested in promoting technological development. It was subsidized by
the Ministry of Education, the Ministry of Finances, and industry—with no
mention of sponsorship by the Russian
Navy.61 Popov’s presentation to members of the Imperial Technical Society
is prima facie evidence that Popov was
not prohibited by the Russian Navy from
revealing the details of his technology in
an unclassified format.
Popov’s Presentation to the PhysicoChemical Society in March 1896: Popov

continued his letter by describing the
presentation he made at a meeting of

the Physico-Chemical Society in March
1896:
“At the meeting of the Physics Society in
March [1896], I exhibited several optical
experiments, arranged by Prof. A. Righi,
with Hertz rays, using the vibrators built
based on the design and dimensions of
those of Mr. A. Righi.
“My apparatus, enclosed in the metal
box with a battery of two small cells,
was connected to the end of an appropriately dimensioned cylinder, placed in the
focus of the parabolic cylindrical reflector
[drawing ]. It was during my leisure
time that I worked in this direction.” 62

The terse minutes of the PhysicoChemical Society meeting in March 1896
supported Popov’s letter: “A. S. Popov
shows instruments for the lecture demonstration of the experiments of Hertz.
A description of their design is already
in the Zh. R. F.-Kh. Obshchestva.” The
experimental configuration defined by
Righi for detecting the reflected Hertzian waves in the room where Popov gave
his lecture is shown in the drawing … of
Fig. 16, which is enlarged here in Fig. 19.
The primary dimension of the parabolic
reflector used as part of the receiver is
shown as 400 mm (15.7 inches). There
can be no doubt that Popov presented
optical experiments with Hertz oscillators using the design and dimensions of
Righi’s oscillators.63 It is improbable that
Popov first gave an unclassified lecture
on the optical properties of Hertzian
waves, which would have been of interest
to scientists, and then followed it with
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Fig. 19. Popov wrote to Ducretet that he used this receiver in his lecture to the Physico-Chemical
Society in March 1896 to reproduce optical experiments based on the design and dimensions
of apparatus arranged by Prof. A. Righi. (J. C. Montagné, Plate 2 placed between pp. 128 & 129)

a classified lecture demonstrating the
transmission and reception of messages
for use by the military.
Popov does not mention transmitting
and receiving messages at this meeting
in his letter. If there was a prohibition
on Popov for disclosing the transmission
and reception of messages at the meeting in March 1896, which many Popov
supporters have claimed, there clearly
was no prohibition on Popov preventing
him from writing this letter to Ducretet
in which he disclosed the key details of
his technology, including schematic diagrams—not to mention his test results.
Last but not least, Popov wrote in
the second paragraph that it was “during my spare time that I worked in this
direction.” The reference to “this direction” was experimentation with Hertzian radiation. Popov had admitted that
he had turned his attention elsewhere.
Indeed, beginning in January 1896, he
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turned his attention to the subject of
X-rays and was no longer working with
Hertzian waves. His comment about
working at his “leisure” implies that he
was not being funded to develop wireless
telegraphy during 1896.
Popov’s Response to News of Marconi Transmissions (September 1896): Popov goes on

to describe the letter he published in the
local newspaper, Kotlin, for all to read,
which described the experiments he had
performed with his apparatus:
“When I received the first communications on Mr. Marconi’s experiments (September 1896), I recalled my experiments
in our naval newspaper, Kotlin, where
I expressed the assurance that my device
probably figured in the experiments of
Mr. Marconi, and that with it, wireless
telegraphy is possible at a distance of a
mile.” 64
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This information is important for two
reasons. First, Popov had no knowledge
that telegraph messages with Hertzian
waves could be sent to much longer distances than he had reported before the
September 1896 disclosure of Marconi’s
data. With the information from Marconi’s experiments, he was rejuvenated and
planned to perform additional experiments in the future. As stated before,
it is difficult to credit Popov with the
discovery of radio using any experiments
he performed after this date, not only
because he then had prior knowledge of
Marconi, but also because by September 1896, Marconi had not only filed
a preliminary patent describing a system of Hertzian telegraphy, but he had
also demonstrated the transmission and
reception of messages to a distance of
1¼ miles in the presence of government
officials in England.
Second, the fact that Popov published
his experimental work in Kronstadt’s
local newspaper, Kotlin, is again prima
facie evidence that Popov was under no
prohibition to publish his work. Biographer M. Radovsky documented Popov’s
other publications describing experiments with electromagnetic energy in
the Kotlin newspaper, which he said were
of general interest. This newspaper was
not a classified or restricted newspaper.65
Popov Began New Experiments in April 1897:

Popov continued his letter by describing
an improved coherer, the use of larger
vibrators, and a different, more sensitive
relay. The ensuing experiments using
these improved designs, which began
in April 1897, showed increases in the

maximum range of detection from
60–70 meters to distances of 1 to 5 kilometers. The words in parentheses in the
following account appear in the letter:
“After having used fine grains of steel
(used for packing) in a sensitive tube
instead of filings and the Hertz vibrator (two spheres 30 cm in diameter), I
reached a signal distance of just under
one kilometer, and when I replaced the
telegraph relay with another—with
moving frame (precision voltmeter with
additional contact)—then I reached a
distance of more than 1.5 kilometers.
“These experiments were conducted
in April 1897. After constructing even
larger vibrators, similar to the those of M.
Righi described in Lumière Électrique,
volume XXVIII, p. 59,66 I reached distances of more than 5 kilometers with
distinct signals using only an insulated
vertical conductor 18 meters in length
and grounding; the experiments were
conducted over the ocean; the experiments were started before the publication
of Mr. Marconi’s work and continued
afterwards.” 67

Popov claimed that he began to perform additional experiments with his
apparatus sometime in April 1897 using
a new coherer made with fine grains of
steel, which Popov said were used for
packing. According to the literature, fine
gains of steel used for packing at that
time were typically spherical steel balls
with a diameter of about 3 mm.68 He
also said he used a Hertz vibrator as a
source with two spheres 30 centimeters
in diameter (see drawing o in Fig. 20).
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Fig. 20. Beginning in April 1897, Popov used a Hertz vibrator as a source with two spheres 30
centimeters in diameter (drawing o); later Popov used a Bjerknes vibrator with two 90 cm disks
similar to one M. Righi described in 1893 (drawing p). (J. C. Montagné, Plate 2 placed between
pp. 128 & 129)

Note that Popov’s Hertz vibrator in this
figure did not have a vertical antenna or
ground wire.
Popov wrote that he was able to detect
signals at a distance of 1½ km (approximately one mile), but he did not claim to
have transmitted or received messages.
Recall that by May 13, 1897, Marconi
had transmitted and received messages
in the presence of multiple witnesses at a
rate of 12 wpm across the Bristol Channel
at a separation distance of 9 miles.
Popov wrote that after performing
the experiments beginning in April
1897 using a Hertz vibrator with two
30 cm spheres, he went on to use a larger
Bjerknes vibrator with two 90 cm disks
similar to one M. Righi described in
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La Lumière Électrique.69 Popov’s version of the Bjerknes oscillator described
in Righi’s article is shown in his drawing p (see Fig. 20). The sparking plates
at the center of Popov’s oscillator were
immersed in an unspecified fluid, presumably oil, to make the spark performance more reliable. Based on the
Righi article, the wavelength of Popov’s
Bjerknes oscillator would have been 4.1
meters (73 MHz). However, with Popov’s
90 cm disks, the wavelength may have
been as long as 9 meters. The two wires
touching either side of the Bjerknes vibrator in Popov’s drawing are feed points
for the high voltage source—presumably
a high-voltage induction coil—not an
antenna and ground wire.

Wenaas

Popov reported that he was able to
detect signals from his Bjerknes oscillator
source at a distance of 5 km (3 miles)
with a vertical wire on his receiver of 18
meters and a ground wire. Popov concluded by saying the experiments started
before Marconi’s work was published and
continued afterward. Thus, there is no
way to know if the distance of 1 km he
reported in his letter was obtained before
or after the publication of Marconi’s
results in June 1897. The results using the
larger Bjerknes oscillator, which Popov
said he constructed later, were certainly
not obtained before Marconi’s successful experiment at the Bristol Channel
in early May 1897, and most likely not
before Preece published the results of
Marconi’s work in June 1897.
Popov’s Observations on Resonance: Popov

continued his letter with these observations on the need for improvement in
vibrators and his belief that resonance
was not needed:
“But I have not had time to obtain results
that could be compared with the devices
used in Marconi’s experiments. My subsequent experiments, which Marconi introduced by as being necessary, gave me no
reason to investigate them in more detail.
And now as before, I believe the practical
application of the signals are possible only
with the improvement of the vibrators,
for my observations with the apparatus
that registers the atmospheric discharges,
do not appear to require a Branly tube of
extreme sensitivity to the electromagnetic
waves; also I do not give much importance
to the need for electrical resonance.” 70

Clearly, Popov believed the “practical
application of the signals” for wireless
telegraphy depended on finding more
powerful vibrators, and he did not believe
that making the transmitter and receiver
resonant with each other was important. History has shown that he was
wrong on both counts. Popov did not
use monopole antennas on any of his
transmitters up to the time he wrote this
letter, nor did he use dipole vibrators with
lengths greater than a few meters for
his transmitters, nor did he try to tune
the transmit or receive antennas to the
same wavelength. Marconi found these
three features were critical to sending and
receiving messages to longer distances
with spark sources.
Popov’s Recordings of his Richard Brothers
Register: Popov wrote that he was includ-

ing a photographic copy of a recording
from the tape attached to the drum of
his Richard Brothers register:
“I attach here a photographic copy of some
of the types of recordings, taken with my
camera last summer (1897). This apparatus is 10–20 times less sensitive when
compared to the apparatus that was used
for long-distance signaling.” 71

Montagné’s book does not include a
photographic copy of Popov’s recordings
referenced in Popov’s letter. However,
Popov did reproduce a copy of such a
recording in his December 1897 letter
to the Electrician (see Fig. 15), which
was written at the same time he wrote
his letter to Ducretet.
By stating that the apparatus used
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for the recordings was 10–20 times less
sensitive than the apparatus he used for
the new long-distance signaling, it is
clear he is referring to a recording from
his storm detector, which obviously still
had the Richard Brothers register with a
telegraph tape wound around the cylindrical drum as late as the summer of
1897. This statement is further evidence
that he had not replaced his Richard
Brothers register with a true Morse register by the summer of 1897.
Popov’s Concept of a Telegraph Receiver:

The last entry in Popov’s letter was his
view of the design of an appropriate telegraph receiver for Morse code:
“Among some configurations of triedand-true telegraphic apparatuses, I prefer
the simpler ones: an ordinary Morse telegraph recorder that is set in motion by the
same hammer of the vibrator, which at
the same time is used for shaking the sensitive coherer. The coherer is mounted on
a light support and is movable above the
bell hammer, which is fully closed in the
iron box. The tube circuit and the shaker
operate each by two stacks of Léclanches
[1.5 volt batteries] independently.” 72

By 1898, Popov’s concept of a telegraph receiver was to place the coherer
circuit and telegraphic register in separate
shielded compartments with a mechanical link between the tapper-back hammer that returns the coherer sensitivity
at the same time it sets the recorder in
motion (see Fig. 21). But an ordinary
Morse register was not set in motion
with each received pulse. It was set to
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Fig. 21. Popov’s concept of a telegraph receiver
with the coherer circuit and telegraphic register located in separate shielded compartments with a mechanical link between the
tapper-back hammer that returns the coherer
sensitivity at the same time it sets the recorder
in motion. (J. C. Montagné, Plate 2 placed
between pp. 128 & 129)

operate at a very constant speed so the
spacing between the dots and dashes
could be resolved to distinguish individual letters and words. Perhaps Popov
meant that the pen of the register was
set in motion by the impulse from the
hammer. But that does not work because
the register pen would then leave only a
series of dots and no dashes, whereas the
ordinary Morse register recorded a series
of dots and dashes with the appropriate
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spacing between them. This becomes
problematic when a single dot of Morse
code is represented by multiple sparks,
as it generally was.
Note that Popov’s idea of a telegraph
receiver at the time of his letter in January 1898 resembled that of Marconi’s
original telegraphic receiver, more so
than Popov’s own storm detector as it
was described in 1895−1896. In Popov’s
letter, he suggested using separate batteries for the coherer and the Morse register
circuits, eliminating the sounding bell
from the coherer circuit, and replacing
his Richard Brothers recorder (which
could not register Morse code signals)
with an “ordinary” Morse register to
record the dots and dashes of Morse
code.
Takeaways from Popov’s Letter

1. The demonstrated range of Popov’s
apparatus before April 1897 was very
short; according to Popov’s letter it
was a maximum of 60–70 meters.
Popov began a series of experiments
in April 1897 using a Hertz dipole
vibrator with 30 cm spheres attached
to either end. He reported extending
his range of detection to 1.5 km, but
he did not mention anything about
using a vertical antenna wire on his
receiver. At a later unspecified date,
he used a larger Bjerknes dipole vibrator with 90 cm disks at either end,
and he “reached distances of more
than 5 kilometers (3 miles) with
distinct signals” using an insulated
vertical conductor of 18 meters and a
ground wire on his receiver. This distance was commensurate with what

Thomas Edison had demonstrated
(2½ miles) using a quasi-static electric-field induction technique well
before Hertz.73
2. Popov never stated anywhere in this
letter that he sent telegraphic messages to any distance. He claimed
only to receive “signals” in the context of characterizing the maximum
range of his receivers.
3. In all of Popov’s range tests, he said
he used only dipole radiators (vibrators) for distant sources (Hertz and
Bjerknes dipoles, or in one case, an
influence machine). He never used
a monopole radiator (a vertical wire
and a ground) as a source. He did
use a vertical antenna and ground
on his storm detector receiver at the
observatory beginning in July 1895,
and on his receiver that he used for
sensitivity testing beginning sometime in April 1897.
4. Perhaps the most important statement Popov made in the entire letter
is that he believed practical telegraphy was not possible without a
larger vibrating source, something
he had not developed at the time.
His letter states: “And now as before,
I believe the practical application of
the signals are possible only with the
improvement of the vibrators, for my
observations with the apparatus that
registers the atmospheric discharges,
do not appear to require a Branly
tube of extreme sensitivity to the
electromagnetic waves; also I do not
Volume 33, 2020
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give much importance to the need
for electrical resonance.” This is an
admission that Popov did not believe
his apparatus constituted a practical
application of Hertzian signals—a
practical application being a fundamental requirement for invention.
5. This letter is prima facie evidence
that Popov was not constrained in
what he wrote by considerations of
secrecy.
The Soviet Union Asserts that
Popov Invented Radio (April 1925)
The credit for inventing radiotelegraphy, or more properly a practical radiotelegraph system, was hotly contested
in the period between 1897 and 1925,
but there was very little enthusiasm in
Western Europe and the Americas for
considering Popov as one of the leading candidates. In fact, virtually no one
outside of Russia even knew of Popov’s
work until well after Marconi’s Hertzian
telegraphy system had been revealed by
Preece in June 1897.
After Marconi’s transatlantic experiment in December 1901, Marconi
became the leading candidate, although
many claimed that Marconi did not
really invent anything new and that
radiotelegraphy was actually invented
by many people: Hertz for the Hertz
oscillator that generated electromagnetic
radiation, Branly for the sensitive coherer
that detected electromagnetic radiation,
Lodge for the automatic tapper-back systems using either a doorbell mechanism
or a clockwork tapper-back that restored
a coherer to sensitivity, and Righi for
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an oil-immersed spark-gap actuated by
two external gaps that generated sparks
efficiently and reliably. But none of these
individual inventions constituted an
invention of a complete radiotelegraphic
system. The person who first put them all
together and demonstrated long-distance
transmission of messages for practical
applications ultimately deserved credit
for inventing a system of radiotelegraphy.
Soviet Union apparatchiks changed
this dialog in 1925 when they decided
to promote Alexander Popov as the
inventor of radio, but with virtually no
supporting documents. The first volley
in this concerted effort began in April
1925 with the publication of a 30th anniversary issue of the venerable Russian
electrical journal, Electricity, which celebrated Popov’s discovery of radio. This
issue of Electricity was published in both
Russian and French. I arranged to have
relevant portions of the issue published
in Russian translated and reproduced
in English in exactly the same format
as the Russian version.
The Table of Contents page of this
issue is reproduced in English in Fig. 22,
just as it appeared in the Russian version.
The first article beginning at the bottom
of the contents page is a reproduction of
the minutes of the meeting on April 25,
1895, O.S (see arrow in Fig. 22). A complete translation of these minutes has
already been reproduced in the sidebar
appearing earlier. The most interesting
articles describing Popov’s work on wireless are the first three, which were written
by V. K. Lebedinsky, N. N. Georgievsky,
and P. N. Rybkin.
In May 1925, after the anniversary
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issue had been published, Soviet scientist
Victor Gabel wrote a letter to Wireless
World magazine in London to inform the
editor that the Soviet Union had claimed

it was Popov who invented radio as a
result of Popov’s transmission of a radio
message at the meeting of the PhysicoChemical Society on May 7, 1895:

Fig. 22. The “Table of Contents” page of the 30 th anniversary issue of the venerable Russian electrical journal, Electricity (Elektrichestvo), which celebrated Popov’s invention of radio on May 7,
1895 (April 25, 1895, O.S.), ends with a reproduction of the minutes of the meeting in 1895 at
which Popov was said to have invented radio. (Electricity, Apr. 1925, p. 206)
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“May 7th marks the thirtieth anniversary of the first successful transmission by the Russian wireless engineer,
Alexander Stepanowitch [sic] Popoff, of
a communication by means of electromagnetic waves. It was on May 7th,
1895, that this engineer gave a practical
demonstration before the Chemical
Society of Russia in the Chemical Laboratory of the St. Petersburg University.
The receiving station, on the occasion
of this experiment, was located at a
distance of 40 meters from the transmitter. As each signal in Morse code
was received, the President of the Society wrote the corresponding letter on
the blackboard, and the enthusiasm of
the audience was very great when the
words ‘Heinrich Hertz’ were eventually
spelt out.” 74

Gabel was the first to publicly state
that Popov had transmitted a message
by Morse code, and more specifically
a transmission of the words “Heinrich
Hertz” at the May 7, 1895 meeting. Popov
never declared that he sent a message by
Morse code during this early period, and
certainly not the words “Heinrich Hertz”
at the May 7th meeting. In fact, there
was nothing in any of the articles in the
anniversary issue of Electricity that even
referred to a transmission of messages by
Popov, much less the words “Heinrich
Hertz.” The only reference to Popov’s
“radio receiver” at the meeting on May 7,
1897, was the following statement in an
article appearing in the April 1925 anniversary issue of Electricity by Professor W.
C. Lebedinsky, an assistant to Popov in
the early period:
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“Popov held the first public demonstration of his radio receiver at the meeting of the Physics Association of St.
Petersburg on April 25 (May 7, new
calendar), 1895.”

The editor of Wireless World must
have been surprised to hear from Gabel
that Popov had invented the first radio,
since he immediately wrote Victor Gabel
for clarification. There is no indication
of what type of clarification the editor of
Wireless World was seeking, but there is
one obvious problem with Gabel’s letter,
which has never been chronicled before.
Perhaps the editor of Wireless World
asked for clarification because he, too,
noticed the faux pas in Gabel’s letter,
which is described next.
Gabel wrote, “the President of the
Society wrote the corresponding letter on
the blackboard” on the day of the “Heinrich Hertz” demonstration (April 25,
1895, O.S.). However, the president of
the Physico-Chemical Society was F. F.
Petrushevsky, and the minutes of that
meeting on April 25, 1895, which were
reproduced on the Table of Contents
page of Electricity in April 1925, begin
with: “Due to the illness of F. F. Petrushevsky, the session is chaired by Prof.
I. I. Borgman.” (See the arrow on the
Table of Contents page reproduced here
as Fig. 22.) Thus, Gabel’s letter stating
that Popov’s “Heinrich Hertz” message
was translated at the blackboard by
Petrushevsky on May 7, 1895 (April 25,
1895, O.S.) is directly refuted by the contemporaneous minutes of the meeting
taken down that day—a copy of which
appeared prominently on the Table of
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Contents page in the anniversary issue
of Electricity.
Gabel Notifies Wireless World
of a Change in Date for Popov’s
Demonstration (Feb. 1926)
After the editor of Wireless World asked
Victor Gabel for clarification, Gabel
looked into the matter by contacting
three Torpedo School professors who
claimed they were in attendance at the
meeting where Popov was supposed
to have made the “Heinrich Hertz”
demonstration: O. D. Khvolson, V. V.
Skobeltsin, and V. K. Lebedinsky. The
three professors wrote letters to Gabel
to document their recollections, and all
remembered that the demonstration had
taken place in 1896, with two professors
specifically remembering it occurred at
the March 12, 1896 (O.S.), meeting of
the Physico-Chemical Society. Gabel
then wrote to the Wireless World again
in February 1926, confessing that he was
mistaken about the date of the first successful transmission by Popov. This time
he claimed that the “Heinrich Hertz”
demonstration actually took place at the
spring meeting of the Russian PhysicoChemical Society on March 24, 1896
(March 12, 1896, O.S.):
“I regret that on account of some
unfortunate misunderstanding my
information regarding the transmission by means of Hertzian waves of the
words ‘Heinrich Hertz’ in the Morse
alphabet at the meeting on May 7th,
1895, was incorrect. On that occasion Prof. A. S. Popoff demonstrated
only with a receiving set consisting of

a Branly coherer, a relay, and an electric
bell which automatically tapped the
coherer. All the apparatus was enclosed
in a metallic case, out of which protruded a small antenna. By taking away
the antenna Prof. Popoff demonstrated
the decrease of reception. A receiving
set was operated from a Hertz vibrator.
The transmission of words in the Morse
alphabet was demonstrated by him on
March 24th, 1896; also at a meeting of
the Russian Physico-Chemical Society.
Transmission was conducted at a distance of about 250 metres (with two
antennas, one for receiving and one
for transmitting). I beg you to publish
this letter in one of the numbers of
your esteemed journal. Victor Gabel,
Leningrad.” 75

The letters that the three professors
wrote to Gabel with their recollections
were subsequently published in the July
1926 issue of the Russian journal Wireless Telegraphy and Telephony.76 The letter
that Lebedinsky wrote to Gabel, dated
January 26, 1926, directly contradicted
the statement he made in the paper that
he wrote for the 1925 anniversary issue of
Electricity. Recall that Lebedinsky wrote
in his 1925 paper: “Popov held the first
public demonstration of his radio receiver
at the meeting of the Physics Association
of St. Petersburg on April 25 (May 7, new
calendar), 1895.” But in his 1926 letter
to Gabel, Lebedinsky wrote something
totally different:
“The first demonstration at the Physics Association took place on May 7,
1895 (new calendar) in the old Physics
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Office of St. Petersburg University, at
which Popov demonstrated the receipt
of electromagnetic wires from a Hertzian vibrator by a device equipped with
a Branly coherer, a relay, and an automatic striker, enclosed within a socalled Faraday cell, from which a small
antenna rose. By removing that last
item, Popov demonstrated how the
signal worsened. The 30 th anniversary
of that meeting also served as an occasion to celebrate the anniversary of the
invention of the wireless telegraph in
May 1925.”

In 1926, Lebedinsky said that in
1895 Popov had only demonstrated the
signals were worsened when a wire was
removed from his experiment, not that
Popov had transmitted a message or
invented radio. And then in the very
last sentence, Lebedinsky asserted that
this “non-demonstration of radio” in
May 1895 also served as an occasion to
celebrate Popov’s invention of the wireless telegraph—that now, according to
Lebedinsky, supposedly took place in
1896—thereby setting the date of the
occasion to celebrate Popov’s invention
a year before the supposed date of discovery. This is but one example of the
duplicity that appeared in the letters
that were subsequently published in the
Russian journal Wireless Telegraphy and
Telephony.
Another example of duplicity is the
following statement, also written by Lebedinsky, in which he claims he had the
telegraph tape of the words “Heinrich
Hertz” that Popov supposedly sent by his
wireless telegraph system in March 1896:
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“A year later, in March 1896, Popov
demonstrated a transmission via the
wireless telegraph, in which, in addition
to the receiving antenna, he was also
already using a transmitting antenna.
The words Heinrich Hertz were transmitted. For a long time, I kept the
ticker tape on which that transmission
had been recorded, but I don’t have it
now, as nearly my entire library was
destroyed in 1918–1919 in Riga, where
I was a professor at the Polytechnic
School from 1913 to 1918. I was personally present at both meetings [May 7,
1895 and March 24, 1896].”

It is very clear that Popov’s Richard
Brothers recorder, which moved at 23
mm per hour, could not have recorded
the “Heinrich Hertz” message because it
moves far too slowly to record telegraphic
messages, and because it does not record
time intervals between pulses, which
are critical to deciphering Morse code
produced by sparks.
It is also clear from Popov’s letter that
he had not replaced the Richard Brothers
recorder with a standard Morse register at
the time of either meeting in May 1895
or March 1896. In fact the evidence is
clear that he hadn’t replaced it as late as
the summer of 1897. Here is a quote from
Popov’s letter dated January 23, 1897:
“I attach here a photographic copy of
some of the types of recordings, taken
with my camera last summer (1897). This
apparatus is 10–20 times less sensitive
when compared to the apparatus that
was used for long-distance signaling.”
That recording appears in Fig. 15, where
it is evident that he was still using the
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Richard Brothers register in his storm
detector. Also, Popov himself wrote in
his paper published in the June 1896
issue of the Russian journal Electricity
that he was still using the Richard Brothers register moving at 23 mm per hour.
Perhaps Lebedinsky read Professor
N. N. Georgievsky’s letter, which also
appeared in an article published in the
anniversary issue of Electricity, where he
described Popov’s apparatus as a “receiver
of long-distance electromagnetic signals,
with the recording of these signals on
the ticker tape of an ordinary telegraph
machine.” It is true that Popov used the
ordinary tape of a Morse recorder with
his Richard Brothers recorder, but not a
Morse recorder.
In noting the many deceptions in
Lebedinsky’s recollections, it is worth
noting that he was also one of the two
editors of the journal Wireless Telegraphy
and Telephony, which was founded in
1918 as a publication of the V. I. Lenin
Nizhniy Novgorod Radio Laboratory.
This is the radio laboratory in which
Lenin took a great interest and used to
implement his vast propaganda program
using radio broadcasts.77
The Soviet Union Intensifies Its
Effort to Establish Popov as the
Inventor of Radio (June 1945)
Most of the scientific world in Western Europe and the Americas was not
impressed by Gabel’s fumbling and conflicting letters that appeared in the Wireless World in 1925 and 1926. The matter
of Popov’s priority in radio rested until
1945, when the Soviet Union redoubled
its efforts to make Popov the recognized

inventor of radio. In June 1945, Soviet
apparatchiks opened a campaign to
convince the world that Popov was the
inventor of radio with press releases
proclaiming that May 7 had been set
aside in Russia to celebrate “Radio Day”
on behalf of Popov. Furthermore, they
claimed that it was fifty years ago on
May 7, 1895 (April 25, 1895, O.S.) that
Popov had successfully demonstrated
radio as a means of communication.78 In
a later publication, the Russian apparatchiks wrote: “the Encyclopedia Britannica
should stop crediting the invention of
radio to Guglielmo Marconi…as its real
inventor.” 79
Despite the fact that there is no evidence whatsoever that Popov had sent
radio messages on May 7, 1895 (April
25, 1895, O.S.), Soviet Russia selected
that date as the occasion when Popov
sent the radio message “Heinrich Hertz.”
Even the Russian professors who claimed
that they were at both meetings deny that
Popov sent the “Heinrich Hertz” message
at the meeting on May 7. Soviet Russians
probably “doubled down” on the date
of May 7, 1895—as opposed to the date
cited by the professors (i.e., March 24,
1896)—in the claims they made in 1945,
because the Soviets had committed to
the earlier date when the decision was
made to publish the 30th anniversary edition of Electricity in May 1925 featuring
Popov as the inventor of radio. A second
reason may have been because Marconi
had already come to England with his
working apparatus by March 24, 1896;
thus, this later date would not have given
Popov clear precedence in the invention
of radio.
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To this day, Russians celebrate Radio
Day on May 7 as an anniversary of the
day that Popov invented radio in 1895.
And to this day, most mainstream

scientists, engineers, and publications
in the West ignore Radio Day in Russia
and Russian claims that Popov invented
radio.

PART II. ANALYSES
There are five sets of analyses intended
to clarify certain issues associated with
difficulties in assigning Popov precedence in the discovery of a practical
radiotelegraph system. These analyses
are intended to demonstrate the following points:
(1) The secrecy of Popov’s wireless activities was a ruse.
(2) The “Heinrich Hertz” demonstration
was flawed.
(3) There was a major distinction between signaling and messaging.
(4) The secret to long-distance radiotelegraphy was embodied in Marconi’s
Law.
(5) The range of spark telegraphy systems
decrease when the antennas are not
resonant.
Secrecy of Popov’s Wireless
Activities Was a Ruse
The greatest difficulty in according priority to Popov for the invention of a
radiotelegraph system is the total lack
of documentation that proved he actually defined a complete and practical
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The AWA Review

radiotelegraphy system capable of sending
and receiving messages before Marconi
documented, patented, demonstrated,
and disclosed a practical method of transmitting messages to practical distances
and at useful data rates. The apparatchiks of the Soviet Union first asserted in
1925 that the documentation for Popov’s
accomplishments did not exist because
the results of his work were considered
to be a military secret. Not only does the
assertion of secrecy not waive a requirement for documentation, but also the
assertion that the Navy required Popov
to maintain “strict secrecy” for his work
is an unlikely claim that is not supported
by the facts.
It was well known that the Russian
Navy was not interested in wireless telegraphy in the 1890s and the first decade of
the 1900s. Here is what Col. I. Mouromtzeff, the former Chief of Russian Radio
Communications, had to say about Russian naval interest in wireless telegraphy
in an article appearing in the Wireless Age
in 1922 (the date range enclosed in parentheses below appeared in the article):
“For a long time (until 1909−10) the
Russian Government, staggering under
the burden of an enormous budget
for the upkeep of a vast army, was
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unwilling to spend money for development along technical lines. This
was especially true of something that
seemed of so little practical importance
as radio telegraphy which then was
looked upon as a modern toy and a
very expensive one. The same attitude
was observable in other countries, the
general conception being that radio
telegraphy could be of little service
except on ships. Even in this case
real faith in it was not expressed until
1909, when the sinking of the Republic
proved its value.…80 Thereafter, many
Russian ships were provided with small
radio sets.” 81

Popov himself published numerous
details of his work at every opportunity. There were at least seven instances
where Popov released information that,

according to the Soviets, was supposedly
“strictly secret.” These disclosures, which
have been identified previously, are listed
in Table 4 with the respective publication
names and dates. Obviously, if there were
prohibitions on his wireless telegraph
activities, Popov ignored them. The letter
he wrote to Ducretet in France, a foreign
power, is the most detailed disclosure of
information on Popov’s activities, which
would have been a blatant violation of
secrecy restrictions, if in fact they had
actually existed.
Even if there had been earlier secrecy
restrictions, it would be ludicrous to
assert that the disclosure of the “Heinrich Hertz” message, supposedly sent in
1895 or 1896 to a distance of only 40
meters or even 250 meters, would have
remained a state secret by January 23,

Table 4. Popov’s public disclosures between April 30, 1895 (O.S.) and January 23, 1898.

*Ranges identified in the letter were disclosed in L’Éclairage Electrique, Vol. 15, No. 22, May 28,
1898, pp. 370−1.
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1898, the date of Popov’s letter. By that
time, Marconi had already disclosed his
equipment and demonstrated sending
messages to distances measured in many
tens of miles—and at word rates greater
than 12 wpm. Yet Popov was completely
silent on the subject of sending any messages to any distance in his letter dated
January 23, 1898.
Wireless telegraphy between ships
at much greater distances had already
been demonstrated with conduction and
induction methods. Semaphore telegraphy with flags or light sources would have
been much easier and cheaper for the projected maximum distances cited at the
time for detection of Hertzian signals.
Also, recall that Lodge had already published the fact that he had transmitted
Hertzian signals to a distance of seventy
yards using a coherer detector in 1894,
and had estimated that the maximum
range of a coherer detector from a source
of electromagnetic waves was about a
half mile (800 meters). Soviet claims for
Popov’s “Heinrich Hertz” demonstration
supposedly took place at a distance of
only 250 meters, three times less than
that Lodge estimated was possible. It is
difficult to see why anyone would believe
the “Heinrich Hertz” experiment was
kept secret for 30 years after the fact.
One can only conclude that was because
it never happened—not because it was
secret.
In reality, the experiments that Soviet
representatives first described in 1925–
1926—especially the message “Heinrich
Hertz”—possessed no useful information
that was worth keeping secret. The two
distances Victor Gabel highlighted in
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Popov’s experiment (40 and 250 meters)
would not have been of any use to any
navy. After all, the length of a Russian
battleship in that era was on the order
of 100 meters, and the Russian dreadnaughts that were built soon after were
on the order of 250 meters. How could a
wireless telegraphic system with a range
on the order of the length of a ship be of
any interest to any navy?
In the end, the “Heinrich Hertz”
experiment, as described by the Soviet
representatives, was completely flawed,
not only because of the short range, but
also because of the slow word rate and the
lack of considering the noise background.
The flaws in the “Heinrich Hertz” demonstration are addressed next.
The “Heinrich Hertz”
Demonstration Was Flawed
The “Heinrich Hertz” demonstration
first described by Soviet apparatchiks in
1925 was surely a ruse, but even if such
a demonstration did occur, the demonstration test described by the university
professors in a 1926 issue of the Russian
journal, Wireless Telegraphy and Telephony, was not adequate to demonstrate
that the apparatus used in the test was a
practical radiotelegraphy system. Shortcomings in the demonstration test as
described by the professors in 1926 were
the following:
(1) The short range of the demonstration, which was said to be 250 meters
at best, was an order of magnitude
or less than the state of the art for
other forms of wireless telegraphy
in 1895−96; there were no practical
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applications of an electrical wireless
telegraphy system at a range of 250
meters.
(2) The low word rate, which was estimated to be 1 word per minute at
best, was at least an order of magnitude lower than acceptable word rates
of the day for practical telegraphic
messages.
(3) The modulation technique as described, using only one spark per dot,
was subject to such high error rates
caused by electrical noise generated
in the atmosphere and from manmade noise sources that such a system
would have been useless.
“Heinrich Hertz” Demonstration
Apparatus Was Tested at an
Impractical Range

Regardless of the specific configuration
of the “Heinrich Hertz” demonstration
apparatus, the distance was specified by
the university professor O. Khvolson as
250 meters:
“The sending station was located at the
University’s Chemistry Institute, and
the receiving station was in the auditorium of the old physics office. The distance between them was approximately
250 meters.” —— Prof. O. Khvolson,
Wireless Tel. & Tel., 1926

This distance is an order of magnitude less than the range for Preece’s
induction system, and much less than
for the other two wireless telegraphy concepts, as well. It is difficult to imagine

any practical application of the “Heinrich
Hertz” demonstration apparatus with a
maximum demonstrated range of 250
meters that could not be achieved better,
quicker, and cheaper by wired telegraphy
or one of the then existing non-Hertzian
methods of wireless telegraphy, such as
semaphore. And it is even more difficult
to see any practical application of a system of wireless telegraphy with a range of
only 250 meters for any navy application.
Even the distance of 250 meters is
questionable. According to all of Popov’s
writings, including and especially his letter to Ducretet, he said that he achieved a
maximum range of only 60 to 70 meters
with his storm detector apparatus, and
he did not claim to perform any further range tests on any of his apparatus
until he improved his apparatus, which
occurred after he learned of Marconi’s longer-range results in September
1896—well after the alleged date or dates
of the “Heinrich Hertz” demonstration.
The fact that Popov began to modify his
system (after September 1896 when he
learned of Marconi’s work) and began to
test the range of his modified apparatus
in April of 1897 is prima facie evidence
that Popov knew that the range of his
equipment developed before September 1896 was inadequate for a practical
telegraphy system.
“Heinrich Hertz” Demonstration
Apparatus Was Tested at an Impractical
Word Rate

According to V. Skobeltsin, the rate of
transmission of the words “Heinrich
Hertz” was so slow that the chairman
of the meeting had time to look up each
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letter from a sheet of paper immediately
after it was transmitted:
“The transmission took place in such
a way that letters were transmitted in
Morse code; the signals were clearly
audible. The chair of the Physics Association, Prof. F. F. Petrushevsky, was
standing at the chalkboard, holding
in his hands a piece of paper with the
key to the Morse code, as well as a
piece of chalk. After each character was
transmitted, he would look at the paper
and then write the corresponding letter on the chalkboard. Gradually, the
words of Heinrich Hertz appeared on
the board in Latin letters.” —V. Skobeltsin, Letter dated Dec. 1925

There never has been a practical telegraph system for transferring intelligence
that had a word rate low enough to allow
the operator to look up each letter from
a table as it was being transmitted. (That
certainly would have obviated the need
for radio schools to teach Morse code.)
It has been estimated from “look-uptable” time tests that the word rate for
the presentation described in the above
citation would have been about one word
per minute or less, had it in fact taken
place. There are five letters in one standard Morse word, and from time tests
performed during the research phase of
this paper, it takes an average of about 6
seconds to look up each of the five letters
of a standard word from a Morse code
table—for a total of about 30 seconds.
There are 50 dot-equivalent spaces in one
word, and it would take about 20 seconds to tap out the five letters, including
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spaces, so that someone not familiar with
Morse code could comprehend each letter. It would take about 10 seconds for
someone to write the five letters on the
board, one at a time. The total estimated
time for writing a single word on a board
by the “look-up-table” method is greater
than 60 seconds (i.e., a rate less than one
word per minute).
As the word speed increases, it becomes much more difficult to design
and adjust a wireless receiver with a responsive coherer and tapper-back system, to use a bell as a sounder, and to
adapt a standard recorder or register to
distinguish between dot and dashes in
a wireless system where the dashes are
actually formed by a series of dots. Since
Popov’s receiver apparatus was designed
for very low spark rates associated with
lightning strokes, it does not automatically follow that his apparatus would be
able to recognize or record telegraphic
messages at higher data rates associated
with practical telegraph systems.
The three major problems for the
Popov apparatus operating at higher
data rates used in telegraphy (as compared to a storm detector) are the
response time of the tapper-back apparatus, the speed of the Richard Brothers
recorder, and the use of a doorbell as a
sounder. For example, the maximum
tapper-back rate is determined by the
maximum frequency response of the
bell hammer on the coherer, which in
turn is controlled by the stiffness and
length of the hammer arm. (It is known
that Marconi had to design a special
stiff spring and short hammer arm in
his system.)
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Popov’s Richard Brothers recorder
operating at one inch per hour could
not record a message at even one word
per minute, much less at 20 words per
minute. Popov’s bell could be used as
a sounder at one word per minute, but
in tests performed during the research
phase of this paper with an omnigraph
and antique doorbell, the bell rings are
blurred when the speed increases from
a few words per minute to 10 words per
minute. After all, a single hammer strike
produces a bell ring that lasts for several
seconds. In conclusion, the “Heinrich
Hertz” demonstration test described by
the Soviet apparatchiks in 1926 does
not support the claim that the apparatus tested was a practical or functional
radiotelegraph system.
“Heinrich Hertz” Demonstration
Apparatus Was Tested at an Impractical
Spark Rate

According to V. Skobeltsin, the spark rate
was one spark per dot and multiple sparks
for a dash, most likely three sparks:
“The signals from the chemistry laboratory were transmitted using Morse
code: dashes were transmitted in the
form of several dots in quick succession, and dots were transmitted in the
form of individual single dots.” V. Skobeltsin Letter, Dec. 1925

A single spark representing a dot of
Morse code might work in the absence of
noise, but in a practical system of longdistance telegraphy there will always be
noise, and using a single spark for a dot
will not work. Just a single noise event

that triggered the coherer once would
have resulted in a letter or space error,
if not a word error. Popov had already
noted that the equipment in the observatory where he installed his storm detector
apparatus generated noise that affected
his storm detector response:
“The point B [of the coherer] was connected, in common with other meteorological apparatus, to a conductor
which was put to the earth by means of
the water pipes.… With this arrangement the apparatus responded with
a ring, and a mark [on the recording
cylinder], each time the current was
sent by the anemometer… In order to
distinguish these marks from others
produced by atmospheric electricity,
the observers, when such signals were
given, made a note of the circumstance
on the cylinder.”

To avoid this problem, Marconi used
a spark rate of between 50 to 100 sparks
per second using a Ruhmkorff coil. There
are 50 dot spaces in a Morse code word,
and at 20 words per minute, there are
16 dot spaces per second. At 50 sparks
per second, there would be 3.1 sparks
per dot. Three sparks per second are just
enough to reduce the error rate considerably, and 100 sparks per second are
even better. In order to produce even
higher pulse rates than the Ruhmkorff
coil could provide, other means were
developed, such as the Wehnelt interrupter, which could create up to 2,000
“breaks” per second.
The truth is that radiotelegraphy
did not develop with one spark per dot
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space, and the test that the Russian
apparatchiks described for the “Heinrich Hertz” demonstration would not
have addressed the issue of a practical
radiotelegraphy system, which, of necessity, had to be operated in a noise environment with atmospheric static and
man-made electrical sparks. In conclusion, even if the demonstration test did
happen as described, it would not have
demonstrated that Popov’s apparatus was
capable of receiving telegraphic messages
for any practical application, a necessary requirement for demonstrating precedence in the invention of a practical
radiotelegraph system.
To put this discussion in perspective, suppose Marconi had come to
William Preece with his system and
proposed to do a test whereby he would
1) transmit a two-word message to a
distance of 250 meters at one word per
minute or less, 2) use a Morse code
lookup table to interpret the message,
and 3) use one spark for each dot and
three sparks for each dash—with a time
interval between each letter long enough
to write each letter on the board. Preece
would never have agreed to meet with
him—and likewise, the Russian Navy
would have had no interest in Popov’s
apparatus had they been treated to such
a meaningless test of a wireless telegraph
system.
The Distinction Between Signaling
and Messaging
When comparing the range of different
telegraphic systems, it is important to
distinguish between signaling and messaging, a distinction that most historians
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seem to overlook. This distinction existed
for all methods of wireless telegraphy,
including both induction and Hertzian
telegraph methods alike. Consider, for
example, William Preece’s experiments
across the Bristol Channel with a magnetic-field induction method he demonstrated in May 1897, which occurred
at the same time and place of Marconi’s
demonstration. Here is what J. J. Fahie
had to say about Preece’s results in his
well-regarded book on methods of wireless telegraphy:
“There was no difficulty in communicating between the shore and Flat
Holm, 3.3 miles. The attempt to speak
between Lavernock and Steep Holm,
5.35 miles, was not so successful:
though signals were perceptible, conversation was impossible. There was
distinct evidence of sound, but it was
impossible to differentiate the sounds
into Morse signals. If either line had
been longer, or the primary currents
stronger, signalling would probably
have been possible.” 82

Here is what Capt. J.N.C. Kennedy,
a Royal Engineer, and Superintending
Engineer of Postal Telegraphs in England, had to say at a meeting of the Royal
United Services Institution in 1898 about
the difference between sending messages
and signaling by Hertzian radiation:
“Last year Mr. Marconi came on the
scene, and succeeded in sending good
readable messages over a distance of 18
miles, and in getting effects at nearly
40 miles instead of 40 yards.” 83
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The key point here is that receiving
distinct signals and receiving messages at
practical speeds are two different things.
One might extrapolate from these two
admittedly anecdotal cases that the distance wireless signals could be detected
was about twice as far as the distance
messages could be received.
The fact that there was a significant difference in the distances that
signals could be detected versus messages received for Hertzian telegraphy
was well known by the inner circle of
Hertzian experimenters of the day. Here
is what Captain W. P. Brett, a Royal
engineer for the British Army who carried out Hertzian experiments on behalf
of the British government, had to say
about this subject during a discussion
session following the presentation by
Capt. Kennedy at the meeting of the
Royal United Services Institution in
1898 referenced above:
“If anyone is going to start experimenting with it [Hertzian telegraphy],
he will see at once how easy it is to get
a signal with almost any apparatus, but
will find very great difficulty in getting
a message. You can set to work and
construct a Marconi apparatus, and get
signals over, say, a mile or half-a-mile,
but you will not be able to interpret
them. The dots will become dashes,
and the dashes split themselves up into
dots, and at first you will not be able to
get a single intelligible message. Then
you will understand what the difficulty is. When you hear people say
they have a system that will transmit
a message over 20 miles or so, the first

thing is to ask for a transcript of such a
message. You will see several messages
on the front of the desk there, actual
messages sent; and the very practical
test that Captain Kennedy put these
instruments to by sending actual messages, will show how Mr. Marconi has
overcome that great difficulty—in fact
he can send an intelligible message as
well as signals.” 84

Indeed, there is a very good reason
why so many early Marconi messages
dating back to 1897 were published,
while so few messages (if any) were
published by other early experimenters with Hertzian waves dating back to
1897,85 not to mention 1896. Most notably, Popov never said he documented a
single message with his apparatus until
well after January 1898—and no one
has produced a copy of one to this day.
The Secret to Long-Distance
Radiotelegraphy
Popov claimed that Marconi’s radiotelegraph receiver was essentially the
same as his storm detector receiver, and
since Popov published the details of his
receiver first, many Popov supporters
have asserted that Popov had precedence over Marconi in the invention of
a radiotelegraphy system. While there are
multiple errors in this proposition, some
of which have been mentioned previously, the fundamental error addressed
here is that Popov’s transmit and receive
antennas were not the same as those of
Marconi, and the designs of those antennas determined the range of their respective telegraph systems to a much greater
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extent than the design of transmitter
and receiver components attached to the
antennas.
Astute historians (and judges who
consistently ruled against plaintiffs challenging Marconi’s seminal patent) have
observed that there must have been some
reason why Marconi was able to send
messages using Hertzian waves to much
greater distances than anyone else before
him—including Popov.86 The reason why
Marconi was able to transmit messages
to much longer ranges than anyone else
are addressed in the five titled paragraphs
of this section, which make the following points:
(1) The sensitivity of radiotelegraphy
receivers using coherer detectors
was not strongly dependent on the
sensitivity of the coherer.
(2) The secret to long-distance telegraphy
was in the design of the transmit and
receive antennas, and Marconi was
the first one to discover the secret,
which he embodied in an empirical relationship known as Marconi’s
Law: the practical distance of a radiotelegraph system is proportional to
the square of the height of the transmit and receive antenna, provided
the two antennas are resonant at the
same wavelength.
(3) The importance of Marconi’s Law
has been discounted by many historians who repeated two red herrings
created by detractors with the intent
of marginalizing his accomplishments. Both of these red herrings
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are exposed as being fraudulent and
without merit.
(4) The range of a spark radiotelegraph
system is markedly decreased when
the conditions of the transmitter and
receiver antennas described by Marconi’s Law are not met, or nearly so.
(5) Popov was doomed to short-range
telegraphy because he did not understand the relevance of Marconi’s Law
for antenna designs.
Coherer Sensitivity Did Not Appreciably
Affect the Radiotelegraph System Range

Those who believed the sensitivity of
Hertzian wave receivers using a coherer
were strongly dependent on the sensitivity of the coherer were mistaken. The
potential difference across a coherer
required to assure a precipitous drop in its
impedance was characterized as its “critical potential difference,” often expressed
in the literature as its “P.D.” While the
P.D. itself does depend strongly on the
coherer design, the voltage across the
coherer in a radiotelegraph receiver is
the sum of the voltage produced by the
incident electromagnetic radiation plus
the battery voltage in the coherer circuit. Therefore, the voltage required by
the incident radiation to produce this
transition can be reduced to a much
lower value than the P.D. of the coherer
by adjusting the battery voltage in the
circuit. The P.D. value is not among the
most important parameters characterizing a coherer, and it does not have a
large impact on the range of a Hertzian
telegraph system.
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The history of Marconi’s system bears
out this assertion. Marconi developed a
sensitive and reliable coherer in Italy in
1895, which he used until he replaced
the coherer with the magnetic detector
in the early 1900s. When Marconi began
his experiments using a classical Hertz
dipole oscillator, he was limited in range
to a few hundred meters. He was able to
greatly extend the range of his system
by using more efficient antennas, not by
increasing the sensitivity of his coherer.
The most important parameters for a
coherer are 1) a reliable transition to the
low-impedance state within a sufficiently
narrow range of voltages about its P.D.,
which should be a small fraction of the
P.D. itself, 2) a reliable restoration to sensitivity by a single mechanical tap, and
3) the stability of these two parameters
over time. With these characteristics, the
threshold level for detection of Hertzian
radiation by a coherer receiver can be
reduced to a level well below its P.D. by
adjusting the battery voltage properly.
This adjustment is akin to finding the
most sensitive operating point of a crystal
detector by varying the battery voltage.
The Secret to Long-Distance
Radiotelegraphy: Marconi’s Law

The real secret to long-distance radio
telegraphy was first discovered by Marconi in 1895 while he was still living at
Villa Grifonne in Italy. The secret was
in the design of his transmit and receive
antennas, although he did not document this secret until after he came to
England. One part of the secret was documented in his provisional patent application for U.K. patent 12,039, which he

filed on June 2, 1896. Marconi described
the monopole antennas he used for his
radiotelegraph transmitters and receivers,
and he stated that the receiver antenna
must be tuned to (i.e., resonant at the
wavelength of) the transmitted signals.
Specifically, his provisional patent stated
(emphasis added):
“The appliance I employ consists of a
tube containing conductive powder,
or grains, or conductors in imperfect
contact each end of the column of
powder or the terminals of the perfect
contact or conductor being connected
to a metallic plate, preferably of suitable length so as to cause the system to
resonate electrically in unison with the
electrical oscillations transmitted to it.…
When transmitting through the earth
or water I connect one end of the tube
or contact to earth and the other ends to
conductors or plates, preferably similar
to each other in the air and insulated
from earth.”

Marconi demonstrated the rest of
his secret to observers from the British
General Post Office (GPO) at tests during March 1897 at Salisbury Plain. In
attendance was Captain J.N.C. Kennedy,
Royal Engineer of the British Army, who
observed and documented Marconi’s
secret: “It may be stated … that the distances signalled varies with the square
of the height of the vertical wires, has
been verified beyond a doubt by actual
experiment.” 87 Kennedy also provided
some very interesting experimental data
from the Salisbury Plain tests in his letter
to the editor of the Electrician.
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Marconi provided detailed descriptions of how he discovered this empirical
relationship, known to this day as Marconi’s Law, in speeches to the Institute
of Electrical Engineers in 1899,88 and to
a weekly evening meeting of the Royal
Institution on February 2, 1900.89 These
descriptions were succinctly repeated in
his Nobel speech given in 1909.90 In
this speech, Marconi described how
he discovered the efficacy of monopole
antennas using Hertzian waves in Bologna, Italy. He began by stating that he
used a classical Hertzian dipole oscillator
described by Hertz in his 1887–1888
publications. Just like many other early
experimenters, Marconi found that the
range of detection was quite limited
using the Hertz dipole oscillator:
“At my home near Bologna, in Italy, I
commenced early in 1895 to carry out
tests and experiments with the object
of determining whether it would be
possible by means of Hertzian waves
to transmit to a distance telegraphic
signs and symbols without the aid of
connecting wires.… My first tests were
carried out with an ordinary Hertz
oscillator.”
“Another, now well-known, arrangement which I adopted was to place the
coherer in a circuit containing a voltaic
cell and a sensitive telegraph relay actuating another circuit, which worked
a tapper or trembler and a recording
instrument. By means of a Morse telegraphic key placed in one of the circuits
of the oscillator or transmitter it was
possible to emit long or short successions of electric waves, which would
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affect the receiver at a distance and
accurately reproduce the telegraphic
signs transmitted through space by
the oscillator.… With such apparatus
I was able to telegraph up to a distance
of about half a mile.”

Marconi then described how he
transitioned from his ineffective Hertz
dipoles to his much more effective monopole antennas:
“In August 1895 I discovered a new
arrangement which not only greatly
increased the distance over which I
could communicate, but also seemed
to make the transmission independent from the effects of intervening
obstacles. This arrangement consisted
of connecting one terminal of the
Hertzian oscillator, or spark producer,
to earth and the other terminal to a
wire or capacity area placed at a height
above the ground, and in also connecting at the receiving end one terminal of
the coherer to earth and the other to an
elevated conductor (see [Fig. 23]).…
“I then began to examine the relation between the distance at which the
transmitter could affect the receiver
and the elevation of the capacity areas
above the earth, and I very soon definitely ascertained that the higher the
wires or capacity areas, the greater the
distance over which it was possible to
telegraph.
“Thus I found that when using
cubes of tin of about 30 cm side as
elevated conductors or capacities,
placed at the top of poles 2 meters high,
I could receive signals at 30 meters
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Fig. 23. Marconi created a monopole radiator and receiver by removing one lead of the Ruhmkorff
coil from its radiating dipole and one lead of the coherer from its receiving dipole antenna and
connecting them both to ground. (Adapted from Marconi’s 1909 Nobel speech)

distance, and when placed on poles
4 meters high, at 100 meters, and at
8 meters high at 400 meters. With
larger cubes 100 cm side, fixed at a
height of 8 meters, signals could be
transmitted 2,400 meters all round.
“These experiments were continued
in England, where in September 1896
a distance of 1¾ miles was obtained in
tests carried out for the British Government at Salisbury. The distance of
communication was extended to 4
miles in March 1897, and in May of the
same year to 9 miles. Tape messages
obtained during these tests, signed by
the British Government Officers who
were present, are exhibited.”

By June 2, 1896, Marconi had discovered monopole antennas tuned to
the same frequency were important for
long-distance radiotelegraphy using
spark sources, and by the spring of 1897

Marconi became the first to demonstrate
that much longer antennas, which radiated much longer wavelengths, were the
real secret to long-distance radiotelegraphy. This finding was embodied in
an empirical relationship that became
known as Marconi’s Law. Capt. Kennedy,
a Royal Engineer in the British Army, is
believed to be the first to independently
observe and confirm this relationship,
which was based on observations of
Marconi’s tests on Salisbury Plain in the
spring of 1897. This relationship was later
confirmed by a number of prominent
experimenters, most notably by Professor Slaby from Germany who observed
Marconi’s Law in practice during experiments across the Bristol Channel,91 Luigi
Solari from Italy who observed experiments at Spezia where Marconi’s Law was
demonstrated in the summer of 1897,92
and Mr. Gavey93 from France, who performed experiments that independently
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confirmed Marconi’s Law. These experimenters and many others specifically
credited Marconi with its discovery.
Two Red Herrings About Marconi’s
Contributions to Radio

Many historians have stated that Marconi’s greatest contribution to radio
telegraphy was the substitution of a
monopole antenna for a dipole antenna,
and his critics have often responded by
saying that he was not the first to discover
the efficacy of two monopole antennas.
Both of these assertions are red herrings.
Even Charles Süsskind repeated both red
herrings in a footnote that appeared in
his paper: “Some commentators have
singled out Marconi’s use of the circuit
in which the transmitting spark gap was
connected between an elevated antenna
and ground as his most important contribution. Although he doubtless arrived
at this circuit independently, the efficacy
of this arrangement (albeit not in connection with radiotelegraphy) had been
observed even before Hertz’s experiments
by others…” 94 There are two fundamental and misleading errors in Süsskind’s
statement, both of which are addressed
in turn below.
Red Herring: Marconi’s Greatest Contribution: Marconi’s substitution of two

monopole antennas in place of two vertical dipoles was important, but it was not
Marconi’s greatest discovery. Substituting a vertical dipole with a monopole
antenna of the same height would be
equivalent to increasing the height of the
dipole by a factor of two. By Marconi’s
Law, such a substitution would increase
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the range by about a factor of four. However, Marconi found that by increasing
the length of a monopole antenna by a
large factor, the range could be increased
by a much larger factor than four. Marconi’s secret sauce was actually greatly
increasing the length of both monopole
antennas and making them resonant with
each other. (Making two simple vertical
monopole antennas resonant with each
other was equivalent to making them the
same height.) By Marconi’s Law, if one
were to increase both monopole antennas
from 2 meters to 100 meters, the range
would increase in proportion to (100/2)2
or 2,500. Thus, greatly increasing the
length of the antennas and making them
resonant with each other was much more
important than the mere substitution of
monopole antennas for dipole antennas
of the same height.
By the time Marconi’s Law had
been disclosed in the spring of 1897, no
experimenter with Hertzian waves, other
than Marconi, had used two monopole
antennas as radiators, nor did they radiate wavelengths any greater than a few
meters, nor did they reach distances
greater than 100 meters (see Table 5). By
comparison, Marconi used two 40 meter
quarter-wave monopole antennas at the
Bristol Channel in May 1897, which
radiated nominal wavelengths of 160
meters, more than 20 times longer than
the sources used by any other Hertzian experimenter of the day, and he sent
telegraphic messages to a distance of 14
km—more than 140 times the distance
reached by other Hertzian experimenters,
who demonstrated the transmission of
signals to these distances—not messages.
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Table 5. Longest published distances by leading experimenters from six countries for
the reception of Hertzian waves from man-made spark sources prior to May 13, 1897.

Branly, Electrician, Vol. 27, p. 221. b Lodge, Electrical Engineer, Vol. 14, p. 212. c Dam, McClure’s Mag.,
Vol. 7, p. 386. d Popov, J. Russ. Phys.-Chem. Soc., Vol. 28, pp. 1−14. e Slaby, Century Magazine, Vol. 55,
p. 870. f Preece, Electrician, Vol. 39, pp. 216–218.
a

Red Herring: Monopole Efficacy Previously
Observed: The second misleading state-

ment Süsskind made was that the efficacy
of monopole antennas had been observed
by many others before Marconi. Süsskind threw the baby out with the bathwater when he qualified this assertion
with his parenthetical remark: “albeit
not in connection with radiotelegraphy.”
The efficacy of longer monopole antennas
occurs only for Hertzian waves—not for
induction methods used before Hertz.
Consequently, no efficacy resulted from
increasing the heights of either or both
transmit and receive antennas for nonHertzian wireless telegraphy systems, and
none could have been observed by those
early experimenters who were not using
Hertzian radiation. This will be shown
next using a generic model of Thomas
Edison’s iconic configuration using two
raised conducting surfaces, which most
historians agree represents the quintessential example of a long-distance

wireless telegraphy using the electricfield induction method with low (audio)
frequencies.
Edison’s plan for communicating
between two ground stations, as well
as two ships, is described in his patent
application dated May 23, 1885 (see
Fig. 24).95 Edison used two raised conducting surfaces, which were evocative
of monopole antennas, to transfer intelligence by capacitive coupling between
the two surfaces. This approach worked
only if the two surfaces were within
line of sight of each other such that the
capacitance between the two was not
diminished. Edison reported reaching a
distance of about 2½ miles over ground
with his apparatus using two kites.96
Edison used a source of modulated
high-voltage AC current with one lead
connected to one of the raised conducting surfaces and the other lead connected to ground. Similarly, one lead
of his telephone receiver was connected
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Fig. 24. The range of Thomas Edison’s iconic method for long-distance wireless communication
before Hertz using an electric-field induction method was proportional to the capacitance
between two raised conducting surfaces that were mounted on the masts of two ships within
direct line of sight (or two towers on land). (U.S. patent 465,971)

to the second raised conducting surface
and the other lead to ground. The basic
configuration showing currents flowing
among the various components is shown
in Fig. 25. The dark lines represent the
physical components and the lighter lines
represent a very simple equivalent electrical circuit for this arrangement.
When the conducting surface at the
transmitter is raised to a high potential, it causes a displacement current to
flow to the raised surface at the receiver,
just like the displacement current that
flows across two surfaces of a lumpedelement capacitor. The current that
reaches the raised conducting surface
at the receiver flows down through the
telephone receiver to earth, and from
there it flows through the earth back to
the other lead of the high-voltage source
at the transmitter.
Readers interested in the details of
how the system operates are referred to in
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the “Analytical Solution” sidebar. Suffice
it to say that the response depends on
the three capacitances C1, C2, and C12,
and under the conditions of interest, the
three capacitances are independent of the
height of the raised surfaces. The first
condition of interest is that the heights
of the raised surfaces are greater than
the dimensions of the raised surfaces;
in that case, the capacitance to ground
is independent of height. This condition is always met because the raised
surfaces must be much higher than the
dimensions of the raised surfaces to
avoid obstacles on the ground and to
reach ships over the horizon. The second
condition is the distance between the
raised surfaces must be much larger than
the heights of the raised surfaces. This
condition will always be met to reach
long distances. Since the response of the
electric-field induction method does not
depend on antenna height, it would have
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Fig. 25. The electrical components in this generic model for the electric-field induction method
of long-distance telegraphy are shown by dark lines, and the equivalent electrical circuit is
represented by lighter lines. (Author’s schematic diagram)

been impossible for anyone using that
method to determine the efficacy of raising the height on Hertzian telegraph
antennas.
The Range for Non-Resonant
Antennas is Always Less than for
Resonant Antennas
Popov made two fundamental errors in
the design of his antennas. First he used
only high frequency dipoles that radiated
short wavelengths for all the experiments
he performed before Marconi’s results
were published in 1897. Second, he did
not tune the receive antenna to the wavelength of the transmit antenna. Popov
did not understand the following points
that apply to spark radiotelegraphy:
(1) Longer transmitting antennas with

spark sources radiated more energy
and at much longer wavelengths than
shorter antennas,
(2) Longer receiving antennas had proportionally larger collection areas, as
long as the antenna remained electrically short relative to the incident
wavelength (ℓ < λi/4 for monopoles),
(3) Signals at the receiving antenna terminals actually decreased when the
antenna became electrically long relative to the incident wavelength (ℓ >
λi/4 for monopoles),
(4) Tuning the receiving antenna to
the approximate wavelength of the
incident radiation was necessary for
long-range spark telegraphy.
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These points will be explained by
using the solution for an ideal dipole
antenna, which behaves exactly like a
monopole antenna over a perfectly conducting ground plane when the monopole length is equal to half the dipole
length. In this case, the monopole
antenna is resonant at one quarter of its
total length, while the dipole antenna
is resonant at one half its total length.
Since the equivalent monopole is half the
length of the dipole, both antennas are
resonant at the same wavelength.
The following discussion begins with
an explanation of why longer antennas
radiate more energy. This discussion is
followed by a description of the sensitivity of a receiving dipole versus its length ℓ
relative to the incident wavelength λi for
three cases: an electrically short dipole
where ℓ < λi/2, a dipole at resonance
where ℓ = λi/2, and an electrically long
dipole where ℓ > λi/2.
Sources with Large Antennas Radiate More
Energy: Unlike antennas fed by CW

sources, the wavelength radiated from an
antenna with a spark source is a function
of the length of the antenna.97 Because
the energy available from a spark is spread
out over a large range of wavelengths,
monopole and dipole antennas radiate
most of their energy at a small range
of wavelengths around their respective
resonant wavelengths (ℓ/2 for a dipole
and ℓ/4 for a monopole), where their
respective antenna radiation efficiencies
are the greatest. For a given applied voltage to a monopole or dipole, the charge
on the antenna before the spark discharge
is proportional to the antenna capacity

(ℰ = ½ CV 2), and the capacity of a large
antenna is much greater than a small
antenna. For example the capacity of
the 40 meter monopole antenna relative to ground that Marconi used at the
Bristol Channel was about 200 pF, while
the capacity between the Hertz dipole
radiator elements and capacitive loads
that Popov used in the summer of 1897
was only about 3–5 pF.98 Thus, for the
same voltage, Marconi’s antenna had
more than 40 times the energy available
to radiate than Popov’s. (Later, Marconi
vastly increased the capacitance of his
antenna over a simple wire monopole
antenna by using an array of wires, such
as the inverted conical antenna at Poldhu
in south Cornwall.)
Electrically Short Dipole Receive Antenna
(ℓ < λ i/2): An analytical solution exists

for the power radiated or collected by an
electrically short dipole antenna. However, a very simple solution is applicable
when the load has a high impedance
and is sensitive to voltage rather than
power—exactly the two characteristics
of a coherer detector in the sensitive state.
In this regard, the coherer is uniquely different from the more familiar square-law
devices, such as crystal detectors, vacuum
tubes, and other solid-state devices used
in modern electronics, which have much
lower impedances and are sensitive to
power, as opposed to voltage.
The voltage produced at the electrodes of a high-impedance device connected directly to the terminals of a
dipole antenna of length ℓ is the open
circuit voltage Voc = ℓ × E isinθ, where
E i is the electric field incident from the
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direction of the polar angle θ, which, by
convention, is designated as the angle
from the z-axis (a vertical line to the
Earth’s surface). For a pair of vertical
monopole or dipole antennas used in
a radiotelegraph system, the radiation
pattern for an electric field radiated and
received by an electrically short or resonant dipole antenna is at a maximum
for the radiation in a direction normal
to the axis of the dipole (θ = 90°),99 and
it is independent of dipole length for
small dipoles (see Fig. 26). Since the
open circuit voltage at the terminals of
short receive antenna is directly proportional to the antenna length, longer

receive antennas have higher open circuit
voltages—as long as the dipole receive
antenna length remains less than one
half the incident wavelength (ℓ < λ i/2),
or the monopole receive antenna length
remains less than one quarter of the incident wavelength (ℓ < λ i/4).
An interesting point for a coherer
detector is that the sensitivity threshold of the receiver is proportional to the
incident electric field, not the incident
energy or power density, and the electric
field falls off as 1/r, not 1/r 2. That means
when the length of the receive antenna is
doubled, the range of the system is also
doubled, provided the dipole length does

Fig. 26. The directivity of a dipole antenna with a length less than half the wavelength of the
incident radiation (ℓ ≤ l/2) is maximum in a direction normal to its axis; the directivity pattern
of the electric field for both short and resonant dipoles are essentially independent of dipole
length. (Rameo, et al. Fields and Waves in Communication Electronics, p. 649)
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not exceed half the incident wavelength
(or the monopole length does not exceed
a quarter of the incident wavelength).
When both transmit and receive antenna
lengths are doubled, there is a doubling
of the range attributable to the doubling
of each antenna—hence the range is
quadrupled.
Dipole Receive Antenna at Resonance:
It is well known that the maximum
response of a receive antenna can be
achieved when it is resonant with the
incident radiation. At resonance, the
maximum open-circuit voltage at the
antenna terminals is greater than Ei × ℓ
because the receive antenna is resonant,
and the voltage will actually build up
to higher and higher voltages with each
oscillation of the incident radiation, at
least for a few oscillations. The magnitude of the buildup depends on the Q
of the antenna, which is relatively low
for dipole and monopole antennas. It is
beyond the scope of this paper to make
estimates of the peak voltage—it is only
necessary to understand that the response
of the receive antenna is at a maximum
when it is resonant with the incident
radiation. Also, note in Fig. 26 that the
radiation pattern of a resonant dipole is
only slightly different from the radiation
pattern of a short dipole, and it is also
maximum for radiation incident in a
direction normal to the antenna axis.
Electrically Large Dipole Receive Antennas: It may seem intuitive to some

that increasing the receiver antenna to
lengths longer than the wavelength of
the incident radiation would produce

even larger responses. After all, it is well
known that the gain of an electrically
long antenna wire can be very large, so
what is the problem here? It turns out
that the sensitivity of an electrically long
dipole antenna is not large for radiation
incident in a direction perpendicular to
the antenna axis even when the electric
field is polarized in a direction parallel
to the antenna axis. As stated previously,
the response for this case is maximum
at resonance (dipole length ℓ = l/2).
When the incident electric field is parallel to the axis of the antenna, the voltage
produced by the two elements on either
side of the feed point of the dipole are
additive and produce the maximum voltage at the feed point (see Fig. 27a). But
when the length of the dipole is increased
beyond the resonant wavelength, say,
to one wavelength (see Fig. 27b), the
electric fields are in opposite directions
across the two elements, and the sum of
the two voltages produced at the feed
point is zero.
As the length of the dipole continues
to increase beyond one wavelength l,
the main lobes shift towards the axis
of the dipole antenna for lengths equal
to odd harmonics of the fundamental
resonance (ℓ = 3/2l, 5/2l …), and the
voltage returns to zero for lengths equal
to the even harmonics (ℓ = 2l, 3l …),
as shown in Fig. 28. These patterns with
peaks and nulls were calculated for specific frequencies; the actual receive pattern radiation produced by spark sources
with a spectrum of wavelengths centered
around the resonant wavelength will not
have peaks quite as large or nulls quite as
low as those shown in the figure.
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Fig. 27. The response of a dipole is maximum when the length of the dipole is equal to one-half
a wavelength because the voltage induced on each element is equal and additive (see Fig. a);
the response of the dipole is zero when the length of the dipole is equal to one full wavelength
because the voltage induced on each element is equal and opposite (see Fig. b). (Author’s diagram)

Fig. 28. As the length of a dipole receive antenna increases beyond one wavelength of the
radiation incident from a direction normal to the axis (90°), the angle of maximum directivity
moves away from the normal direction at 90° towards the vertical axis at 0°, and the response
by incident radiation from the normal direction decreases. (Adapted from Electronics Notes;
www.electronics-notes.com)
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While these calculations have been
performed for dipoles, they also apply
to monopoles. For radiation transmitted
and received by monopole antennas,
the response of the electrically short
monopole receive antenna increases
proportional to length up to a point
just short of the resonant wavelength,
which is one quarter the length of the
monopole. The response is maximum
when the transmitting and receiving
monopole have the same wavelength—
which for simple wire antennas means
they are approximately the same length.
As the height of the receiving antenna
becomes greater than the height of the
transmitting antenna, the response
of the receive monopole antenna will
decrease because of interference effects,
depending on the frequency spectrum
of the incident radiation. The peaks
and nulls will be more pronounced for
narrow-band radiation than for wideband radiation. For spark telegraphy,
the decrease in response of the receive
antenna would not have been noticeable
until the length became modestly larger
(say, a factor of two or more) than the
transmit antenna.100
Popov Was Doomed to Short-Range
Radiotelegraphy
Popov was doomed to short-range
radiotelegraphic systems because he
did not realize the secret to achieving
long-range telegraphy was two very long
monopole antennas, both tuned to the
same frequency. According to Popov’s
letter to Ducretet dated September 23,
1898, he believed the main problem for
long-range radiotelegraphy was creating

a more powerful source—not a source
with longer wavelengths—and he did not
believe Marconi’s assertion that electrical
resonance of the transmit and receive
antennas were important:
“My subsequent experiments, which
Marconi introduced by as being necessary, gave me no reason to investigate them in more detail. And now as
before, I believe the practical application of the signals are possible only
with the improvement of the vibrators,
for my observations with the apparatus that registers the atmospheric
discharges, do not appear to require a
Branly tube of extreme sensitivity to
the electromagnetic waves; also I do
not give much importance to the need
for electrical resonance.”

Popov started out in 1895 by using a
Hertz dipole vibrator with 40 cm square
plates that radiated a wavelength of
approximately 5 meters to excite his tapper-back receiver apparatus with single
vertical wire 2.5 meters long connected
to one terminal of the coherer, but there
was no ground wire connected to the
other end of the coherer. He reported
a range of only 64 meters. In his letter to Ducretet, Popov reported that he
initiated a test program in April 1897
with two new sources, a classical Hertz
radiator with 30 cm spheres attached to
either end, and a “larger” Bjerknes dipole
radiator with 90 cm disks at either end,
as Righi described in an earlier article.
Both of these sources were pictured in
the drawings accompanying his letter to
Ducretet (see Fig. 20).
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According to Hertz, his radiator French experimenters Blondel and Ferrie
with 30 cm spheres (see Fig. 29) had a had to say about Popov’s apparatus in
period of 17.7 ns, which corresponds to an article appearing in the Electrician
a wavelength of 5.2 meters.101 Accord- in 1900:
ing to Righi’s article, his oscillator had
a resonant wavelength of 4.1 meters,
“In 1900, Mr. Marconi spanned 77
but it did not have disks as large as 90
miles with only 140 ft. of vertical wire.
cm. The resonant wavelength of Popov’s
In France, M. Tissot, using apparatus
larger Bjerknes oscillator with 90 cm
due to MM. Ducretet and Popoff, sigdisks would have been approximately 9
nalled over sea to a distance of 35 miles
meters. The characteristics of these two
with vertical wires of 90 ft. In Russia,
new sources are summarized in Table 6.
M. Popoff accomplished the same disThree important characteristics of both
tance with wires of 180 feet.” 102
these sources are: 1) dipoles, not
monopoles 2) small dimensions of
2 –3 meters, 3) very short radiating
wavelengths of 5 –10 meters.
By the time the details of Marconi’s system were made public,
Popov was still using very short
wavelengths. Had Popov persisted
with these radiators of short wavelength, he would have been doomed
to short-range Hertzian telegraphy.
It is well known that by 1900, Popov
was using long vertical wire mono- Fig. 29. Hertz used this classic dipole spark radiator
pole antennas for both transmitters with two small spherical electrodes in the center and
two 30 cm spheres situated at the opposite ends of
and receivers that produced long the two wires; this configuration radiated electrowavelengths—just like Marconi had magnetic radiation with short wavelengths on the
been using since 1895. Here is what order of a few meters. (Deutsches Museum, Munich)
Table 6. Characteristics of dipole radiators Popov used
in his test program beginning in April 1897.
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PART III. SUMMARY AND CONCLUSIONS
Summary
The apparatus Popov described in his
January 1896 publication was a storm
detector, not a complete radiotelegraph
system nor even a radiotelegraph receiver.

The technical requirements for a radiotelegraph receiver to detect and record
high pulse repetition rates and to resolve
and record interpulse spacing were much
more stringent than those required for
a receiver to detect the existence of a
storm at a distance, which did not require
detecting or recording every electrical
pulse or the temporal spacing between
pulses. Popov admitted in his paper
that his storm detector would have to
be modified to receive telegraphic messages, and he also admitted that he did
not know of a source of Hertzian radiation sufficiently powerful for sending
and receiving radiotelegraphic messages
at practical distances.
Popov claimed that he used Hertz and
Bjerknes dipole oscillators excited by
spark sources for radiators in all the
experiments he performed on his storm
detector apparatus between 1895 and
January 1898; these sources were small
dipole radiators with small dimensions
that radiated short wavelengths of 5 to
10 meters, which proved to be virtually
useless for practical long-distance radiotelegraphy systems. Marconi was the

first one to use two monopole antennas
of equal length (actually, resonant with
each other) for efficient transmission and
reception of Hertzian waves, something

he first discovered in 1895 while in
Italy. Marconi subsequently demonstrated that longer antennas resulted in
longer distances, which he reduced to
an experimental relationship known as
Marconi’s Law: the range of a telegraph
system was proportion to the square of
the height of the transmit and receive
antennas, provided the two antennas
were resonant with each other. Marconi
first documented the requirement for
resonance between monopole transmit
and receive antennas in his preliminary
U.K. patent application, which he filed
on June 2, 1896.
Popov never claimed that he transmitted
or received telegraphic signals with his
apparatus during the period 1895–1897,
and no known documents exist that support any such claim. There are only seven

known documents and letters prepared
by Popov on or before January 23, 1898,
in which he described his work on coherers, a tapper-back receiver, a storm detector, and associated apparatus. Not one
of these documents described a complete
telegraphic system, nor any experiment
whereby Popov transmitted and received
messages. Popov made no mention of
sending or receiving telegraphic messages
or signals in his letter to Ducretet, dated
January 23, 1898, which included a very
detailed description of all his work during this period.
The assertion by Soviet apparatchiks, first
made in 1925, that Popov’s accomplish-
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ments in radiotelegraphy were not documented because of security restrictions
imposed by the Ministry of the Navy in
Russia is a red herring. In the seven letters

and documents Popov wrote between
May 1895 and January 1896, including a
comprehensive letter to Eugène Ducretet,
a foreign national, Popov disclosed virtually all the details of his work. These
letters and publications constitute prima
facie evidence that Popov was under no
restrictions that prohibited him from
documenting or publishing his work.
This assertion is supported by an article
written by a former Chief of Russian
Radio Communications in 1922, who
observed: “something that seemed of
so little practical importance as radio
telegraphy which then [prior to 1909]
was looked upon as a modern toy and a
very expensive one.” He went on to say of
radio telegraphy: “Real faith in it was not
expressed until 1909, when the sinking
of the Republic proved its value.” Regardless of what restrictions may have been
placed on Popov’s publications, those
restrictions do not relieve Popov of the
requirement for documentation to claim
priority.
Soviet apparatchiks’ claim, first made in
April 1925 and repeated in 1945, asserting that Popov transmitted a telegraphic
message with the words “Heinrich Hertz”
at the meeting of the Physico-Chemical
Society on May 7, 1895, has no basis in
fact, and has been shown to be nothing
but a canard. There is no documentary

evidence to support this story, which
first surfaced in 1925—30 years after
it supposedly took place. In 1926, two
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university professors at the Torpedo
School who claimed they attended such
a demonstration wrote letters to Victor Gabel claiming that the “Heinrich
Hertz” demonstration took place at the
meeting of the Physico-Chemical Society on March 24, 1896, more than a
year after May 7, 1895—and a month
after Marconi came to England with his
radiotelegraph apparatus. The professors’ letters were published in the April
1926 issue of the Russian journal Wireless
Telegraphy and Telephony, where they can
be accessed and read today. The complete
minutes of the meeting, which were later
published, do not mention any such a
demonstration—nor does the letter that
Popov sent Ducretet dated January 23,
1898, which clearly had no restrictions
on what was in the letter.
Claims by the Torpedo School professors
who say that that Popov transmitted a
telegraphic message with the words “Heinrich Hertz” at the March 24, 1896, meeting
of Physico-Chemical Society are contradicted by the published minutes of the
Society meeting and by Popov’s letter to
Ducretet. The terse minutes of the meet-

ing, which were published immediately
following the meeting, support Popov’s
statements: “A.S. Popov shows instruments for the lecture demonstration of
the experiments of Hertz. A description
of their design is already in the Zh. R.
F.-Kh. Obshchestva.” The reason for the
terse minutes was that the equipment was
already described in a previous entry in
the Society’s journal—not because of the
requirement for secrecy. Popov’s version
of his presentation at the Society meeting

Wenaas

of March 24, 1896, is documented in his
letter to Ducretet, in which he wrote:
“At the meeting of the Physics Society in
March [1896], I exhibited several optical
experiments, arranged by Prof. A. Righi,
with Hertz rays, using the vibrators built
based on the design and dimensions of
those of Mr. A. Righi. My apparatus,
enclosed in the metal box with a battery of two small cells, was connected
to the end of an appropriately dimensioned cylinder, placed in the focus of the
parabolic cylindrical reflector [drawing
].” Popov’s statements and the minutes
of the meeting directly contradict the
memories of the two professors, who
were recalling events that dated from 30
years before. The stories of the two university professors are not believable, and
Lebedinsky, in particular, contradicted
himself by changing critical dates and
events in documents published in 1925
versus 1926. Even if this demonstration
did take place on March 24, 1896, it
would have been too little and too late
to claim priority on behalf of Popov,
because Marconi had already transmitted
telegraphic signals to over a mile in Italy
in the fall of 1895 with the equipment
he was known to bring to England in
February 1896.
Conclusion: Popov Was Not the
First to Invent a Practical Radio
telegraph System.
It has been said, “A dream is not an
invention if it ends in a dream. A device
mechanically perfect but which does not
meet practical requirements is also not an
invention in the real sense. The man who
first makes a thing practical is the true

inventor.” 103 It has also been said that
many people invented radio, for example,
Hertz, Branly, and Lodge. However, this
is not true. These individuals did not
even have the dream of sending messages
to long distances with the devices they
discovered or invented—much less did
they actually combine them together into
a system and demonstrate that it was a
practical wireless radiotelegraph system.
It has also been said that Marconi
did not invent anything new—he just
put together devices invented by others.
But Marconi never claimed he invented
the components he used in his radiotelegraphic system, nor did he claim he
invented radiotelegraphy. Instead, he
claimed he invented the first practical
system of radiotelegraphy (using Hertzian waves) that was capable of sending
messages to long and useful distances at
acceptable word and error rates that had
practical applications—and he demonstrated that it worked at much longer
distances than anyone before him—
distances that actually had practical
applications. That is the definition of
invention.
Popov may have dreamed of inventing a radiotelegraphic system using
Hertzian waves, but he never turned that
dream into reality. Instead, he invented
a practical storm detector in 1895 that
he admitted would have to be modified
for use in radiotelegraphy. According to
Popov, his receiver apparatus had a documented range of only 60 to 70 meters.
And according to Popov, it was incapable
of receiving telegraphic messages without
modification. Popov abandoned the work
on his apparatus after he published his
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paper in January 1896, and did nothing until September 1896 when he was
“shaken out of his torpor” by news of
Marconi’s successful transmission of telegraphic signals to a distance of 1¼ miles.
According to Popov’s letter to Ducretet,
he began to improve his apparatus, but
he did not begin to perform field tests on
his improved apparatus until April 1897,
at which time he started to transmit signals (not messages) to characterize the
maximum range of his modified receiver
system. At that time Popov used a 30 cm
Hertz vibrator, with which he detected
signals at a range of about 1 km. At the
same time, Marconi was transmitting
messages across the Bristol Channel at
a distance of 9 miles—a distance greater
than anyone had ever transmitted wireless telegraph messages before him.
The reason why Popov could not
turn his dream into reality is that he
did not understand that the inefficient
design of his antennas doomed him to
short-range radiotelegraphy. The three
design features of Marconi’s antennas
that allowed him to reach the Promised
Land of long-range radiotelegraphy were,
1) monopole transmit and receive antennas, 2) antennas tuned to be resonant
at the same frequency, and 3) antennas with as long a length as practical
to radiate long wavelengths efficiently.
These three features contributed to the
empirical law he discovered, known as
Marconi’s Law—which stated that the
range of a radiotelegraph system was proportional to the square of the antenna
heights, providing they were the same
length (actually, in resonance). In sharp
contrast, Popov used very short dipole
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radiators that radiated short wavelengths
of only 5–10 meters, and transmit and
receive antennas that were not tuned to
the same frequency.
Popov also neglected to improve his
storm detector receiver so that it could
detect and record intelligence by Morse
code at practical word rates. By Popov’s
own words, he claimed that his storm
detector described in his January 1896
paper was incapable of being used as a
receiver of telegraphic messages without
improvements. There is no evidence that
Popov ever improved his storm detector
receiver before Marconi designed and
demonstrated his complete telegraphic
system. Indeed, Popov did not turn his
dream into reality, and he did not invent
a practical radiotelegraph system capable
of sending intelligence to any distance
before Marconi.
In the end, spark radiotelegraphy
evolved according to Marconi’s designs—not Popov’s. No one but Popov
ever used a doorbell as a sounder for a
spark radiotelegraph system or a slow
Richard Brothers type of register to
record Morse signals on tape. After
Marconi’s results became known, everyone, including Popov, began to use
long antennas tuned to the same long
wavelengths and some type of Morse
recorder. And almost everyone began to
use sophisticated, adjustable tapper-back
mechanisms for coherers that could be
tuned to the speed of the Morse recorder
depending on word rate, a two-circuit
coherer system with two batteries, and
damping resistors to prevent unwanted
sparks in the relays from generating false
signals in the coherer.
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Endnotes
Many of the endnotes refer to Russian
journals that were located at the New
York Public Library. While the English names for these journals are used
in the endnotes, they can be located at
the NYPL only by using the Latinized
version of the Russian Cyrillic script.
For posterity, the equivalences between
the English and Latinized versions of
the three journals referenced in the endnotes are provided below. The English
versions of these journals appear in the
endnotes, and the abbreviation J. Russ.
Phys.-Chem. Soc. is used for the oftenreferenced Journal of the Russian PhysicoChemical Society.
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Montagné, p. 138: 2) En ajoutant un fil vertical long de 2−3 metres, l’appareil repondit, à
l’air libre, des vibrations energiques excité par
le grand vibrateur de Hertz—les feuilles carré
de 40 centimeters de coté, avec un etincelle au
l’hui! à la distance 60−70 meters.
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The Beginning of FM Radio
© 2020 Mike Molnar
When AM broadcast radio began 100 years ago, radio was far from perfect. For decades,
broadcasts could be overcome with static, lost to fading or garbled with interference
in a crowded band. On the best of days, the audio quality of AM radio was far below
the full audio spectrum. It would be FM radio that would solve these issues. But FM
radio was not an invention that popped up overnight. From the first patent on an FM
circuit in 1902, it would take over 50 years before the familiar 88 to 108 MHz band was
part of broadcast radios. In the 1920s many patents were granted for various FM plans,
but none performed as hoped. It took a man who could think outside the box to look
at the previous work of others and follow a counterintuitive approach. This man’s 1933
invention of wideband FM is what we still use today. That man was legendary radio
inventor, Edwin Howard Armstrong. But how much of the popular history of FM is only
legend? What is the full series of events that shaped the concept of FM for nearly a half
century that finally became the commercial service we have today?

Problems with Early Radio
In electronic communications, the word
“static” means a noise interrupting radio,
TV, or other electronic communication
caused by an electrical disturbance either
natural or manmade. A typical example
of static is the crackle heard from the
speaker of an amplitude modulation
(AM) radio caused by lightning. Interference is the simultaneous reception of
signals from more than one radio station. Fading occurs due to causes such
as atmospherics, making the same signal
from the same station become too weak
to receive when it was sufficient minutes
or hours ago. Today, these are not the
big problems they were in the early 20 th
century. Now we receive communication by cable service, the internet, or
frequency modulation (FM) receivers,

which are not as susceptible to these
issues. However, in the early days of AM
radio these were very serious problems.
Radio communication requires a transmitter to generate a modulated radio
wave that contains the information to
be communicated. This wave, modulated
with information, is transmitted through
space to a receiver. The antenna at the
receiver captures some of the energy in
the transmitted wave. It then has to separate the information from the radio wave
and present that, in an acceptable form,
to the listener.
The earliest wireless signals were
bursts of radio waves generated by sparks.
The information to be transmitted was
determined by sending a short or long
burst representing dots and dashes of
Morse code that formed words and
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sentences. Soon technology advanced
so that a transmitter could send out a
continuous series of waves instead of the
bursts. To transmit information on these
waves, a system called AM was used. In
an AM transmitter, a radio wave is produced, and the information to be transmitted is used to modulate the amplitude
of the radio wave. When sending audio
signals, louder sound produces deeper
modulations, and the frequency of the
audio signal being transmitted makes
the rises in the radio wave occur faster or
slower. In this way we are sending information by modulating the amplitude of
the radio wave to match the audio information we want to send. This method
of amplitude modulation has been used
from the early days of radio and is still in
use today (see Fig. 1). At the receiver, the
radio wave is demodulated and the audio

Fig. 1. Simplified diagram of an elementary
AM transmitter. (M. B. Sleeper, Standard FM
Handbook, 1946, p. 12)
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information is reproduced. When static
is introduced, it adds to the amplitude
of the radio wave and distorts the audio
transmission. In many cases it makes
the audio information unintelligible. Of
course, today if your AM radio is overcome by static, we have many alternatives, but in the early days of radio, static
would not only end radio as entertainment but also interrupt the transmission
of radiograms, a large part of the radio
business. A survey conducted by the Chicago Tribune in 1941 concluded that, on
average, 37 days in the year radio services
were interrupted by thunderstorms.1 Not
only did the radio listeners want a solution to radio problems, but the radio
business also wanted solutions.
Early Efforts to Improve Radio
From the earliest days of wireless,
engineers from major companies and
lone inventors were trying to improve
radio communication. Many investigators came to believe that amplitude
modulation, by its nature, was always
going to be a victim of static, fading,
and interference. They concluded that
it would be better to find another way
to modulate a radio wave to convey the
required information that was not susceptible to these problems. With the
technology available at the time, two
options were investigated. The first was
frequency modulation, which maintains
a constant amplitude and conveys information by varying the frequency of the
radio wave, and the second was phase
modulation (PM), which maintained
a steady amplitude and frequency but
conveyed information by varying the
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phase of the radio wave. Most efforts
focused on frequency modulation. The
earliest work by Cornelius Ehret, who
filed an application for patent # 785,803
on February 10, 1902, described what
appeared to be a workable system, but
it was never adopted.
Working independently, Valdemar
Poulsen, inventor of the arc transmitter, used a form of frequency modulation to improve reception of his signal.
The arc transmitter sent a continuous
radio wave, and Poulsen modulated it by
closing a telegraph key. He placed some
capacitance in circuit with the closing
of the telegraph key, which caused the
frequency of the radio wave to shift from
the original frequency. A receiver can be
set to receive the second frequency and
only hear the dots and dashes. A receiver
tuned to the first frequency would hear
the spaces between dots and dashes. This
by definition is frequency modulation,
as the change in frequency is used to
convey the information. This system of
frequency-shift keying (FSK) was put
into use.2 Poulsen did not like this system, so he soon discarded it.
The next noteworthy contribution
came from Westinghouse Corporation,
where the KDKA broadcast pioneer
and Westinghouse chief radio engineer, Frank Conrad, and his team were
granted several patents. The first patent
# 1,595,794 issued to Donald G. Little, a
Westinghouse engineer, was filed in 1921
and granted in August 1926. It shows a
simple FM transmitter with a condenser
microphone. Conrad filed an application
in 1922, which was issued in 1925 as patent # 1,528,047. These patents and several

others led to test broadcasts of a system
called “narrowband” FM, conducted by
KDKA in Pittsburgh.3
As hundreds of new stations came
“on the air” in the 1920s, one of radio’s
problems, interference, moved to the
forefront. It was hoped that the congestion in the radio band could be reduced
by making the channel bandwidth used
by each station narrower. Researchers
hoped that a narrow frequency modulation channel could provide the same
audio information with less bandwidth
than the 10 kHz AM channel. In 1922,
AT&T mathematician John R. Carson gave a presentation published in
the Proceedings of the Institute of Radio
Engineers.4 His analysis of modulation,
still used as an engineering reference
today, concluded that narrowband FM
would never provide acceptable results
for broadcast radio.
Radio Corporation of America’s
Early Work on FM
Engineers for the Radio Corporation
of America (RCA) worked on various
plans to use FM and PM. Their activity,
particularly in the early 1930s, resulted
in applications for 44 patents that were
assigned to RCA. Their research was
primarily intended to improve coverage
and reduce fading for long distance communication and facsimile transmission.
This work was carried out by the RCA
Communications Division. Equipment
was installed in Riverhead, NY, and Bolinas, CA. Test transmissions were sent to
RCA receiving stations in Hawaii and
the Philippines. Test transmissions from
Bolinas to Hawaii were often programs
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relayed from U.S. radio stations. It was
noted that on days that static interfered
with AM transmissions, the FM signal
was clear. Transmissions from Riverhead
to Bolinas and back were more problematic. The primary engineers for RCA,
Harold Beverage, Murray Crosby, and
Clarence Hansell, were struggling to get
acceptable results.5 In June of 1931, they
invited a friend and highly respected colleague, often a collaborator at RCA and
Columbia University, Professor Edwin
Howard Armstrong, to visit the installation in Riverhead. After seeing what
was occurring in Riverhead, Armstrong
invited the group to meet him at his lab
at Columbia University to see his work
and discuss FM.

The RCA group was shown that Armstrong was receiving their FM transmission from Riverhead at his lab in New
York City with equipment he had built
himself. A look at the block diagrams
of the early systems of Armstrong and
Hansell were very similar (see Fig. 2). The
reception was surprisingly good in a city
environment filled with electrical noises.
During this time period, Armstrong had
applied for a narrowband FM patent and
was awaiting results. The RCA group
had wanted to disclose their work and
apply for a patent. The legal department
delayed this and wanted the work to be
confidential in order to keep competitors
from entering the field. Even among RCA
engineers, frequency modulation work

Fig. 2. The FM receiver block diagram by Clarence Hansell (top) was very similar to that of
Armstrong (bottom). (Top: G. L. Frost, Early FM Radio, p. 58; Bottom: M. B. Sleeper, Standard FM
Handbook, 1946, p. 22)
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was referred to as X modulation.6 Eventually, Hansell’s work was issued patent
# 1,803,504 on May 5, 1931.
Long distance radio signaling by FM
faced an insurmountable problem with
multipath distortion. The FM signal
bounced over so many paths to the distant receiver that the radio waves often
interfered and cancelled each other.7 RCA
learned that FM was not their answer
for long-range communication. With
additional research, the equipment for
shortwave communication was improved.
Also, more was learned about atmospheric
propagation of radio signals, where radio
waves are bounced off the ionosphere.
These contributed to the improvement of
long distance communications with AM
radio. Armstrong, however, learned that
FM over shorter distance showed promise
for reducing static.8
Enter Edwin Howard Armstrong
Edwin Howard Armstrong enjoyed some
special relationships in the radio business.
In the early 1920s, his inventions of the
regenerative circuit, the superheterodyne
receiver, and the super regenerative circuit, were known to every radio engineer. The improvement these inventions
made in radio receivers made commercial
radio broadcasting to the home possible.
Already famous and wealthy from his
inventions, Armstrong remained fully
active in the radio art. Although he spent
an increasing amount of time defending
legal challenges to his inventions, he was
a professor of electrical engineering at
Columbia University and an independent
inventor. Armstrong’s accomplishments
brought him a special relationship among

engineers. Radio manufacturers were his
license holders, and that brought him a
special relationship with the radio industry, particularly with RCA. As a professor, he had a special relationship with
university researchers, and as an original
member of the Radio Club of America,
he had a loyal group of friends and supporters. These relationships proved to
be a valuable source of information that
would give the inventor a starting point to
avoid repeating the same failures as previous researchers. Armstrong never worked
directly for a radio company because he
preferred to work alone. He recognized
a problem, found a solution, built working models to demonstrate the solution,
applied for a patent, and then presented
the invention to the radio community.
When Armstrong was developing his
regenerative circuits, he achieved greater
amplification than was previously possible. We know from Armstrong’s notes
that he recognized he was amplifying
static as well as the signal, because he
noted the problem of static as early as 1914.
At that time, he and his Columbia University professor, Michael Pupin, worked
together on solving the static problem.
For almost a decade his investigations
led down many roads, and Armstrong
learned just what the challenges were, but
in the end his work brought no positive
results. When interviewed in 1922, before
leaving for France, Armstrong described
static as the biggest challenge in radio.9
War on Static
The efforts, by radio engineers, to reduce
the effect of static started with filtering.
It was believed that by narrowing the
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bandwidth, one could tune out the static
that is spread across the radio spectrum.
Also, it was hoped that by increasing the
power of the transmitter, static would
be overpowered. More sensitive receivers only made matters worse. In later
years, by examining lightning damaged
antenna rods from Armstrong’s experimental transmitters on the Empire State
Building, researchers learned about lightning’s power. To reproduce the pockmarks on the antenna, the researchers
had to produce a high voltage strike at
100,000 amperes. The amplitude modulated radio signal had little chance against
this force of nature. Lightning would add
to the amplitude of the signal beyond
filtering. Its power was distributed across
the broadcast spectrum so that selectivity
would not help, and the most powerful
transmitters were not going to overpower
it. If the radio industry had kept a wish
list for desired improvements in AM
radio, it would have included:
■■ Eliminating static,
■■ Reducing interference between
stations,
■■ Reducing signal fading, and
■■ Improving audio fidelity.
Some years before (in 1916), David
Sarnoff had asked radio engineers to
design what he called a “radio music
box.” That is what Armstrong and other
radio engineers accomplished. Radio
broadcasting had boomed and Sarnoff’s
“radio music box” was becoming a feature in many American households. Now
Sarnoff wanted a “little black box” that
world solve the static problem. Armstrong
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and all radio engineers wanted to solve
the static problem, but it would take
more than a “little black box.” 10
Armstrong’s First Effort
In 1924 Armstrong hired Thomas J.
Styles, a friend from his earlier radio
amateur days, to be his assistant. Armstrong had a preference to work with
friends from earlier days. Styles reveals
that at this time, Armstrong devised a
method to eliminate the static in commercial radiotelegraphy. His system
involved creating a signal that consists
of the difference between the electromagnetic static from natural sources and
a transmitted signal on two alternating
waves following two transmission paths.
His receiver would then cancel out the
natural static, leaving the original signal.
A paper tape ink recorder printed the
message. After three years of experimentation, Armstrong demonstrated positive improvements in reception during
a presentation to David Sarnoff, and he
published a paper on the process in the
Proceedings of the Institute of Radio Engineers (IRE) in 1927.11 However, it was
never adopted. Armstrong’s IRE paper
was challenged by Carson. He demonstrated mathematically that this method
did not reduce the effect of static. He
concluded that any improvement that
Armstrong was able to demonstrate was
due to the improved receiver he had built.
The approaches that the two men took
to understanding the nature of radio
were mirror images. Carson would use
mathematics to understand a physical
concept and conclude that his understanding must be correct. Armstrong
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would understand the physical concept
first and use mathematics as needed to
assure him the concept is correct. This
public setback for Armstrong came in a
difficult period as he was spending much
of his time in legal disputes defending
his inventions and suffering several losses
to Lee De Forest over the regeneration
patent. Armstrong was not defeated. Still
ready to battle static, Armstrong maintained his research into finding another
answer to the problem.12
High-Fidelity AM
As radio technology improved and
demand increased, the radio industry
and the FRC (Federal Radio Commission, predecessor to the FCC) recognized
the need to improve radio service to the
public, and in particular they recognized
the need to reduce the effect of static as
well as interference between stations.
There was also a desire to increase audio
quality of AM radio. This required an
increase in audio bandwidth from 5 kHz
to 10 kHz, which was then standard on
AM radio broadcasts.
The FRC planned to reduce static and
interference by moving broadcast radio
to higher frequencies, or shorter waves. It
was believed that in this area of the radio
spectrum, there was less natural interference. Also, there would be room to allow
more space between stations to reduce
interference and to use a 10 kHz audio
bandwidth for improved sound fidelity.
The first action came in 1932. While
there was demand to add more channels
to increase the AM band from 1,500 kHz
to 2,000 kHz, the FRC chose another
option. They licensed some stations to

broadcast in this band with a 20 kHz
bandwidth versus the usual 10 kHz.
Initially only the four stations listed in
Table 1 took part in this experiment.13
Station W2XR was founded by
radio engineer and inventor John V. L.
Hogan. His interests beyond improved
fidelity included high-resolution facsimile. This station became WQXR in
New York and also one of the earliest
FM stations. Although testing proved
that audio quality was improved, static
and interference persisted, and these tests
were terminated.
Table 1. Early high-fidelity AM
stations, 1932. (All at 1 kW output.)

Armstrong Gets to Work
After his early failures battling static,
Armstrong once stated, “My early failures
here were a chastening experience and
it was two years before I regained sufficient confidence to tackle this particular
problem once more.” Years earlier, Edwin
Howard Armstrong entered Columbia
University as an undergraduate in 1909,
and he studied under Professor Michael
Pupin, a noted inventor himself. He
studied at Columbia through graduate
school, with an interruption to serve his
country in WWI. After the war and his
promotion to major, Armstrong returned
to Columbia and was affiliated with the
university for the rest of his life. In the
1920s, Pupin was aging and no longer
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able work with Armstrong. After Pupin’s
passing in 1935, Armstrong replaced him
as a professor of electrical engineering
and head of the Marcellus Hartley Lab.
Not active in teaching, Armstrong, now
a wealthy man from the sale of his patents, took a nominal one dollar per year
salary and personally paid the salaries of
his staff. He was then able to set up the
laboratory for his own research.14
After his earlier research, Armstrong
came to understand that since static
entered an AM radio receiver with the
desired broadcast signal, there would be
no way to separate the static and filter it
out. He realized that he had to investigate a system other than AM radio, and
FM radio could hold the answer. Others
had tried this system with no success;
Carson’s analysis added to the general
opinion that it would not work.
Armstrong was never one to follow
the general opinion of the crowd without
proving it to himself. Was everyone else
missing something? At this time Armstrong was dividing his time between
time in trials, hearings defending the
regenerative patent, and assisting RCA in
making the superheterodyne radio ready
for the marketplace. As he regained the
confidence to go after the static problem,
he hired another assistant for the laboratory. The new man was John Shaughnessy, who brought skills in making the
circuit models and performing the testing that Armstrong would need.15 Still
convinced that frequency modulation
was the answer, they had to start work
in a new field. There was no frequency
modulation equipment that could simply be purchased. Everything needed
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would have to be designed and built from
scratch. The breadboard method of construction was used to allow for changes,
adjustments, and measurements. For two
years they labored to make a working
narrowband FM system. To become
established in the field of FM research,
Armstrong filed a patent to cover his
work. The application was dated May 18,
1927, and granted on Dec. 26, 1933, as
Patent # 1,941,447. This patent was for
a narrowband FM radio system of the
type that Carson said would not work
for broadcast use. It did not work.
Wideband Frequency Modulation
It was here that Armstrong decided to
understand the physical concept before
accepting mathematical proof. The physical concept Armstrong had was not to
make the bandwidth the same, but to
make it wider. Then the problems in Carson’s mathematics would go away. As he
made it wider, he could also increase the
audio bandwidth and improve fidelity
to match human hearing. This meant
that construction of this equipment was
even more difficult because wideband
equipment wasn’t available. As this work
was progressing in the early 1930s, there
were some technical advances in Armstrong’s favor. Vacuum tubes, electronic
components, and test equipment were
all improving. This gave Armstrong the
tools he needed to build this system. If he
was to replace AM broadcasting with stations similar to the current FM stations,
only five stations would fill the entire AM
band. Armstrong would have to find new
technology to meet new specifications.
He would need:
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■■ Wideband amplification,
■■ Ultra high frequency transmitters,
■■ Ultra high frequency receivers, and
■■ High-fidelity audio equipment.
Equipment was designed and built
in the basement labs in Philosophy
Hall. Initially, a transmitter was built
in one room and a receiver in another.
As the next few years progressed,
records would show over 100,000 tests
and measurements had been taken in
test systems employing as many as 100
vacuum tubes.16 What Armstrong had to
accomplish, as he did in AM radio, was

to modulate the radio wave to convey
information sent from the transmitter
to the receiver that would remove the
radio wave from the signal and present the information, in this case, audio
information. Armstrong’s system of frequency modulation in the early days,
sometimes called wave shaping, is shown
in a simplified diagram of Fig. 3. While
it may not be obvious, in this diagram
the microphone is of the condenser type,
in which the audio flexes the diaphragm,
thereby modifying the capacitance. The
microphone is in parallel with a fixed
condenser that controls the starting frequency of the radio wave. Small changes
(low audio) in the capacitance of the
microphone would cause small changes
in the frequency of the radio wave and
large changes (loud audio) will cause
large changes in the frequency. The
height or amplitude of the radio wave
would remain steady (see Fig. 4).
Fig. 3. (left) Simplified diagram of an elementary FM transmitter. (M. B. Sleeper, Standard
FM Handbook, 1946, p. 12)
Fig. 4. (below) FM receiver waveforms of limiter and discriminator voltages. (M. B. Sleeper,
Standard FM Handbook, 1946, p. 22)
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Patents Granted and the Columbia
Demonstration
By 1933, the FM system was coming
together, and Armstrong had to patent
his work. Now over 40 years old, Armstrong had decades of experience with
the patent process, although some of that
experience was bad. His first successful
invention, the regenerative circuit, was
patented in 1913. For Armstrong, everything about it had gone wrong—from
the delayed patent application, (since his
father would not loan him the money
for the fees), to a final Supreme Court
decision three decades later that awarded
the patent to Lee De Forest. Armstrong

did not want to make the same mistakes
this time. He knew that his work would
be reduced to words, and patent clerks,
lawyers, and judges would argue over
the words.17
With the help of another law firm,
Moses and Nolte, Armstrong prepared
five patent applications covering the
FM system. These patents are shown
in Table 2.
As the patents were filed, Armstrong
prepared a demonstration for his friend
from RCA, David Sarnoff. This demonstration, circa Christmas 1933, would
be repeated for RCA engineers over the
next several weeks. A simple and crude

Table 2. First Armstrong FM patents issued.
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Fig. 5. The first wideband FM demonstration equipment, Columbia University, 1933. (Lawrence
Lessing, Man of High Fidelity, p. 224e)

demonstration of rooms filled with circuits built on breadboards, which were
filled with many dials and vacuum tubes,
yielded an elegant and beautiful result
(see Fig. 5). Still, it was obvious to Sarnoff and others that much still needed to
be done. The rows of tubes would not fit
in the “little black box” Sarnoff wanted.
Some engineers hearing the demonstration were skeptical. Could FM even be
made to work outside the lab?18 A fullscale field test was needed. That would
be the way for FM to show its stuff.
Apex Stations
After the earlier high-fidelity AM tests
had ended, plans were made to move
testing to what was called the ultrashortwave band from 25 MHz through
42 MHz. It was believed that the higher

frequencies would be less susceptible to
natural and man-made static. Since this
part of the spectrum was largely unused,
these experiments would have plenty of
space for bandwidth and channel spacing, but much of the transmitter and
receiver technology for these frequencies
was in the early stages of development. It
was hoped that simply shifting AM stations to these higher bands would solve
the three problems of static, interference,
and fidelity.
It was common belief at the time, that
radio signals at these short wavelengths
would only be useful in line of site of
the transmitting antenna. Therefore,
these stations would have to be placed
at the highest point (apex) available. It
was FCC assistant chief engineer Andrew
D. Ring who began calling the stations
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taking part in these tests “Apex Stations.”
By 1939 there were Apex stations in 34
cities in 22 states. The technical term,
“Apex Station,” had come to describe
all stations experimenting in the ultrashortwave region.19 This included both
AM and experimental FM stations on
this 42 MHz band, as well as amateur
10 meter transmitters. It was believed
that the transmission range would be
short at these frequencies, so broadcasters
would need two AM stations, one apex
high-fidelity station for nearby listeners,
and one AM band station for extended
coverage.20 It was clear that the Apex
AM stations were able to demonstrate
improved fidelity over standard AM stations. Static, however was still a problem.
Apex stations, always experimental, were
never given commercial licenses. When
compared to FM, which was able to show
high fidelity, almost no interference, and
almost no static, the FCC by 1940 began
to recommend that the operators of Apex
station consider converting AM Apex
stations to FM.
Empire State Building Field Tests
After the FM demonstrations at Armstrong’s Laboratory at Columbia University came to a successful completion,
it was time for field testing. Armstrong
had kept his commitment to give David
Sarnoff and RCA the first option to
acquire the FM system. Armstrong
was already feeling a lukewarm response
from RCA. Thanks to some encouragement from Harold Beverage and other
RCA engineers, David Sarnoff agreed to
have RCA assist Armstrong with field
testing.
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In 1932, RCA was conducting television field testing from a transmitter
atop the new Empire State Building (see
Fig. 6). The tests included transmission of
a 120 line image to all electronic field test
receivers using crude 5 inch CRTs. The
picture was generated with a mechanical scanning disc camera, as Vladimir
Zworykin’s Iconoscope camera tube was
not ready for field test. When the tests
concluded, the VHF transmitter equipment was not scheduled for any immediate use. Armstrong was given use of
the equipment, and plans were made to
bring in his equipment. It is fortunate
that Thomas J. Buzalski, the RCA chief
transmitter engineer, gave his recollection
of the event and that was documented
and is available to us today.21

Fig. 6. Empire State Building rooftop antennas,
1934. (AWA Review, Vol. 1, 1986, p. 108)
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One recollection, the first visit of
Major Armstrong to the Empire State
Building transmitting facility, is noted in
a record of visitors that was maintained at
the time. Under the date of January 12,
1934, is the following entry: “Mr. Beveridge [sic] of RCA Communications and
Major Armstrong here to discuss some
experimental work which Major Armstrong
expects to do here in the near future.” That
visit was promptly followed by another
on January 19, 1934. The notation indicates that Major Armstrong was there “to
get information on W2XF for experimental
work he is to do in the near future.” 22
Armstrong’s preparations were meticulous. On March 26, 1934, he requested
that the television transmitter he would
convert to FM be tested for bandwidth,
thus assuring that it would add no distortions to his FM signal. Faults were
found in the radio frequency stages of the

transmitter, and a mismatch was found
in the antenna system. RCA engineers
corrected the faults, and in May 1934, in
the room on the 85th floor that had been
the experimental television studio, Armstrong installed FM exciter equipment
to drive the transmitter. The equipment
Armstrong brought in was laid out on
tables, and circuits were built up breadboard style. This allowed easy access for
changes for test measurements or circuit
changes (see Fig. 7).
The FM transmitter was licensed as
W2XDG, and on June 2, 1934, testing on
41 MHz began. A separate AM transmitter was operated for comparison field tests.
There were 49 hours of testing in June.
Although the transmitter input power
was 5 kW, they believed the output power
to be 2 kW. After a short time, an antenna
support failed. The exact replacement
was backordered, and when a substitute

Fig. 7. FM modulator breadboards used in Empire State Building tests. (Columbia University
Libraries, Armstrong Collection)
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was installed, they found a substantial
increase in efficiency.23 There was much
learned about working on equipment at
these high frequencies with 1930s technology. Armstrong had a cordial relationship
with the engineers at the transmitter. He
was called the Major, a title in honor of
his military rank after WWI.
He was often at the transmitter site
for experiments and tests. Buzalski tells
us about another of the Major’s visits:
“When Major Armstrong planned to
make adjustments to or measurements on
the performance of the FM signal generating
system, he would usually call in the morning to advise that he would arrive after
lunch, meaning sometime between 2 and
3 p.m. After a few words of greeting and
an outline of projected demonstrations, the
Major would shed his jacket and frequently
his shirt and tie as well, and proceed with
his work in the studio. He was sometimes
unduly secretive about his objective or the
nature of the problem he was trying to solve.
Time meant nothing to him. The 5
p.m. quitting time would come and go but
Howard would continue to tinker. However, when an acceptable stopping place was
reached, he would confess to the need for
some nourishment and more often than not
would take all hands out for dinner before
turning us loose. Those were memorable
occasions during which incidents in the
early history of radio would be colorfully
related.” 24
To test the FM transmitter would
naturally require a receiver, and at the
time there was only the one Armstrong
built at the Columbia Lab. For the first
tests, the receiver was set up in Westhampton, NY, some 70 miles away at
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the Long Island summer home of Armstrong’s friend, George Burghard. In the
logbook, Burghard noted the first reception from the Empire State Building on
June 16, 1934. Also, on that date, Armstrong added these lines to the logbook
“An era as new and distinct in the radio art
as that of regeneration is now upon us. After
ten years of eclipse my star is rising.” (See
Fig. 8).25 The logbook continued to show
reports of excellent reception through all
kinds of conditions, including thunderstorms. As the path from the Empire State
Building was considered to be too easy
a test, the receiver was dismantled and
moved to the Haddonfield, New Jersey,
home of another Armstrong friend and an
RCA engineer, Harry Sadenwater. This
setup in Sadenwater’s basement was some
80 miles away and over a more challenging terrain. The receiver was not a simple
setup. It included an equipment panel
for the IF stage, the limiter stage, the
discriminator stage, and finally a cabinet
for the audio amplifier and speaker. The
tuner and converter consisted of a modified RCA VHF communications receiver
(see Fig. 9).
At the time the testing was proceeding, Armstrong brought RCA engineers
and executives to Haddonfield for demonstration. Armstrong, realizing that all
of the RCA transmitter crew that had
worked on this project had never heard
the receiver, arranged for the entire crew
to be transported to Haddonfield to hear
FM for themselves. Not only did they
hear full fidelity, static free sound, but
were also able to appreciate the unimaginable signal to noise ratio that FM could
achieve.
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Fig. 8. Armstrong logbook notes on first Empire State Building test. (M. B. Sleeper, Standard
FM Handbook, 1946, pp. 10, 11)

Fig. 9. FM test receiver in Haddonfield, New Jersey, 1934. (FM and Television, Aug. 1944, p. 31)
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Television and the Radio Business
Get in the Way
It is important to understand the commitment Sarnoff and RCA made to the
development of television. Since the
1920s, any positive news reports on
experimental television would end with
“television is just around the corner.” It
was apparent to the established radio
business that the mechanical televisions
of the 1920s and early 1930s were not
going to be acceptable to the general
public. All electronic television was the
only answer, and its full development
would be a monumental task. It would
take RCA, the giant of the radio business, to take on a project of this scale.
Sarnoff started making moves in this
direction in the 1920s. In 1932, when
RCA took over the Westinghouse share
of the radio business, Sarnoff picked
some of the engineers to come over to
RCA. That is how Vladimir Zworykin
came to RCA in Camden, NJ. It would
be his work developing the Iconoscope
camera tube and the kinescope picture
tube that made the RCA system of electronic television possible.
Taking on a project of this scale
during the depression could only have
happened with the leadership and drive
of David Sarnoff. Years later he would
reminisce about this period and tell the
story of his first meetings with Zworykin.
Sarnoff would say that Zworykin wasn’t
his best engineer but rather he was Sarnoff’s best salesman. Sarnoff then tells
the story of how Zworykin sold him on
developing television for Zworykin’s
estimate of $100,000, when in reality it
would finally cost RCA $50 million.26
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Although a funny story, you can be sure
that as shrewd a businessman as David
Sarnoff was, he knew what he was getting
into. He would have to convince stock
holders that during the depression years,
when RCA had two losing years in a
row, that his commitment to television
would continue. Television required Sarnoff to create an industry. This industry
required research departments to create
new technology, new broadcast equipment and studios, lines to network cities
together, and factories to make picture
tubes and receivers. Little of this existed
before Sarnoff made this commitment.
At this time Armstrong was still hoping for Sarnoff to give more support to
his FM work. At a stockholders meeting
on May 7, 1935, as major stockholders
spoke out against the direction Sarnoff
was taking the company and against the
salary paid to executives like Sarnoff,
Armstrong spoke up in support of Sarnoff, reminding them that Sarnoff saw
the company through hard times and
that Sarnoff had Armstrong’s support
“even though I have a row on with him
now.” 27 However, in April of 1935 Sarnoff released a national statement to the
press. He announced an initial expenditure of $1 million and proclaimed RCA’s
dedication to see television through to
commercial use. The statement contained
no information regarding FM. When
RCA made a presentation to the FCC
regarding spectrum allocation, they
spoke up for television but again no
mention of FM.
The Empire State Building transmitter was an essential part of television field
testing that was critical to RCA’s plans.
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Sarnoff needed to resume TV field tests
and Armstrong had to end his FM field
tests. These 1936 tests would be for the
all-electronic, higher-resolution system
needed for commercial television. Nine
inch and twelve inch television receivers
were constructed and placed in engineers’
homes. Studios were being built using
cameras with the Iconoscope tube. Test
programs were transmitted and reception
reports would be sent from the engineers’
homes. All parts of the television system
had to come together. Sarnoff made the
historic announcement inaugurating
commercial television in a broadcast at
the 1939 World’s Fair. Much work on
television still needed to be done. For
David Sarnoff, failure was not an option.
It was against this backdrop that
Armstrong was hoping for support from
Sarnoff. It wasn’t to come. At this time
the production of AM radios had little
profit, as the average price of a radio
dropped to $59 and any commitment
to FM would upset an already marginal
business. Armstrong also knew that to
receive FM, radio listeners would have to
replace their present radios. If the FCC
and the radio industry were to decide
that a full transition would take place,
during the great depression, owners of
these $59 radios would have to discard
them and purchase FM radios, costing
what was estimated as closer to $200.
In the years since broadcasting began,
radio had entered millions of homes.
Could FM make 27 million radios go
silent? For comparison, the number of
radios and the number of other popular
products in America’s homes in 1938 is
shown in Table 3.

Table 3. Number of popular products
in America’s homes, 1938.

In 1936, the FCC held hearings in
Washington, DC, to get suggestions for
new broadcasting frequency allocations.
RCA sent a large contingent. Armstrong
and Paul DeMars, chief engineer of the
Yankee Network in New England, came
to speak up for the allocation of bandwidth for FM. As the RCA presentations
moved on, Armstrong found that they
only requested allocations for television;
FM was completely ignored.28
Armstrong and DeMars spoke for
FM, and in final determination, FM was
given about 1 MHz, enough space for
five stations. This allocation would last
until 1940 when commercial broadcasting would begin (see Fig. 10). Armstrong
was forced to come to the conclusion
that FM, if left to a big corporation,
would languish. Armstrong was coming to realize that if FM was going to be
developed to its full commercial potential, and if he were to wait for Sarnoff
and RCA to commercialize FM, more
than a decade would be lost. He also
found that others in the radio business
had negative attitudes towards FM. In
1935, only a month after newspapers
reported on Armstrong’s successful FM
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Fig. 10. Radio frequency allocations between 40 and 129 MHz as established by the FCC, October
1937 to May 1940. (M. B. Sleeper, Standard FM Handbook, 1946, p. 3)

demonstration, Radio Retailing magazine
published an article with a skeptical view
of FM. While they admitted that FM
would probably solve the static problem,
FM would require new transmitters, different receiving circuits, and operation
in the ultra-high frequency part of the
spectrum. They reassured radio dealers
and manufacturers, worried about an
upset in their business, that FM was just
as far off as television.29
Since the early demonstrations of FM
were largely confined to RCA, the rest
of the industry was skeptical of what
was happening. There was more gossip
and rumor in the industry than facts. It
was believed:
■■ FM would have limited range;
■■ It wouldn’t work outside the lab;
■■ It was too complicated for home use;
■■ It was too expensive for home use;
■■ And, most serious of all, if RCA
wasn’t getting involved in FM, there
can’t be anything to it.
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Armstrong came to realize that the
battle for FM would have to be fought on
the technical front as well as the public
relations front. He also concluded that
he would have to lead this battle himself.
Yonkers Station, Disclosure, and
IRE Demo
In 1935, when the FM equipment was
removed from the Empire State Building, Armstrong knew he had no way to
further develop and demonstrate FM. To
move ahead with FM on his own, Armstrong would have to increase the capabilities of his staff at Columbia. In the
summer of 1935, Armstrong added three
Columbia graduate engineers to his staff.
One of these engineers, John H. Bose,
would work with Armstrong for many
years, patenting some FM improvements
of his own. He describes working for
Armstrong as a paternalistic rather than
corporate environment. The workplace
was informal with a boss always willing
to help a loyal employee, but also with
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a boss that expected an employee to be
devoted to the task and willing to work
odd hours, and to receive home phone
calls from the boss at almost any time.
Bose would often joke that his church
attendance increased as he sought a place
to escape the phone calls.30
Armstrong arranged to build a transmitter to be installed in the home of
an old radio friend and amateur radio
operator, Randy Runyon, in Yonkers NY.
Runyon, with Armstrong’s help, built
the power stages on site (see Fig. 11 and
Fig. 12). Armstrong, Bose, and the people
in the lab built the modulator and driver
stages. This station of Runyon’s, W2AG,
had a license modification to transmit
FM at 110 MHz, the 2-1/2 meter band.
An antenna was erected and the transmission was at 100 watts.
Armstrong had honored his “Gentlemen’s Agreement” giving RCA the

Fig. 12. Modulating equipment for the 110 MHz
FM station W2AG, Yonkers, NY. (FM and Television, Aug. 1944, p. 34)

Fig. 11. Frequency multipliers and amplifiers at W2AG, Yonkers, NY. (FM and Television, Aug.
1944, p. 36)
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right of first refusal to any of his inventions. At best, the RCA response could
be described as foot dragging, so Armstrong came to the conclusion that it was
time to demonstrate FM to the rest of
the radio world. The best method at the
time was to publish a paper and present
it to a meeting of the Institute of Radio
Engineers. The presentation would then
be published in the Proceedings of the
Institute of Radio Engineers, where comments and criticisms of readers could
also be published.31 The paper titled
“A Method of Reducing Disturbances
in Radio Signaling by a System of Frequency Modulation” covered the early
history of strategies to use frequency
modulation, the problems of dealing
with static, and improving audio fidelity.
Armstrong planned a surprise FM
demonstration to the audience after his
presentation. A receiver was set up in
the hall, and a transmission was planned
from Runyon’s home in Yonkers. As
Armstrong was finishing his presentation, he was advised that the transmitter
was down. As Armstrong stalled, a generator was repaired and the demonstration started. The announcement came
from Yonkers: “This is W2AG broadcasting with frequency modulation on
2½ meters.” This was the first thing to
surprise the crowd, as common knowledge said that radio waves that short
were useless. Another amazing part of
the demonstration was the lack of background sound. The signal-to-noise ratio,
even on this early FM set up, was about
100 to 1. This meant silence when there
is no program sound from the speaker.
The best case signal-to-noise ratio for
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standard AM was about 30 to 1. Lastly,
Armstrong demonstrated that the transmitter power could be reduced to a few
watts without the appearance of fading
that would be noticeable with AM radio.
Although this demonstration surely
impressed the audience, there was no
rush to change the radio industry. At
best, there was a wait and see attitude
as the radio management upstairs would
sometime let the engineering office know
if anything would come of this. Was
it too complicated, could it ever work
outside the lab, did it need too much
bandwidth, was static reduced by the
use of FM, or only by the use of ultra
short waves and so on? There were many
questions to be answered, but this big
question hung over the industry: If there
was anything to this again, why weren’t
RCA and the FCC on top of this?
The Alpine Station
The success of the Empire State Building
tests did not bring about a change in the
attitude of Sarnoff and RCA regarding
FM. Armstrong, himself, foresaw the
conflict when he described FM—not
an evolution but a revolution in radio.
Revolutions upset the status quo and in
this case the status quo was the entire
radio business. On the broadcast side,
transmitters would have to be replaced
and studios upgraded for high-fidelity.
On the radio listener’s side, radios would
have to be replaced. There was no business model to cover the cost of this
change, so the cost would be borne by the
broadcaster and the listener. It became
obvious that the change would have to
be a gradual transition. The broadcast
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industry had a monopoly in the sense
that all of the space in the spectrum
was filled, so a large competitor could
not find an opening to move in to the
AM radio business. The concept of a
higher quality broadcast modality that
was open to new players in the radio
business caused the establishment to
strengthen their defenses. Armstrong
was loyal to RCA, giving them the option
to be involved in the development of
FM. The interest that RCA did show
could be seen as a way of keeping an eye
on development without encouraging
it. As the FM equipment was leaving
the Empire State Building, Armstrong
faced a decision. He could wait for RCA
to finish developing television and see a
very slow integration of FM, all of which
could take decades. His other option was
to take on the full development of FM on
his own. In his entire career, Armstrong
never backed away from a challenge and
he wasn’t about to start now.
Armstrong realized that he would
have to carry the fight for FM, and the
small-scale demonstration equipment
he had would not do the job. The next
step would require a large scale and highpowered field test. The comparison of
AM to FM would have to be a one-onone comparison. To do this with his own
funds, Armstrong sold a large block of
his RCA stock. His first purchase was a
high-power VHF transmitter from RCA.
The transmitter and related equipment
totaled $60,000. This gave Armstrong
the high-power output needed and
saved him construction time; the FM
modulation component would have to
be designed and built from scratch.

The following announcement appeared in the May 1, 1936, issue of
Broadcasting magazine.32 “The first application ever filed for ‘super-power’ on
the ultra-high frequencies was submitted to the FCC April 28 (1936) by Maj.
Edwin H. Armstrong, noted inventor of
the feedback and superheterodyne circuits. He asked for 40,000 watts peak
power for a general experimental station
in New York City to operate on the channels above 41,800, 86,500 and 111,000
[kHz].” Armstrong also predicted that
his 40 kW broadcast would be equal to
an AM broadcast at 500 kW!
To transmit a clear 40 kW signal to
cover New York City and beyond, Armstrong picked an ideal location. Across
the Hudson River, from his hometown
of Yonkers, Armstrong had often seen
the tall cliffs on the New Jersey side. He
visited the area where he found and purchased property in the town of Alpine,
NJ. Then to Armstrong’s surprise, the
application to the FCC was denied. Typically, for qualified applicants, the license
application for the construction of an
experimental station would be more of
a formality. The FCC consisted of political appointees, professional bureaucrats,
and technical experts. At the time, the
FCC’s chief engineer was Charles Joliffe,
and his assistant was an engineer named
Andrew D. Ring. Armstrong had dealings with Ring over frequency allocations where he battled with the FCC and
RCA’s television demands to claim some
of the frequency spectrum for FM. Large
companies like RCA often had an undue
influence over the agencies tasked with
regulating them. In this case Ring told
Volume 33, 2020

265

The Beginning of FM Radio

Armstrong that FM was a fantasy and
should be restricted to low-power tests.
Armstrong had learned some of the
ways of Washington. He hired a Washington law firm experienced in dealing
with the FCC. In their own way, they
lobbied one of the FCC directors, a Mr.
T. A. C. Craven. They convinced Craven
to use his power as a director to overrule
Ring, and Armstrong got his license.33
Then work began and the property was
cleared (see Fig. 13). Contracts were made
to construct the building shown in Fig. 14

and the best transmitter equipment was
bought and many custom FM devices
were built (see Fig. 15). Armstrong would
make no compromises in building the
Alpine station, and the tower was an
example of his determination. In 1938,
he contracted with the American Bridge
Company to construct a tall three-armed
structure. Still in use today and known
as the Alpine Tower, it is visible along the
Hudson River Palisades. It can be seen to
the north from the George Washington
Bridge (see Fig. 16).

Fig. 13. W2XMN special FCC authorization. (Columbia University Libraries,
Armstrong Collection)
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Fig. 14. Exterior of W2XMN, Alpine, New Jersey, circa 1940. (Columbia University Libraries,
Armstrong Collection)

Fig. 15. Interior of W2XMN, Alpine, New Jersey, circa 1940. (Columbia University Libraries,
Armstrong Collection)
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Fig. 16. The Alpine antenna tower, Alpine, New Jersey. FM broadcasting started here. (FM and
Television, Aug. 1944, p. 65)

Armstrong knew that the antenna
system working with frequency modulation at these ultra-high frequencies would
be an experimental structure. The design
of the three arms would facilitate making
frequent changes, and it was well known
that Armstrong would enjoy making the
changes himself. He had the tower built
to these specifications:34
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■■ Height above ground to the top of
the third arm: 410 feet.
■■ Height above ground to the second
arm: 320 feet.
■■ Height above ground to the first arm:
240 feet.
■■ Arm span: 150 feet.
■■ Height above sea level to the third
arm: 936 feet.
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The FM Receiver
To conduct extensive tests of the FM
transmissions would require reception
reports from a number of receivers. At the
time there were only three experimental
FM receivers in existence. Busy with
other work, Armstrong contracted General Electric to build 25 FM receivers.
Some could be placed in geographic locations to provide field test results, and others could be used for demonstrations. The
cost for each receiver was $400, which
in 2020 dollars was about $7,000, for a
total of $175,000.35 The receivers built
to Armstrong’s design consisted of two
chassis in a single cabinet. The speaker
was in a second cabinet and an external
antenna was required. Since these receivers were built to Armstrong’s design, the
engineers had no experience and likely no
test signals to work with. Therefore, it is
not surprising to learn that none of the

receivers worked on arrival. Among the
technicians who operated the receivers,
they were known as the “Schenectady
Receivers,” because the GE factory was
located in Schenectady, NY.
One example survives in a private
collection (see Fig. 17 and Fig. 18). It was
initially found at the Alpine station, and
a tag reveals that it was a sample unit,
likely retained for display in litigation.
The bottom chassis contains a module
for the tuner and converter. The bottom chassis also contains the IF section,
converter, limiter, and discriminator. The
top chassis contains the power supply
and audio amplifier. The radio closely
follows the receiver described in Armstrong patent # 1,941,069, and has a GE
Tag that describes the unit as: GE Catalog # 5100997, Frequency Range 41–44
MC. The FM receiver tube complement
and function is shown in Table 4.

Fig. 17. Front view, first FM receiver built for
Armstrong by General Electric. (Photo courtesy
Mike Katzdorn and Robert Lozier)

Fig. 18. Rear view, first FM receiver built for
Armstrong by General Electric. (Photo courtesy
Mike Katzdorn and Robert Lozier)
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Table 4. FM receiver tube complement and function.

Results of the Alpine Tests
As broadcasting from W2XMN continued and more tests were analyzed, the
results were both impressive and surprising. The invention of wideband FM
brought more benefits than Armstrong
expected, including how the FM receiver
removed static. Now the problems of
static, interference, and fading were dramatically reduced. Further work would
expand the audio range to reproduce the
full spectrum of sound. The full list was
impressive.36
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Benefits of FM Broadcasting
Here is a summary of the benefits of
listening to FM radio broadcasts:
■■ Reduces static to an insignificant factor.
■■ Eliminates interference by stations
on the same frequency.
■■ Facilitates the use of the entire audio
frequency spectrum.
■■ Permits complete dynamic range
reproduction.
■■ Receives all stations at the same volume level.
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■■ Less drop out on steel bridges and
in underpasses not reached by AM
band signals.
■■ Provides reliable night and day coverage within a predetermined area.
■■ Greatly increases the non-fading
reception range.
■■ Reduced and constant transmitter power required for covering the
broadcast area.
■■ FM multiplexing possible for additional program material.
How does FM accomplish all of
these improvements over the AM system? An examination of what is called
the FM capture effect will explain many
of these features. An experienced AM
radio listener is familiar with the fading
of stations, and receiving two or more
stations at the same place on the tuning dial. The same listener on FM will
notice that within the primary broadcast
service area, there is no fading and all
stations play at the same volume level
and never with two stations interfering
with each other.
To understand how this happens
requires a look at the functions of the
blocks in a FM receiver block diagram
(see Fig. 2, bottom). The start is a high
frequency, wideband superheterodyne
receiver. The IF section gain is controlled
by an automatic volume control (AVC)
circuit to produce a preset output. This
is sent to a circuit called a limiter which
acts as a window, blocking a signal too
high to pass through the window or
too low for the window. The signal that
passes through the window of the limiter
is sent to a discriminator circuit. This

circuit acts as a detector in an AM radio
except that instead of detecting amplitude, it takes the variations in frequency
of the transmitted signal and converts
these variations to an audio signal that
varies in audio amplitude to match the
frequency variations. This audio signal
then goes to audio amplifiers and finally
a loud speaker.
Therefore, if a small signal passes
through the IF stage, the AVC circuit
raises the gain of the IF stage so an
appropriate signal is sent to the limiter,
any static of a high value is truncated
by the limiter, and only the desired
signal is sent to the discriminator and
converted to audio, which is then sent
to the audio amplifier at an acceptable
level. If a large signal is received by the
IF section, the AVC lowers the gain of
the IF stage, again the limiter blocks
static, and passes the same level signal
to the discriminator and then audio to
the amplifier and speaker. The listener
then receives the program at the same
level as the weaker signal.
When two or more signals are
received simultaneously, one stronger
than the others, all of the signals are
summed, passed through the IF stage
and gain adjusted by the AVC. The small
additions to the peaks of the wave generated by the weaker signals are truncated
by the limiter. Next, the discriminator
acts on the frequency changes primarily
at the zero crossing, where the positive
and negative parts of the wave cross zero
volts. There, at the point of the steep
slope of the curve, only the stronger signal is detected and passed to the audio
amplifier and speaker. This is again at
Volume 33, 2020

271

The Beginning of FM Radio

the same audio level for the listener as in
the previous examples. This characteristic is what is called the “capture effect”
and it allows two FM broadcast stations
to operate geographically closer to each
other without interference.
It was known that to prevent two
AM stations on the same frequency from
interfering, the stronger station should
be 20 times stronger. If not, the listener
will hear both stations at the same time.37
With FM, the signal only needs to be
twice as strong and the weaker signal is
blocked. Fading in AM stations results
from the received station getting louder
and quieter as a result of the distance
from the transmitter or changes over the
terrain. The limiter and AVC in an FM
receiver reduce this effect by adjusting
the gain as well as having room for the
signal to be reduced, but a signal that
was above or below the limiter values
will be able to pass this window. As the
signal level varies, the listener enjoys the
same audio level.
It would appear that some of the
results of the Alpine tests must have come
as a pleasant surprise for Armstrong. The
FM transmissions had a much greater
range compared to an AM transmission of the same power output. As long
as the signal input to the receiver was
enough to fill the window of the limiter, a distant listener would hear the
same quality audio as a listener near the
transmitter. Not only did the wideband
signal allow full range of the audio spectrum, it also allowed greater dynamic
range and greater signal-to-noise ratio
than was previously known. Armstrong
discovered that the improvement in
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signal-to-noise ratio increased by the
square of the increase in bandwidth. In
the FM system, the level of the audio output of the discriminator increases with
the increase in frequency shift. By having
enough bandwidth to allow a large shift
in frequency, the dynamic range of the
audio output is increased. This allows the
listener to enjoy an audio range from near
silence to higher volumes, more than is
ever available on AM radio.
When an AM transmitter sends a
signal with a large audio content, the
transmitter power increases as the percentage of modulation is increased. The
FM signal is complete as long as the
limiter and discriminator have sufficient
signal. The full range of audio output
requires no change in the transmitter
power. In 1940, General Electric engineers performed a field test to determine
the coverage of FM transmission versus
AM transmission. The test was reported
in the September 1940 issue of Radio &
Television Retailing. The test involved
two locations each with a 1 kW AM
transmitter and a 1 kW FM transmitter.
The stations were located 15 miles apart
over level terrain. Transmitter antennas
were 300 feet high and receivers’ antennas 20 feet high. The coverage area was
divided into units. Due to the capture
effect and the lack of fading in the FM
reception, the comparison between the
AM and FM areas was dramatic. The
FM transmitters from the same location
and the same power as the AM stations
had 30 times the coverage. With this difference, a 2 kW FM station could cover
the same area as a 50 kW AM station.
It was also found that two FM stations
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could be located closer together thanks
to the capture effect allowing only the
stronger station to be heard (see Fig. 19).
Armstrong and John Bose also
worked on a plan to make additional
use of the bandwidth. They demonstrated FM multiplexing. The first demonstration of multiplexing was during

the Empire State Building tests. They
used the same FM channel to send two
audio programs, one facsimile transmission, and a transmission of telegraphy,
all at the same time. This first demonstration hinted at the FM stereo and
FM subscription services to come (see
Fig. 20).

Fig. 19. Comparison of service areas for equally powered stations. (AM
and FM Radio and Television Retailing, Sept. 1940, p. 63)

Fig. 20. Breadboard multiplex tests at Empire State Building. (Columbia
University Libraries, Armstrong Collection)
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Yankee Network and FM Relays
To demonstrate the high-quality audio
of an FM signal, Armstrong had to start
with high quality audio in the studio. In
order to do this and not have to operate
a broadcast station, Armstrong received
help from his friend, John V. L. Hogan.
The audio from Hogan’s WQXR was
sent to Alpine on a high-quality line
rented from AT&T. Although Armstrong was able to pay the premium
price, he could see this would be a
problem for the broadcasters he hoped
would license his FM systems and form
networks to provide programming. A
dominant force in New England broadcast radio was the Yankee Network. The
network president, John Shepard III,
followed Armstrong’s work and became
an early proponent of FM. While Armstrong was working on the Alpine station, Shepard applied to the FCC for a
construction permit for his own experimental FM station. With the work of his
chief engineer Paul A. DeMars, a 50 kW
station was to be constructed atop Mt.
Wachussett in Princeton, MA, 40 miles
from Boston. This station would then
be linked to the other Yankee Network
stations.38
Armstrong and John Shepard soon
came to realize that with the coverage
and quality of an FM signal, a network
of stations could be connected by FM
relay stations. After some positive smallscale tests using the Alpine station and
W2AG in Yonkers, a large-scale test was
arranged. From Alpine, links were made
to Yonkers, New York City, the Yankee
Network, and others in New England.
On January 5, 1940, transmitters using
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relatively low power sent a signal into
a receiver at a member station on one
frequency, broadcast the program locally,
and relayed the signal out to the next city
on another frequency. Over a total of 825
miles, there was no significant loss of
audio quality.39 Broadcasters knew that
AT&T had a monopoly on these audio
lines between cities. The cost of setting
up the relays was a far better option
than paying monthly line rental fees.
The value of these FM links would be a
major attraction to new FM broadcasters
(see Fig. 21).
Rapid Growth
After the results of the broadcasts from
the Alpine station and the creation of an
FM relay network became known, the
radio industry, minus RCA, began to
take notice. General Electric became the
first license holder, and was conducting
their own testing. Armstrong offered a
FM license to broadcasters for $5,000,
but would give a license to educational
stations for one dollar.40 As these new
license holders began to manufacture
hardware, receivers became available at
more reasonable prices. Table 5 shows
companies that made broadcast transmitters, and Table 6 shows companies that
made broadcast receivers, as of September 25, 1940.
As licensed AM broadcasters and
new organizations wanting to start FM
stations made applications to the FCC,
construction permits were issued. The
FCC soon assigned more spectrum to
FM Broadcasting (see Fig. 22). Now
5 MHz of space was allowed, and stations were granted experimental licenses,
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which were designated with an X in the
call sign. Armstrong’s Alpine station was
assigned W2XMN.
Fig. 23 shows the number of experimental stations on the air in March
1940.41 The FCC held hearings that

resulted in the authorization of commercial FM broadcasting to begin on
January 1, 1941. The first commercial stations are listed in Table 7. An additional
44 stations had construction permits
granted.

Fig. 21. Map of early FM relay tests. (Jack Poppele Scrapbook Collection, Book FM, AWA Museum
Library)

Table 5. Companies that made broadcast
transmitters, as of September 25, 1940

Table 6. Companies that made broadcast
receivers, as of September 25, 1940
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Fig. 22. Radio frequency allocations, 40 to 129 MHz, as they were set up by the FCC, 1940 to 1946.
(M. B. Sleeper, Standard FM Handbook, 1946, p. 4)

Fig. 23. FM stations licensed and operating, and FM stations authorized for construction, March 15,
1940. (Broadcasting, Mar. 1940)

Table 7. Commercial stations
“On the Air” May 1941.

276

The AWA Review

Molnar

Conclusions
Early histories written on the development of FM radio often tell the story of
a lone inventor rescuing an abandoned
technology, fighting the established radio
industry, and inventing the FM system
we have today. It took decades of work
by many engineers and companies to
produce FM systems that had only some
small degrees of success. Although much
was learned in the process, in reality,
it took a brilliant engineer to build on
this previous work and take the risk of
pursuing an idea that went against the
common knowledge to make FM work.
The invention of wideband FM was truly
the accomplishment of Edwin Howard
Armstrong.
Edwin Howard Armstrong was a
driven inventor who saw his world in
black and white. There are many examples where he judged things as totally
right or totally wrong. Decisions he made
during decades of litigation show many
examples of this type of thinking. One
telling example occurred during his trials regarding the regeneration patent.
After winning a decision against De Forest he could have had a permanent win
of the patent. This would have meant a

compromise: Forgiving a penalty De Forest could not pay and allowing De Forest
a cross license. This compromise would
have given Armstrong final victory. His
world of black and white did not permit
a compromise and the judgment was
never finalized. Eventually De Forest
was able to reopen the case and win the
regeneration patent.42
Was it this kind of thinking that
made Armstrong believe he had to solely
develop his invention? Did it make him
come to see RCA as a rival and give him
no option but to develop FM on his own?
Regardless of why, he did what he set
out to do, from the first test of sending
a signal between two rooms, to a commercial wideband FM system that has
stood the test of time. This victory came
at a great personal and financial cost
to Armstrong. As World War II began,
work on commercial FM was halted.
After the war, the next decade would
bring more legendary chapters in the
history of FM.
In the scrapbook of Jack Poppele,
chief engineer of W71NY, the first commercial FM station, he left the encouraging note shown in Fig. 24 about his
hopes for FM.

Fig. 24. Ode to FM radio. (Jack Poppele Scrapbook Collection,
Book FM, AWA Museum Library)
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Letter to the Editor
Re: An Examination of Tesla’s Precedence in Discovering Radio by Eric
P. Wenaas, Vol. 32, 2019
Thank you for the best AWA Review ever. I always enjoy reading about the Heath
Company, but was especially captured by Wunsch’s original research documenting
the many significant yet lesser-known radio contributions that came out of Harvard.
Topping the list however was Wenaas’ much-needed examination of Tesla’s
accomplishments. I say this as an admirer of Tesla the scientist and inventor, and
as an enthusiastic builder of three of his “coils.” Nonetheless it’s always painful to
see him demeaned by his cult with one rant after another about his imagined feats,
suppressed inventions, or being the real inventor of you-name-it. This must have
been a difficult article to write because unless one’s thesis is scrupulously argued
and documented, its detractors will be ready to jump at anything. Research surely
took years, however the result is an article that will withstand the test of time, being
the definitive treatment regarding Tesla and Marconi and the invention of radio.
Best regards, Gary Gordon, Saratoga, California, July 6, 2019

Ed. Note: Gary Gordon is a retired engineer, naval officer, associate professor at San
Jose State University, Agilent Technologies Fellow, and co-founder of Cambotics, a
company pioneering robotic studio camera dollies. A more complete bio can be found at:
https://en.wikipedia.org/wiki/Gary_Babcock_Gordon.
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