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Foreword
This is the 100th anniversary of the sinking of the Titanic, as everyone with any interest in the matter, and certainly every radio hobbyist,
is aware. This volume of the AWA Review contains an invited article,
Wireless Equipment of the Titanic written by Eric Wenaas and
Parks Stephenson, both exceptionally well qualified to prepare it. Stephenson, who participated in analysing the data from several dives to the
site of the wreck by motion picture director James Cameron, published a
previous article on the findings in AWA Review volume 15. In that article
he reported differences between what was generally assumed to be the
Marconi equipment on the ship and what was subsequently found. In the
intervening 10 years, Parks has generated, with images from two more
dives to the wreck and through computer modelling, breathtaking images of the equipment as found there. Eric Wenaas, author of the recent
book Radiola, has provided marvellous images of wireless hardware
that is now known to have been on the Titanic, from specimens that
survive today. Images of some of these items have not been previously
published in recent times and by current photographic techniques. Some
of the Marconi equipment has not survived. For example, most of the
components of the 5kW marine transmitter do not exist today except
on the ocean floor.
Again we are bringing you the AWA Review without charge to the
membership. This comes as a free benefit to members—your dues are
not affected by the distribution of this journal. The AWA Review is the
AWA’s peer reviewed journal. It serves as a historical record where the
facts are verified by one or more anonymous reviewers. That gives it
some extra credibility as a source of sound reporting of history. The free
printing and distribution of this Review are again made possible by a
generous donation from a long standing AWA member who wishes to
remain anonymous. His gift is an indication that he is committed particularly to historical documentation as a key part of our hobby.
This year’s volume reflects a number of trends. One is our continuing
use of colour. Not many articles on early radio history need colour, but
those that do, manage to make excellent use of it. Another trend in the
AWA Review is the increasing participation by international authors.
This year we have authors from England, Australia, and Austria.
This year’s volume exhibits a great deal of dedication and energy on
the part if its authors. The result is a number of fine efforts, the first
described above and then the following:
•

Army Wireless Spark Stations in Austria in World War
One by Franz Pichler. The Austrian Army used quenched gap
spark stations designed by Austrian subsidiaries of German
manufacturers, and modified by Austrian Army specifications.
Dr. Pichler describes the various designs to meet the needs of the
several military services, and displays the equipment in photographs. The hardware itself is now largely destroyed.
v
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•

British Army Wavemeters in World War Two by Anthony
Davies. Prof. Davies does much more than describe wavemeters
in this article. He sets about describing their theory of operation,
and the range of applications of them. He then goes on to describe
the wavemeters in detail.

•

Father Archibald Shaw – Australia’s Wireless Pioneer
by Graeme Bartram. Here we have an account of the experiences
of Father Shaw, a churchman captivated by the early potential of
wireless technology. He rose to a position of prominence in wireless development in Australia. Along the way, he was accused of
theft of the ideas of his technical advisors, accused of misuse of
church funds, and came to an early death.

•

Martian Crystal Sets by Erich Brueschke. Radios from the Martian Company fascinated Erich by the high quality seen in most
of these simple sets. Here we find the definitive article providing
a complete index of Martian sets in a well written and superbly
photographed article.

•

De Forest vs. Marconi in 1904 by Bartolomew Lee. Lee traces
the early wireless career of Dr. Lee de Forest, much of it cited
from sources published on the American West Coast and not well
reported nationally. De Forest developed a successfully working
wireless system involving (some said stealing) Fessenden’s electrolytic detector. De Forest then promoted this as a news reporting system, and one of his early clients was the New York Times.
His reporter gave daily news of events in the Japanese naval war
with Russia in 1904, and indeed influenced the outcome of the
war in Japan’s favor.

•

Elmer T. Cunningham and the Tube Tangle by Eric Wenaas. Have you ever wondered why, when RCA was aggressively
defending its territory as the sole owner of key vacuum tube patents, that Cunningham was allowed to independently market his
tubes, and indeed to market them marked as RCA/Cunningham
tubes? Eric sifted through thousands of pages of historical tube
records, many from the George Clark files held at the Smithsonian
Institution. He turns up with very plausible explanations of these
and other early events in a systematic way that only Eric seems
able to accomplish.

•

Lessons in Emergency Communications from the Titanic
by Bartholomew Lee. Among all the articles bringing forward
aspects of the Titanic disaster this year, Bart noticed none that
quoted the actual wireless messages. Combining these with his
own experiences as an amateur emergency communicator, he
points to the lessons learned.

v
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•

The restoration of glass cathode ray tubes by James O’Neal.
James describes the history of the restoration of these expensive
tubes. It began around 1930 and reached a peak between 1050 and
1960. The business ended a couple of years ago when the market
for reconditioned tubes dried up. James then describes in some
detail the restoration process followed by Hawk-Eye, one of the
last surviving companies.

•

Letter to the Editor by Bart Lee.

Again this year our sincere thanks go to these authors for their fine
efforts. A smoothly finished article often obscures the pain that went
into writing it, not to mention the time involved.
We continue to use the services of experts in the field as peer reviewers. We believe that this process raises the overall quality of the AWA
Review. Some of our reviewers have served in this role for a number of
years now and deserve our special thanks. The reviewers for this issue are:
Erich Brueschke, Neil Friedman, John Jenkins, Russ Kleinman, Joe
Knight, Crawford MacKeand, Allan Pellnat, Franz Pichler, Ludwell Sibley,
and David Wunsch.
AWA members and others with an interest in wireless communication history are encouraged to submit manuscripts to the AWA Review.
A section titled Tips for Authors follows. We try to make the publication
effort more collaborative than challenging. The single most important
message in this regard is to contact us early if you are considering writing an article.
A cumulative index of Tables of Contents of all previous issues of the
AWA Review is maintained on the website of the AWA at http://www.
antiquewireless.org.
It is again my distinct pleasure to bring you this volume of the AWA
Review. I hope you enjoy it. I hope it stimulates you to think of new ways
in which you can contribute to this satisfying hobby. I look forward to
receiving your manuscripts for next year’s volume.
Robert P. (Bob) Murray, Ph.D.
Editor
Vancouver, BC, Canada

vii
vi
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Tips for Authors
The AWA Review welcomes any submitted article on aspects of wireless communications history. In general, shorter articles can be directed
to the AWA Journal and longer manuscripts to the AWA Review. If you
are in any doubt about where your article should best appear, please
contact the editor.
The AWA Review will accept and publish Letters to the Editor as space
permits. This will be a suitable way to submit your comments if you wish
to take issue with a recent article published here, or make other brief
comments on wireless history matters. Letters will not be peer reviewed,
but will be edited, primarily for length at the discretion of the Editor.
The Editor reserves the right to publish responses. Galleys of letters to
be published will not be returned to the author. Text is limited to 400
words and no more than 10 references.
For first time authors, articles can be prepared with the help of a
more experienced co-author, or the editor can help with the text in the
editing process. Members with an interesting story to tell should not be
discouraged by a lack of writing experience. The AWA Review will accept
manuscripts in any clearly prepared writing style. A short style manual
produced by the American Radio Relay League is available on request.
The Elements of Style by William Strunk Jr. and E.B. White is available in
most public libraries. Reference material should be cited within the text
of the article in any of the accepted reference styles. Reference lists should
include all of the sources mentioned in the text. Writers should look at
the articles in this volume or in recent previous volumes for examples.
Articles submitted to the AWA Review will be laid out on the pages in
a style made consistent within the entire publication. Therefore, please
do not arrange your illustrations on each page but rather send the text
in a file separately from the files for each illustration. This requirement
applies equally to the Journal and the Review. (see, for example, “From
the Editor” in the AWA Journal, April 2006, pages 4 & 5.) Text files
can be prepared on any word processing software, but preferably on
Microsoft Word. Please do not include idiosyncratic text styles (such as
small caps) since these will need to be stripped out when your article is
prepared for publication. Illustrations are best sent as .JPG or .TIF files
with a resolution of around 300 dpi. JPG files should be Standard (not
Progressive). Files can be submitted as e-mail attachments directed to
the editor.
Manuscripts submitted to the AWA Review will be peer reviewed. That
is, they will be forwarded to one or more AWA member(s) with expertise
in the area of the article. The reviewer’s comments will be returned to
the author(s) anonymously, so that the reviewer is comfortable with being candid in his or her response. After the reviewers’ comments have
been addressed by the author, the article will be type set in a publishing
software (currently Adobe InDesign), following which galleys will be
returned to the author. This will be the last stage at which errors can be
corrected. Normally only one set of galleys will be sent.
vii
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Articles submitted to the AWA Review should be developed in concept
not later than early January of the publication year. A first draft should
be submitted around March. The editor’s deadline for submission of
the completed volume to the printer is May 1. Articles not submitted on
this schedule will be rescheduled for the next year’s volume. For more
information contact:
Robert Murray, Ph.D., Editor
The AWA Review
#605 – 1000 Beach Avenue
Vancouver, BC V6E 4M2 Canada
rob3045@telus.net
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Pichler

AWA Review Wireless Telegraphy in the
Austrian k.u.k.Army1 The
quenched spark stations of
World War One (1914- 1918)
ABSTRACT 2012 Franz Pichler
The paper discusses
three quenched spark
stations for wireless
telegraphy which were
in use during World
War One (1914- 1918)
by the Austrian army.
The first station was
designed to provide
wireless communication for troops in alpine regions and could
be transported packed
on seven mules. The
second station provided communication
between airplanes and
the artillery on the
ground, for spotting
shots. The third station was devoted to the
war in the trenches.
All three stations were
designed in cooperation with the Austrian army and manufactured during the
time 1914 to 1917 by
Austrian companies
in Vienna. It is unfortunate that only a
few examples of these
stations have survived.
Original documents
are available however.
It is hoped that the information given in our
paper will be of interest outside of Austria.

Austrian military officials showed an interest in wireless telegraphy from the beginning.
One of the principal goals was to provide the
ships of the fleet with equipment for wireless
telegraphy and to establish stations for ship
to shore communication along the coast of the
Mediterranean. Besides the Austrian navy, the
army was also interested in supporting its divisions with means for wireless communication.
However because of different requirements,
their own specifications had to be followed.
This is reflected in the stations the Austrian
army used during the time of the First World
War, 1914 to 1918. In the early time of wireless
telegraphy the Austrian military departments
bought equipment mainly from the well known
German companies such as Telefunken and
Lorenz, both located in Berlin. Even in 1903
the Austrian army bought an improved version of the “Karrenstation” of Telefunken, a
horse wagon packed with a spark transmitter, a
coherer receiver and the necessary power supply. The antenna could be raised by a balloon

Fig 1: Telefunken Karrenstation
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or a kite but also could be mounted the Austrian k.u.k. officer Ludwig
between poles, such as designed by Leidl.

Fig.2: Balloon for raising the antenna

Fig.3: Austrian military
with the “Karrenstation”
of Telefunken and the
antenna poles of Leidl

2
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During the time of World War
One, the Austrian army was in
need of new modern equipment
for wireless telegraphy. For the
transmitters the quenched spark
gap, introduced by Telefunken in
the year 1907, came into use. For
receivers the coherer was replaced
first by the electrolytic detector of
Schloemilch and after that by different kinds of crystal detectors.
In consequence the Morse register
had to be replaced by headphones
for listening to the signals. In the
following we discuss three stations which made use of these new
developments and which were
designed and manufactured by
Austrian companies in cooperation
with the Austrian k.u.k. army. They
compare to similar stations which
were used by the German, French,
British and US military divisions.
The mobile field station “System tönende
Löschfunken”
The M 14 station 2
In April 1913 the Austrian army
ordered from the Siemens & Halske
factory in Vienna a new system for

wireless telegraphy. It was meant to
replace the existing small systems
in the alpine regions of Austria towards Italy. In addition this station
should serve for listening to foreign
stations for possible eavesdropping. The main engineering design
was done by captain August Lovrek
of the Austrian telegraph brigade.
In military terms the station got the
name M 14. One of the important
requirements of the station M 14
concerned its mobility: It should
be transportable by 7 mules and
should have a range of at least 100
km in a mountain area. In the following we give a short description
of the power supply, the transmitter and the receiver of station M 14.
The power supply of M 14
The mechanical power was
provided by a four-stroke gasoline
motor of two horse power which
could be started with a crank. The
electrical power was provided by
an AC alternator which generated 220 Volts with a frequency of
500 Hz. The field magnets of the
AC alternator got their electrical
power from a DC generator driven
on the same shaft. For reasons of

Fig 4: gasoline motor and AC alternator operating in parallel
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reliability the M 14 station had
two motors, which could be run in
parallel to provide higher power to
the transmitter.
The quenched spark
transmitter of M 14
The quenched spark transmitter
of the M 14 station was designed in
the usual way: With the telegraph
key the 220 Volts of the AC alternator was applied to the step
up transformer . The secondary
winding of the transformer provided a voltage of 8,000 to operate
the quenched spark gap, which
consisted of a number of silverplated rings of copper which were
isolated by 0.2 mm mica rings. A
condenser of capacity 20.000 cm
(22.200 pfd) 3 and the primary
of a variometer consisting of two
compensating inductance coils
dipping into each other such that
a continuous change of the tuning

frequency was achieved, completed
the oscillating circuit. The secondary part of the variometer had an
optional available extension coil
to get longer wavelengths. A hot
wire ampere-meter connected to
the antenna and a counterpoise,
completed the aerial circuit of the
M 14 transmitter.
The receiver of the M 14
station
The receiver of the M 14 station
could be operated in one of two
ways: As a primary antenna circuit
and as a secondary loosely coupled
circuit. In both cases the selection
of frequency was achieved by an
encapsulated variable condenser
and by tapped coils where a switch
allowed the choice of the right value of inductance. The wavelength
could be selected between 200
and 2,200 meters. An additional
inductance coil in the primary cir-

Fig 5: Principal circuit diagram of the M 14 station

4
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Fig 6: M 14 transmitter (right) and receiver (left)

Fig 7: Wiring diagram of the M 14 transmitter
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long-wave alternator transmitter
or from an arc-transmitter a windup ticker was available.
For its time the M 14 mobile
field station “System tönende
Löschfunken” reflected the state
of the art. Today, if we look at the
picture which shows the complete
station packed on a number of
mules and ready for climbing
mountain tracks, we realize the
progress which has been made in
our time.

Fig 8: Quenched spark gap of the M
14 transmitter

cuit mode allowed the wavelength
to be extended to 6,000 m. For
the purpose of demodulation a
point-contact crystal detector of
type ED 23 was normally used. For
improved sensitivity a “silicon detector” with a revolving crystal and
a cats whisker of thin golden wire
could be used. In case of continuous wave signals received from a

Wireless telegraphy
for aircraft communication
The transmitter g2 and
receivers AE 3 and AE 4 4,5,6
During the time of World War One
1914- 1918 aeroplanes were mainly
in use to give support to the artillery in spotting shots. In the communication between the pilot and
the ground special kinds of stations
for wireless telegraphy were used.
The Austrian k.u.k. army provided
its aero-squadron and artillery
ground stations with appropriate
stations manufactured by Siemens
& Halske Vienna. Siemens & Halske offered the following kind of
equipment:

Fig 9: M 14 station packed on mules ready to march

6
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Fig. 10: M 14 station with military personnel
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•

transmitters G and g of different power
• receivers AE 1 to AE 4, all
being crystal detector receivers of different sizes and
qualities
By current knowledge the Austrian army made use only of transmitter g in the improved version
g2. Of receivers the types AE 3 and
AE 4 were preferred. We describe
therefore in the following only
these types of transmitter and
receivers.
The aeroplane transmitter g2

•

the secondary winding of
the step up transformer,
the quenched spark gap, the
condenser and the variometer, inductively coupled to
the antenna circuit
the antenna circuit consisting of the tapped antenna
variometer (to select the
wavelength by a switch) in
connection with a trailing
antenna of 60 m length and
the counterpoise consisting
of wires spanned on top of
the aeroplane.

The transmitter g2 consisted of
the following components:
•

•

the alternator (with a DC
generator on the same shaft
to provide the electrical
power for the field magnets)
and the associated step-up
transformer
the oscillating circuit with

Fig 12: The AC alternator of the transmitter g2

Fig 11: M 14 station set up for operation

8
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Fig 15: Key of the transmitter g2

•

the key, which could be
mounted at a place convenient for the pilot to operate

The transmitter g2 had a weight
of 12 kg and, when the receivers AE
3 or AE 4 were used, the signals

Fig 13: Driving the AC alternator by
the engine of the aeroplane it might
be noted that this differs from wing
mounted/air driven systems used by
others

Fig 16: Transmitter g2 mounted in the
cockpit The lettering on the antenna
reel translates as “Don’t touch while
transmitting ”!

Fig 17: Aeroplane HANSA BRANDENBURG of the Austrian air squadron
Fig 14: The transmitter g2 with the
cover open
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reached a distance of about 40 km.
With M 14 as the receiving station
the range could be extended to
about 80 km.
The artillery receivers
AE 3 and AE 4
For the ground station the Austrian k.u.k. army had different receivers in use, all manufactured by
Siemens & Halske, Vienna. Besides
the M 14 field station the receiver
AE 3 and its slightly improved version AE 4 were the important ones.
We describe here in some detail the
receiver AE 3. AE 3 was a crystal
detector receiver which could be
operated by a primary antenna
circuit but also with an inductively coupled secondary circuit.
In both cases variable condensers
were of capacity C= 600 cm ( 666
pfd) and C= 1.200 cm ( 1.333 pfd)
respectively, together with tapped
inductance coils which allowed the
tuning of the receiver. In normal
use the wavelength of the received
signals was between 200 and 1.200
m. In addition to using the primary
circuit an additional inductance

Fig 19: Artillery receiver AE 4 open
for operation

coil allowed the wavelength to
be extended to 6,000 m. Crystal
detectors types ED 39 and ED 67
were used, and could be individually selected by a switch.

For the antenna two stranded

Fig 18: Artillery receiver
AE 4 in box

Fig 20: Artillery receiver AE 4 inner view

10
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Fig 21: Circuit diagrams of artillery receiver AE 3

Fig 22: Crystal detectors ED 39 and
ED 67

Fig 24 Umbrella-antenna for the AE
3 receiver

For the antenna two stranded
bronze wires of length 50 m were
available to construct either a Tantenna or an umbrella-antenna.

Another two wires, which had to be
spanned 0.5 m above the ground,
served as the counterpoise.

Fig 23 T-antenna for the AE 3 receiver
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Wireless Telegraphy in
the Trenches The M 17 station of the k.u.k. Army 7,8
Towards the end of World
War One the Austrian army had a
shortage in the supply of gear for
wireless telegraphy. The German
companies such as Telefunken and
Lorenz were fully overbooked by
the deliveries for the German military departments. Of special need
were stations for the trenches, the
first line of the front. In that situation the German company Lorenz
in Berlin decided to establish a
branch of their factory in Vienna
with the goal of manufacturing
wireless telegraph equipment for
the Austrian k.u.k. army. Eugen
Nesper, a successful scientist and
engineer at the Lorenz research
laboratories (later becoming a well
known author of books on wireless
and radio) got the task of taking the
leadership in founding the “Lorenz
Werke Wien”. In cooperation with
the “Telephonfabriks A.-G., vor-

mals Berliner” production started
in the early Spring of the year 1917.
The catalogue of the year 1918 offers a number of different “Klein
Radio Stationen” for military purposes. From this offering the Austrian army ordered the quenched
spark transmitter of type “S.To.2”
together with the mechanical
DC/AC converter of type “P.U.2”
and the crystal detector receiver
“E.D.11”. The resulting “Klein Radio Station” for the trenches got the
military designation M 17.
The transmitter of the
M 17 station
The M 17 transmitter consisted
of the following components:
•

the power supply provided
by a gasoline motor of one
horsepower together with
an AC alternator to generate electricity of 200 Volts
with a frequency of 500 Hz
for the step up transformer.

Fig 25: Principal diagram of the M 17 transmitter

12
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•

•

Alternatively, a mechanical
DC/AC converter, which got
its DC power from a battery
of accumulators could be
used.
the oscillating circuit consisted of the quenched spark
gap, the condenser of capacity of C= 5.000 cm ( 5.550
pfd) and a tapped variometer, its inductance to be
chosen by a switch.
the antenna circuit (loosely
coupled to the oscillating
circuit) with the variometer
for tuning, the condenser

•

for antenna coupling, and
the hot wire instrument to
control the antenna current.
the folding key mounted
at the front of the transmitter box

Fig 26: Mechanical DC/AC converter
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Fig 27: M 17 transmitter

Fig 28: The quenched spark gap of
the M 17 transmitter

14
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The receiver of the M 17
station
The receiver of the M 17 station
was constructed similarly to the
receiver of the M 14 station and the
receiver AE 3 which we described
above. Again by turning a switch it
was possible to cause the receiver
to operate either in the primary
antenna mode or in the secondary
loosely coupled mode. The wavelength could be chosen between
100 and 800 m. For the demodulation of the “Tönefunken” a galena
plug-in detector was used. By a
worm-drive the crystal-pill could
be turned to get a maximal tone
for the headphones. The Lorenz
Werke Wien recommended the use
of the detector type Z.K.F.5.

Fig 30: Crystal detector of the M 17
receiver

Fig 29: Principal diagram of the M 17 receiver
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Fig 31: M17 receiver

16
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Fig 32: Austrian military at an inspection of the M 17 station

Conclusion and Final
Remarks
This paper gave a short description of the three quenched
spark stations which were used
by the Austrian k.u.k. army during the time of World War One.
All three stations were designed
and manufactured by the Austrian
companies in cooperation with
specialists of the Austrian army.
Original documents dealing with
these stations are difficult to find
today. In the German language a
recent publication which compares
to our paper has been made available by Colonel Johann Prikowitsch, founder and curator of the
“Fernmeldesammlung” of the
“Heeresgeschichtliche Museum”
in Vienna 9. Our paper has the
goal of informing historians and
collectors in the English language
about these stations and also to

make possible a comparison with
similar US, British or French stations. Unfortunately today only
few artefacts from these stations
are available. At the end of the war
most of the existing stations were
destroyed or were taken away by
the allies. For the M 14 station no
existing example is known to exist.
Even parts of it cannot be found.
A better situation exists concerning the aircraft radio stations: The
“Fernmeldesammlung” in Vienna
is in possession of one example of
the transmitter g2. One example
of the artillery receiver AE 3 and
also one of the AE 4 receivers exist in private Austrian collections.
Two complete M 17 stations are
available and can be operated at
the “Fernmeldesammlung” of the
“Heeresgeschichtliche Museum”
in Vienna. One of these stations
was originally at the “Erstes Österreichisches Radiomuseum” in Vienna, a private museum which had
to be closed several years ago. The
Volume 25, 2012 17
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rarity of early stations of wireless
telegraphy in European countries,
here in the case of Austria, might
help to explain why in general
European historians and collectors appreciate that in the United
States such equipment can still be
found in many museums and in
private collections. As an example
we refer to the collection of the late
AWA member Larry Babcock of
Amherst, New York 10 .
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Fig 33: View of one of the rooms of the “Fernmeldesammlung” of the “Heeresgeschichtliche Museum” in Vienna
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AWA Review Wireless Equipment of the
Titanic: A Commemorative
Overview 2012 Eric P.
ABSTRACT
This article describes
the Marconi wireless
equipment used on the Titanic based on early Marconi documents, photographic evidence from the
only known photograph
of the Marconi Room,
and from video images
taken during two expeditions by James Cameron
to the wreck in 2001 and
2005. The images from
the wreck are startling in
terms of their clarity and
completeness in mapping
the Silent Room where
the transmitter apparatus
was installed. The stills
extracted from the videos
presented here provide a
comprehensive view of
what equipment was used
on the Titanic and exactly
where it was located.
Detailed 3D computergenerated models were
made of each piece of
Marconi equipment and
placed in the correct
locations according to
available evidence. Twodimensional models were
rendered to allow interpretation of the wreck
photos. We now know
that the equipment on Titanic’s sister ships Olympic and Britannic do not
represent the configuration on the Titanic.

Wenaas & Parks Stephenson

Early Marconi wireless equipment has
always been a favorite among antique radio
collectors, but the Marconi equipment used on
the R.M.S. Titanic has a special mystique of its
own—equipment that is receiving special attention this year, the centennial anniversary of
the sinking of the Titanic. For many years it has
been assumed that the wireless equipment and
its arrangement on the Titanic were essentially
the same as that on its sister ship, the Olympic.
This view was supported by a comparison of the
only known photograph of the Marconi wireless
equipment on the Titanic with photographs of
the Marconi equipment taken on the Olympic.
The unique photograph of the equipment in
the operator’s room of the Titanic, hereinafter
referred to as the Marconi Room, was taken by
passenger Father Frank Browne during a leg of
his trip between Southampton to Queenstown
(Cork), Ireland on Titanic’s maiden voyage (see
Fig. 1). Another notable photograph taken of the
Marconi equipment on the Olympic prior to its
refitting in 1913 is reproduced in Fig. 2. Photos of the Marconi Room of the Olympic taken
before the 1913 refitting can be distinguished
those taken later because the Marconi rooms
on the Olympic were moved from the port side
of the ship to the centerline during the 1913
refurbishment, which resulted in the elimination of the window in the center of the Marconi
Room evident in Fig. 2. A post-1912 photo of
the Olympic (or perhaps the Britannic) without
the window is shown in Fig. 3.
The equipment appearing in Browne’s photograph of the Titanic Marconi Room is of the
same type and roughly in the same location
as the equipment appearing in the Olympic
photographs, although the view angle of the
photo on the Titanic was really too restrictive
to generalize this conclusion to equipment on
the side walls. Since there were no photographs
of the noisy transmitter equipment in the adjacent “Silent Room” of the Titanic, and only one
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Fig 1. Most of the wireless apparatus installed in the Marconi Room of the Titanic can be seen in this uncropped version of Father Browne’s unique photo,
which unfortunately was double exposed. (Frank Browne/Bridgeman Art Library)

photograph of a few components
of the wireless transmitter equipment taken in the Silent Room of
the Olympic during installation
(principally the motor-generator
set),1 virtually nothing was known
about the location of the transmitter equipment on either ship.
Over the last decade, a new view
of the Marconi equipment and its
arrangement on the Titanic has
emerged, fittingly as an indirect
result of James Cameron’s blockbuster movie, Titanic, a fictionalized account of its sinking released
in December of 1997.2 In the course
of filming Titanic, Cameron led an
expedition to the Titanic wreckage in 1995 to gather footage for
his 1997 film, which was limited to
the exterior of the ship. He made a
second expedition to the wreckage
during a seven-week period in August-September of 2001 to gather

film for a follow-on documentary
entitled Ghosts of the Abyss, which
was released in 2003. By this time,
Cameron’s team had developed a
new mini ROV (Remotely Operated
Vehicle) with a 3D high-definition
camera capable of exploring interior rooms of the Titanic—including
the Marconi rooms. Virtually all of
the equipment in the Silent Room,
for which no photographs previously existed, was intact and could
still be identified, despite the deterioration from being submerged
in salt water for almost 100 years.
As a result of filming the Marconi
rooms during the second expedition, a new configuration for the
Marconi wireless equipment on the
Titanic emerged. It is somewhat
ironic that the set for the Marconi
Room in the film Titanic was faithfully reproduced in some detail
from early photographs of the
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Fig. 2. Historically, photographs of the original Marconi Room on the Olympic
such as this one have been used to portray the Marconi Room on the Titanic.

Olympic, but the actual configuration, which emerged after the film
was released, was substantively
different.
The relevance of the photographic expeditions and resulting
discoveries of the Marconi equipment type, location, and panel
settings on the wireless equipment
of the Titanic extend well beyond
cinematographic applications, and
certainly beyond satisfying the
curiosity of Marconi adherents,
many of whom have wondered
whether the Marconi equipment
on the Olympic actually mimicked
the equipment on the Titanic. (That
has now been settled once and for
all.) Beyond these laudable goals,
the efforts have provided valuable
insights into exactly what equipment was used by Marconi on the
large transatlantic steamers of the
day. They have also provided valuable information on the activities of

the Marconi operators and condition of equipment on the Titanic in
the last minutes before the Titanic
sank—the final settings of controls
and switches on the transmitter,
the time at which power may have
been lost, the time at which operators left their post, etc. Finally,
comparisons of photographs obtained on expeditions in the early
2000’s with photographs from
expeditions in the 1980’s when the
wreck was first discovered document the rapid deterioration of the
Titanic wreck in general and the
wireless equipment in particular. If
any of the unique Marconi equipment is to be salvaged for historical
purposes, it must be done sooner
rather than later.
The objective of this article is to
describe the wireless equipment on
the Titanic, summarize how a new
configuration of this equipment
emerged as a result of videos from
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Fig. 3. The Marconi Room in this unidentified photo of either the Olympic after
the 1913 refurbishment or perhaps the Britannic can be distinguished from
earlier photographs by the absence of the window over the operator’s desk.

Cameron’s photographic expeditions, and note significant differences between the Titanic and
Olympic configurations. The main
body of the article is divided into
four parts, the first describing the
layout and location of the so-called
“Twin-T” aerial in relation to the
ship and the three Marconi rooms
on both the Titanic and Olympic.
The second part describes the
equipment appearing in the only
known photograph of the Titanic
wireless equipment taken by Father Browne in the Marconi Room
where the operators transmitted
and received messages. The third
part describes the equipment in
the Silent Room of the Titanic,
now known to contain essentially
the entire 5-kW transmitter set.
It should be noted that unlike the
Olympic, the dual panel switchboard, motor-generator field controls, tuning lamp and Earth Spark
Arresters used in the 5-kW transmitter apparatus on the Titanic
were located in the Silent Room.

The description of transmitter apparatus is taken from contemporaneous documents, most notably
the 2nd edition of Hawkhead and
Dowsett.3
The fourth section contains
selected images of the Marconi
rooms taken during expeditions to
the Titanic wreckage in 2001 and
2005 that surprised observers with
the location of certain transmitter
components. Selected photographs
presented here have been matched
with computer-generated models
of the original equipment—something in the vein of “before and
after” comparisons. Results of 3D
computer-generated (CG) models
are presented to show the most
likely configuration of Marconi apparatus in the Marconi Room and
Silent Room of the Titanic based
on the most recent photographic
evidence.
TWIN-T AERIAL
The aerial, while not central
to the story here, was an impor-
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tant part of the Marconi wireless system, and its description
provides background for certain
components of the aerial circuit
found in the Marconi rooms. The
locations and dimensions of the
Marconi rooms are important in
the construction of CG models of
the Marconi equipment. The location and dimensions of the aerials
and the Marconi rooms of both
the Titanic and Olympic were well
documented in the ship plans of
Harland and Wolff of Belfast, the
builder of both ships. Rigging and
deck diagrams based on original
Harland & Wolff plans were used
to determine locations and estimate dimensions of both the aerial
and the Marconi rooms.
The Marconi Rooms. The
three Marconi rooms on the Titanic were located on the centerline of
the Officers’ Quarters deckhouse
on the Boat Deck between the first
and second funnel (smokestack) as
shown in the forward portion of
the Boat Deck plans reproduced
in Fig. 4. There were three rooms
in the Marconi suite consisting of
the Marconi Room in the center,
the Silent Room to the port side

housing the noisy rotary spark
discharger and other transmitter
equipment, and the Bedroom to
the starboard side. None of the
rooms had a porthole, but natural
light was available in the Marconi
Room by means of an overhead
skylight. The Wheel House was
accessible by a corridor that ran
the length of the Officers’ Quarters
deckhouse on the port side, but
there was no dedicated telephone
line connecting the Wheel House
with the Marconi Room.
The three Marconi rooms on
the Olympic were located in the
same general vicinity as those on
the Titanic, but they were originally located on the port side of
the Officers’ Quarters deckhouse
rather than on the centerline. The
Marconi Room in this location had
a porthole allowing light into the
room. As part of a retrofit of the
Olympic during late 1912 and early
1913, the Officers’ Quarters deckhouse was redesigned to allow for
more first class staterooms in the
superstructure area. As a part of
this redesign, the Marconi rooms
on the Olympic were moved to the
same location with the same con-

Fig. 4. The three Marconi rooms shown in red—Silent Room (S), Marconi Room
(M) and Bedroom (B), were located between the first and second funnel in the
Officers’ Quarters deckhouse on the centerline of the Boat Deck, the forward
portion of which is shown here. (Adapted from Harland & Wolff deck plans)
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figuration as those on the Titanic.
As an aside, passengers on the
Titanic were generally not allowed
to visit the Marconi Room where
the operators were hard at work.
Telegraph messages were received
in the Enquiry Office on C Deck
(or perhaps by messenger for first
class passengers) and transmitted
to and from the Marconi Room via
two pneumatic tubes that appear
on the right side of Figs. 1, 2 and 3.
An amusing story told later in life
by Father Frank Browne explains
how he was able to gain access to
the Marconi Room for his famous
photograph during his short twoday voyage on the Titanic from
Southampton to Queenstown
(Cork), Ireland:4
“The story goes that during his
voyage on the Titanic, Frank was
befriended by an American millionaire couple who were seated
at the same table in the liner’s first
class dining room. After one of the
meals they invited him down to
the Marconi-room. They had him
send a message to his Superior in
Dublin, called the ‘Provincial’ of
the Jesuits, asking permission to
remain on board for the remainder of the voyage to New York.
The American couple would pay
his way.
“The message was duly sent
and a cabled replay was awaiting
Frank Browne when he arrived in
Cork Harbour. It consisted of five
words: GET OFF THAT SHIP –
PROVINCIAL.”
No doubt that if he had stayed
aboard, there would have been no
photographic record of the first
two legs of Titanic’s maiden voyage
nor the wireless equipment in the
Marconi Room.
Twin-T Aerial. The aerial
design used on both the Titanic
and Olympic characterized as a
Twin-T consisted of an array of
four horizontal wires fed by four

vertical “lead-in” wires connecting
the midpoints of the four-wire array to the transmitter in the Marconi Room through a penetration
point in the top deck above the
room. The T-antenna was used to
great advantage on ships where
the vertical height was limited for
practical reasons to a height substantively less than one-quarter
wavelength of the radiated signals.
When the horizontal wires on both
sides of the vertical lead-in wire
are electrically short and equal in
length, the currents flowing on the
wires on opposite sides of the feed
point are equal and opposite, and
by symmetry, fields radiated from
the two sides cancel in the far-field
of the aerial. Therefore, only the
vertical lead-in wires contribute
significantly to the radiated signals
reaching the receiver. Thus, the
term “lead-in” used by Marconi
for the vertical wire on the Titanic
is something of a misnomer since
it is actually the main radiating
element.
That the radiation reaching the
receiving station is confined to the
lead-in wires—as opposed to the
main aerial array—seems counterintuitive, and so one might ask
what purpose the horizontal wires
served. The horizontal wires provided a capacitive load to the top
of the antenna, which increased the
current flow in the lead-in wires
and, in turn, the radiated field
strength by a factor of three to four.
The Titanic aerial can be thought
of as a capacitively loaded vertical
monopole, which has an omnidirectional radiation pattern in the
horizontal plane with modest gain,
and little if any radiation in the
vertical direction. The radiation
pattern from a monopole, which
looks something like a doughnut
or bagel, is highly desirable for a
ship communicating with ground
stations or other ships that may be
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located in virtually any direction in
the horizontal plane.
It is difficult to see the aerial
detail in panoramic photographs of
the Titanic because the diameters
of the wires were so small relative
to the size of the ship. However,
the detail is quite evident in the
color painting of Fig. 5 by Ken
Marschall, a well-known artist
who has a penchant for accuracy
and detail in his paintings of the
Titanic. The aerial is suspended
from the fore and aft masts located
600 feet apart, but the conducting
aerial wires are only 415 feet in
length. The remainder of the span
is occupied by approximately 45
feet of insulating devices and 140
feet of tarred hemp rope. The leadin wires attach to the midpoint of
the conducting wires, which are
located just forward of the second
funnel. The Marconi rooms are
located on the Boat Deck at the
point where the lead-in wires meet
the superstructure.
One can easily see the in-line
strop insulators in the painting
between the third and fourth
stacks used to insulate the horizontal aerial wires from the rope
spans; each is about five feet long.
A triangular bridle with a 20-foot
wood spreader is visible at the top
of the forward mast where four
additional strop insulators isolated
the wires from the spreader in the
bridle. There is a second bridle attached to the aft mast not visible
here; each bridle occupied approximately 15 feet of the 600-foot span.
The low point of the catenary
(i.e., sag) for the two outer wires
was approximately 24 feet as compared to 14 feet for the two inner
wires. Aerial wire and rope lengths
presented here were scaled from
rigging diagrams in which the two
different catenaries were ignored;
consequently the dimensions
given here are only approximate.

Four vertical lead-in wires were
attached to the four horizontal
aerial wires at the center point,
extending downward and joining
together at a single entry point into
the Marconi Silent Room through
the cabin overhead using a device
unique to Marconi sets known as
a Bradfield Leading-in insulator.
The four lead-in wires, each with a
length of approximately 120 feet or
36 meters, were canted at an angle
of approximately 20° off vertical.
The lead-in wires being only 36
meters in length were electrically
short for both 300- and 600-meter transmissions—the two wavelengths used by the Titanic. For the
center-fed T-aerial, the pertinent
element length for determining
the resonance of the horizontal elements is half the total length—not
the entire length. The lengths of
the horizontal wires on either side
of the lead-in connections were
212 feet or 63 meters, a dimension
that is also electrically short for
600-meters transmissions.
Although the Titanic aerial was
electrically short for 600-meter
transmissions, it could be made
to resonate by cancelling its high
capacitive reactance with a series
inductive loading coil at the base
of the aerial. Indeed, the Titanic
aerial circuit included an inductive
loading coil in the Silent Room
that could be adjusted to make
the aerial resonate at different
frequencies.
Shortening the aerial was said
to obviate the need to place a
capacitor across a portion of the
jigger secondary inductance for
600-meter transmissions, something that would have decreased
its radiation efficiency. The exact
length to which the aerial was
shortened was not critical, and
in fact its length was determined
principally by constraints imposed
by its proximity to the funnels.
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Fig. 5. This painting of Titanic with its tender, Nomadic, loading passengers
in the evening of April 10, 1912 at Cherbourg captures the detail of the aerial.
(Painting by Ken Marschall)

The horizontal wire lengths could
not have been cut much longer
without the lead-in wires coming
precipitously close to the second
funnel—which, by virtue of being a

ground plane, would have caused
a severe perturbation in the radiation pattern, or even worse, an arc
from the aerial to the funnel.
It was also said that a short
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wave condenser was needed across
a portion of the jigger secondary
inductance to make the antenna
resonate at 300 meters. While this
may have been true in general,
photographic evidence from the
Titanic wreck shows that there was
no short wave condenser onboard.
Marconi documents state that
while short wave condensers were
needed on most ships, they were
not needed on all ships. It is likely
that the Titanic was one of them.
Antenna Components – The
Bradfield Leading-In Insulator.
The various wires, ropes, insulators and spacers that make up the
Titanic aerial are for the most part
unremarkable; details of these
components are well reported in
Hawkhead and Dowsett. However,
the Bradfield Leading-In Insulator
used to insulate the aerial from the
steel structure of the ship is unique
to Marconi systems and is worthy
of note. It represents the interface
between the aerial system external
to the Marconi rooms and the wireless equipment contained within
the rooms themselves.
There were various forms of
this insulator depending on the
antenna voltage and penetration
location. Common to all Bradfield
insulators was a steel rod, threaded
on both ends, passing through a
long ebonite insulator with a most
distinctive zinc rain cone fitted
over the steel rod (see Fig. 6). A
C-shaped iron shackle was placed
over the top of the rain cone, and
both were held in place with lock
nuts. The shackle had a hole in the
top through which the antenna
wires were passed before being attached to the threaded rod by the
lock bolts. Many of the Bradfield
insulators had one or more ebonite
anti-spark discs such as the example shown in the figure with three
discs. The Bradfield insulator was
held in place by a circular stuffing

box (not shown in the photograph)
bolted to the deck with a circular
hole in the center through which
the insulated shaft passed into the
Marconi Room below. Asbestos
packing rings around the shaft
within the box sealed the penetration from the weather.
Archival photographs of Titanic reveal the Bradfield Insulator on the Titanic was elevated
on a wooden trunk with a square
cross-section and a height of approximately six feet to keep it
clear of a canvas awning that was
part of the design for the roof of
the Officers’ Quarters. There were
no ebonite sparking discs on the
visible portion of the insulator

Fig. 6. This example of a Bradfield
Leading-In Insulator with three ebonite
anti-spark discs has a rain cone at the
top common to all variants. (Science
Museum/SSPL)
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shaft; either the discs were located
inside the wooden trunk, or more
likely, they were eliminated altogether since the trunk would have
protected the insulator shaft from
the weather and spray. The brass
terminal socket on the lower end of
the insulator rod inside the Silent
Room secured the wire connection
to the Aerial Tuning Inductance
as well as to the two plug sockets
mounted on the aft bulkhead of
the Silent Room. The plug sockets
were located within easy reach
of the operator so that he could
switch the aerial from the earth
arrester to the induction coil in the
emergency set.
A vestige of the Bradford insulator is evident in the photograph
of the deck area above the Silent
Room of Fig. 7 taken by the Woods
Hole expedition in 1985 when the
wreck was first discovered. The

square image with a tube in the
center of the square highlighted
by the arrow is believed to be the
lower portion of the Bradfield
insulator. The square image may
be the remains of caulking used to
seal the interface between the deck
and the vertical wood trunk. The
tubular portion of the insulator
with the rain cone missing appears
to be canted at an angle.
WIRELESS EQUIPMENT OF
THE MARCONI ROOM
Most of what is known about
the type and location of wireless
equipment in the Marconi Room
comes from the single Browne
photo of Fig. 1. The apparatus that
can be identified or deduced with
certainty from this photograph are
as follows: the complete Primary
Receiving Apparatus except for
the Earth Arrester, the complete

Fig. 7. A view of the deck just above the Marconi rooms taken during the Woods
Hole expedition when the Titanic was discovered in 1985 reveals a vestige of
the Bradfield Leading-In Insulator above the Silent Room highlighted by the
arrow; note the skylight in the adjacent Marconi Room in the upper portion of
the photograph. (Woods Hole Oceanographic Institution)
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Backup Valve Receiver including
batteries for the valves and Charging Switchboard, the Plain Aerial
Emergency Transmitting Set except for the batteries and Earth
Arrester, the Manipulating and
Double Magnetic Relay Keys used
with both the primary and emergency transmitting sets, and the
Motor Starter Control for the motor used in the 5-kW transmitter.
In addition to the Browne photograph, there is now convincing
photographic evidence from the
wreck that bears on what is not in
the Marconi Room—rather than
what is. Conclusive photographic
evidence will be presented later
that the following components
thought to be in the Marconi
Room based on photographs from
the Olympic were, in fact, found
the in the Silent Room of the Titanic: Dual Panel Switchboard,
Field Regulators for the motor
and generator, Tuning Lamp, and
Earth Arrestors. The absence of
this equipment would not have
been evident in the Browne photo
because the field of view did not
include the area to the right of
the operators desk where most of
this apparatus would have been
mounted on the wall. In the end,
virtually all the equipment that was
in the Marconi Room can located
in the Browne photograph.
The equipment found in the
Marconi Room is described in
the following paragraphs according to the four major subsystems
constituting the 5-Kw set installed
on the Titanic. Headings in the
text describing components in
each subsystem are color-coded
as follows so that the reader can
easily determine to which subsystem each component belongs:
Primary Receiving Apparatus,
Backup Valve Receiver, Plain
Aerial Emergency Transmitting Set, and Primary Trans-

mitter Apparatus. The only
two components in the Marconi
Room belonging to the Primary
Transmitter Apparatus are the
Manipulating and Relay Keys and
the Motor Starter. The manipulating key is actually part of the
Emergency Transmitter as well,
but will be described only once in
the last section.
Primary Receiving Apparatus. The primary receiving apparatus used with the Marconi 5-kW
set was virtually identical to that
used with the 1½-kW set, which
was described in some detail by
Hawkhead and Dowsett. The basic
components in this subsystem are
identified in the interconnection
diagram of Fig. 8 as follows: Multiple Tuner, Magnetic Detector,
Telephone Condenser, Telephones,
and Earth Arrester.5 The Magnetic
Detector is evident in the Browne
photograph of Fig. 1 where it is attached to the wall just to the right
of the head of Marconi operator
Harold Bride. The low-impedance
telephone headset is also apparent
on the head of the operator. The
Multiple Tuner, although hidden
behind the operator, is situated on
the table in front of the operator
in close proximity to the Magnetic
Detector—as it was on the Olympic
and most if not all other Marconi
stations of the day.
Not evident are the Telephone
Condenser used in conjunction
with the telephone (earphones)
and the Earth Arrester. The telephone condenser on the Olympic
before refitting was mounted on
the wall just to the lower left of the
Magnetic Detector in the photo of
Fig. 2, and in the photo of Fig. 3 it
was sitting on, or mounted to the
table, again just to the lower left of
the detector. The condenser was
almost certainly located in one of
these two positions on the Titanic,
hidden by the left elbow of the opVolume 25, 2012 31

AWA Review 2012.indb 31

19/06/2012 6:40:00 PM

Wireless Equipment of the Titanic

Fig. 8. Five major components of the primary receiving equipment are identified in this connection diagram: Multiple Tuner, Magnetic Detector, Telephone
Condenser, Telephones, and Earth Arrester. (Adapted from Hawkhead and
Dowsett, 2nd ed., p. 190)

erator in the Browne photograph.
The Earth Arrester, which was
attached to the wall just above the
head of the operator in Fig. 2 on the
Olympic, is not evident anywhere
in the Browne photograph. It will
show up later in a photograph
taken in the Silent Room on the
wreck.
Multiple Tuner. The Multiple
Tuner shown in Fig. 9 was Marconi’s solution to the problem of
distinguishing between signals
of different wavelengths from
multiple transmitters. In 1907,
Marconi received a patent for this
instrument, which introduced
new concepts including the tuned
circuit, the variable capacitor, and
the variocoupler—a coil mounted
on a shaft and placed in the throat
of a second coil such that the coupling between the two coils can
be changed by rotating the shaft.
The Multiple Tuner contains three
separate tuned circuits: the aerial
circuit, the detector circuit, and an

intermediate circuit used to couple
the two together.6 There were no
hard-wire connections between the
three circuits; instead they were
inductively coupled to enhance
selectivity.
Tuning of all three circuits was
accomplished by a combination of
variable and switched capacitors,
fixed and tapped inductance coils
with switches, and/or variocouplers. The three disc condensers,
one for each circuit, dominate the
top of the panel, while three inductance coils, again one for each
circuit, dominate the interior (see
Fig. 10). The two variocouplers
are located at the lower ends of
the two coils on the right, both of
which are ganged on a single shaft
extending to the exterior of the
cabinet to the right where the knob
is located. The variocouplers and
capacitors can be used to fine-tune
wavelength and selectivity. The coil
in the lower left of the figure is a
high-inductance coil, which con-
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nects the aerial to ground at low
frequencies to prevent electrostatic
charge buildup on the large aerial
array.
Four ranges of wavelength
could be selected with the fourposition ganged switch on the right
side of the front panel: 80–150 m,
150–1600 m, 1600–2000 m, and
2000–2600 m. The tuning switch
on the left was used to adjust the
inductance in the antenna circuit
while receiving. The switch on the
top right portion of the panel could
be set to the “stand-bi” position
for receiving over a wide range of
wavelengths, or to the “tune” position where a signal of a specific
wavelength could be received. In
the stand-bi position, the Magnetic Detector was switched into
the aerial circuit to achieve higher
sensitivity at the expense of selectivity, while in the “tune” position, the Magnetic Detector was
switched into the detector circuit,
thereby enhancing selectivity at
the expense of sensitivity. On the
right end of the cabinet is another
tuning handle labeled “intensifier”
which is connected by a common
shaft to the two variocouplers used
in the intermediate and detector
circuits to control the relative degree of coupling among the tuning
circuits. The binding post on the
left rear corner is for the aerial, the
two in the center rear are for the
Magnetic Detector, and the one on
the right rear corner is for an earth
connection.
The device immediately in
front the of disc condenser shown
in Fig. 11 appears to be a large
binding post, but it is actually a
Micrometer Spark Gap designed
to shunt large currents delivered
to the aerial during transmission,
thus obviating the need for switching the Multiple Tuner out of the
circuit during transmissions. This
example of the Multiple Tuner has

mounting cleats on the base that
would have been used on a ship to
secure the tuner to a wall or table.
Magnetic Detector. The Magnetic Detector shown in Fig. 12
with its protective lid in the background was affectionately known
to operators as the “Maggie.” It
replaced the inefficient and temperamental coherer in Marconi
systems circa 1902, where it endured for almost two decades. The
instrument, although not quite as
sensitive as a crystal detector or
vacuum tube at wavelengths of 300
and 600 meters, was highly reliable and required no batteries. The
only active mechanism consisted
of a continuous band of stranded
soft iron wire rotating around two
ebonite discs grooved on the circumference, which was driven by
a windup clockwork.
The core of the Magnetic Detector consisted of two duplicate
pairs of coils, one on either side
of the top panel, through which
the moving iron wire passes at a
rate of about 1.6 meters per minute. Two permanent horseshoe
magnets were placed on a wood
platform situated on either side of
the instrument to fix them in a position over the coils in two possible
configurations—one in which the
magnets were symmetric as shown
in the figure (equal and opposite
poles on either side of the coils)
and one in which the magnets
were asymmetric. The symmetric
configuration was more sensitive
but produced a hiss that some
operators found objectionable,
while other operators found it reassured them that the instrument
was operating. The asymmetric
configuration without a hiss was
believed by some operators to be
easier to understand.
The theory of operation of this
device is beyond the scope of this
article. Suffice it to say that when
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Fig. 9. The top panel of the Multiple Tuner is dominated by three variable disc condensers, one used in each of the three tuned circuits. (Courtesy of John Jenkins, www.sparkmuseum.com)
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Fig. 10. The interior of the Multiple Tuner is dominated by the three large coils, one used in each of the three tuned circuits; the smaller
coil at the lower left was used to prevent static buildup on the antenna by slowing draining charge. (Courtesy of John Jenkins, www.
sparkmuseum.com)
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Fig 11. A Micrometer Spark Gap to
protect the Multiple Tuner circuits
from large transients was mounted
on the top panel in front of the disc
condenser; cleats affixed to the base
of the cabinet were used to secure
the Multiple Tuner on shipboard installations.

a high-frequency radio signal is
applied to the primary coil consisting of copper wire wound about a
glass tube for a distance of about
2 cm (see Fig. 13), a low-frequency
signal is produced by the moving
iron wire in the secondary coil,
which is wound on an ebonite
bobbin situated over the primary
coil. This signal is detected with a
pair of low-impedance headphones
selected to match the 140-ohm
impedance of the secondary coil,
thereby maximizing the transfer
signal to the telephone set.
The Marconi telephone sets
were generally wired in series, and
so the impedance each earpiece
was equal to half the total of the
set, 70 ohms each in this case. An
example of a Marconi standard
low-impedance telephone set is reproduced in Fig. 14 from a Marconi
catalog. This particular set was said
to have an impedance of 150 ohms.
Operation of the detector was
quite simple because the only
adjustment was the tension in the

wire, which was controlled by the
circular brass knob that extended
over the end of the top panel to the
far right of the photograph. The
only other possible adjustment
was a one-time positioning of the
magnets by each operator to the
desired position—either symmetric
or asymmetric. Aerial and earth
wires from the Multiple Tuner
were attached to the two outer
terminals on the Maggie marked
“A” and “E,” and a telephone set
was connected to the two center
terminals marked “T.” Only one
side of the detector was used at any
one time on the Titanic, although
the two sides could be wired in
series to enhance performance at
long wavelengths. The second side
was generally used as a backup in
case one of the coils failed.
The operator did have to remember to wind the clockwork
spring with the T-handle shown at
the left in the photograph, something that was apparently easy to
forget. Details of the clockwork
mechanism are shown in the photo
of Fig. 15. The small circular handle
on the left was used to raise a bar
that interfered with the circular
motion of the paddle wheel just to
the right of the mainspring, thus
stopping the clockwork when the
Maggie was not in use. The mechanism was designed to be very quiet
and indeed it can hardly be heard.
The mainspring rarely broke, at
least in the period before the Titanic sank, but sometime after 1912, a
handle was added to one of the circular wheels for manual operation
in the event the mainspring broke
and no backup was available.7 Introduction of the handle may have
been prompted by the decrease in
the mean time between failures
(as measured by the calendar),
which must have occurred after
the Titanic tragedy as a result the
new regulations requiring 24-hour

36 AWA Review
AWA Review 2012.indb 36

19/06/2012 6:40:04 PM

Wenaas & Stephenson

Fig. 12. The Marconi Magnetic Detector shown here with its protective cover
was used in Marconi systems from 1902 to 1918.
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Fig. 13. A close-up view of the Magnetic Detector reveals a primary coil wound
around a glass tube connected to the radio frequency signal, and a secondary
coil wound around a bobbin connected to the telephone set; the moving iron
band passes through the center of both coils.

wireless operation. The introduction of the white handle also made
it much easier for the operator to
see that the discs were turning. In
any event, there was no handle on
the disc of the Maggie used on the
Titanic or Olympic.
Telephone Condenser. A condenser across the telephone terminals was generally found to

sharpen the tone and improve
reception. Because the exact value
of capacity producing optimum
results varied between and among
receivers and telephones, a Telephone Condenser with an approximate range of capacities from .05
to .35 mF in .05 mF increments was
developed (see Fig. 16). This was
accomplished with three separate
capacitors consisting of
varying amounts of tinfoil
separated by mica, fixed in
paraffin wax, and enclosed
in a teak box with an ebonite panel at the top.
Several brass blocks
mounted on the ebonite
top were used to enable
the operator to vary the
capacity by selecting various combinations of the
Fig. 14. A Marconi low-impedance telephone three fixed capacitors. The
headset similar to this one was used with the three fixed capacitors used
Magnetic Detector. (Marconi Receiver and In- in this device had capacistrumentation Catalog, p. 42)
ties of 0.055 mF, 0.11 mF,
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Fig. 15. The clockwork mechanism used on the Magnetic Detector needed to
be wound regularly to ensure that the iron wire continued to rotate.

and 0.22 mF, which were represented by the numbers 50, 100,
and 200 respectively stamped
into the three brass blocks located
to the left rear of the top. These
numbers represented the approximate capacities of each in units
of nanofarads. Each one of these
blocks on the left was attached to

Fig. 16. The Marconi Telephone Condenser was used in conjunction with
the telephone sets to sharpen the tone
and improve reception. (Fons Vanden
Berghen collection)

Fig. 17. The Earth Arrester was used
to protect both the receiving and transmitting equipment from large electrical
transients caused by lightning, static
discharges and large signals from the
transmitter. (Hawkhead and Dowsett,
2nd ed. p. 171.)
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Fig. 18. The Valve Receiver shown here without Fleming valves was used as the
backup receiver on the Titanic and Olympic. (Science and Society/SuperStock)

the external circuit via the binding post on the long block to the
right of the figure by inserting a
pin with a flat black handle in the
hole between the blocks on the left
and the long block. Two wires are
used to connect the two binding
posts on the telephone condenser

to the two telephone terminals on
the Maggie. The telephones themselves were connected either to the
binding posts on the telephone
condenser or to the terminals on
the Maggie.
Earth Arrester. The Earth Arrester pictured in Fig. 17 was used
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Fig. 19. The interior of the Valve Tuner is dominated by three inductance coils,
one for each of the three tuning circuits; two of the coils have variocouplers
situated in one end.

in the aerial circuit of the receiver
to protect it from large electrical
transients produced by lightning,
static discharges and transmitter
signals. This device consisted of
two circular brass plates separated
by a distance of one-hundredth of
an inch by means of a mica disk.
The arrester was designed to arc
near the edge of the upper disk but

away from the edge of mica so that
the mica would not be damaged. A
groove was cut in both disks at the
edge of the mica disk to reduce the
local electric field strength, thereby
preventing discharges there.
There were four connectors
bolted to the top plate to accept wires from the circuit to be
protected, and four connectors
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connected to the bottom plate to
accept ground wires, which shunt
discharges to earth when they occurred. The earth arrester on the
aerial wire leading to the Multiple
Tuner used only four of the eight
available terminals. The antenna
lead was attached to a connector
on the upper plate and the protected lead to the Multiple Tuner
was attached to a connector on the
opposite side of the upper plate.
Likewise, a ground wire attached
to the ship was attached to a connector on the lower plate while the
ground lead to the protected equipment was attached to a connector
on the opposite of the lower plate.
Backup Valve Receiver.
The backup receiver used in the
Marconi 5-kW set was identical to
that used in the 1½-kW set, both
of which are described in detail
by Hawkhead and Dowsett. The
authors provided a schematic for
the receiver itself, but not a connection diagram for the Charging
Switchboard and batteries. For
discussion purposes, the backup
receiver can been conveniently
divided into the following components: Valve Receiver, Fleming
Valves, Telephones, accumulator
Battery Box with accumulator batteries, and Charging Switchboard
used to charge the accumulators.
The Valve Receiver is present
in the lower left corner of Father
Browne’s photograph of the Marconi Room on the Titanic. Two
battery boxes are also evident on
the shelf on the back wall in the
upper left of the photograph. The
Charging Switchboard with its current limiting light bulbs is clearly
evident on the wall to the left. An
image of the Switchboard presented below can be compared to the
left side of the Browne photograph
to confirm its presence there.
Valve Receiver. The valve
receiver shown in Fig. 18 without

the Fleming valves served the same
function as the combination of the
Multiple Tuner and Magnetic Detector. Unlike the Multiple Tuner
with a four-step switch to cover
four frequency ranges, the Valve
Detector used on the Titanic had
only one frequency range covering
250 to 750 meters. Marconi did
make another version of this set for
intermediate wave transmissions
that covered the range from 600 to
1,600 meters.8 The tuning circuits
and associated functionality were
essentially identical to those of the
Multiple Tuner. There were three
separate tuned circuits—antenna,
intermediate and detector. The
variable condensers for the antenna and intermediate circuits were
identical in appearance to those on
the Multiple Tuner. A sliding condenser appearing at the forward
right corner of the top panel was
used in the detector circuit. The
switch to control the inductance in
the antenna circuit was on the left
of the front panel, and the knob on
the right side of the instrument was
used to adjust the ganged variocouplers. The “stand bi” and “tune”
switch and the spark protection
device appear at the forward left
corner of the top panel.
The interior of this set appearing in Fig. 19 looks very much
like the interior of the Multiple
Tuner with a tapped coil attached
to a switch for varying inductance
in the antenna circuit, and two
tuning coils, both of which have
variocouplers situated in one end.
The small coil at the middle left is
the high-inductance coil designed
to drain static charge off the array.
Vacuum Tubes. The valve receiver was fitted with two four-volt
Fleming valves, one of which was a
backup that could be selected by a
switch on the right rear of the top
panel partially hidden by the large
variable condenser. These valves
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were designed with a cylindrical plate that made a connection
to the external circuit through a
penetration in the side of the glass
envelope. The plate lead from the
sidewall was connected to a tall
“valve pillar” made of ebonite
located on the top panel near the
tube sockets.
The valves used in 1912 at the
time the Titanic was fitted with
wireless equipment were taller
than later valves, and were designed with a cylindrical plate that
was open at the top. Because of the
open plate, the performance of the
valve was degraded when charge
accumulated on the exterior of the
glass envelope as a result of nearby

Fig. 20. The tall Fleming valve with a
bayonet base was wrapped in copper
gauze attached to the plate circuit to
prevent disruptions caused by the
nearby discharges. (Science Museum/
SSPL)

discharges. To prevent charge from
building up on the exterior, fine
copper gauze was wrapped around
the tube, which was then connected to the plate wire extending
through the side of the tube (see
Fig. 20). Tall tubes with gauze are
apparent on the receiver in the
Browne photo of Fig.1 as well as in
photos of the receiver used on the
Olympic. Later, a shorter tube type
was designed with a plate that fully
enclosed the emitting filament to
make it insensitive to discharges
external to the tube (see Fig. 21).
This shorter tube without gauze
appears in later photographs of the
valve receiver.9
Telephone Set. The valve receiver with its high-impedance
Fleming valve required either
high-impedance telephone sets
such as the standard Marconi set
with 8,000 ohms shown in Fig. 22,
or the low-impedance telephones
used with the Magnetic Detector

Fig. 21. The shorter Fleming valve
contained a circular plate in which
triangular notches were cut and bent
over to close off the top, thus obviating
the need for wrapping the exterior with
fine copper gauze. (Science Museum/
SSPL)
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Fig. 22. The standard high-impedance telephone sets used by Marconi may or
may not have been used with the Valve Receiver.

in conjunction with a telephone
transformer. There is no evidence
of telephone transformers in either
the Titanic photo or photos of the
original Olympic configuration.
However, clearly there is a telephone transformer just below the
clock in the post-1912 photo shown
in Fig. 3.
So, were high impedance telephones used on both the Titanic
and Olympic with the Valve Receiver? Not necessarily. In 1912,
Fleming had stated that much better results were be obtained by the
use of low resistance telephones of
about 100 ohms when connected
to the secondary or high resistance
winding of a 10-inch spark coil,
whose secondary winding can be
connected into this circuit in place
of the high resistance telephones
at the terminals marked for telephones.10 Indeed, Hawkhead and
Dowsett stated in the 1915 edition
of his book: “At one time the windings of an ordinary 10” induction
coil were used for this purpose, but
a special telephone transformer
occupying much less space and
weighing considerably less is
now employed.”11 In the February
1912 issue of Modern Electrics—at
the very time the wireless equipment was being installed on the
Titanic—the editor stated: “Infor-

mation concerning the telephone
transformer is not available at
this writing, but Fleming is responsible for the statement that
a ten inch spark induction coil is
used.”12 Thus, it is certainly possible, even likely, that the 10-inch
induction coil used in the emergency transmitter on both the Olympic
and Titanic was also initially used
as a telephone transformer with
the low-impedance telephone set
for the Valve Receiver—replaced
later on the Olympic with a smaller
telephone transformer during its
refurbishment in late 1912.
Battery Box and Batteries.
Two battery boxes with accumulator batteries were supplied with
the valve receiver for lighting the
filaments. One box of batteries
could be used for operating the
receiver while the second was
being recharged. Each battery
consists of three two-volt cells
permanently connected together
to produce six volts. The batteries
had a 40 ampere-hour capacity
at the normal charging current of
2.5 amperes. The batteries fit into
a teak wood box shown in Fig. 23
with a socket for a plug and cable
that attach either to the receiver or
to the charging switchboard.
Charging Switchboard. The
Charging Switchboard shown in
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Fig. 23. Two batteries boxes with
batteries are supplied with the Valve
Receiver to light the valve filaments.
(Marconi Receiving and Measuring
Instruments Catalog, p. 46)

Fig. 24 is used to recharge the accumulators from the ship mains.
The very simple panel has two
bayonet lamp sockets at the top for
two light bulbs not shown, a voltmeter with a 10-volt full scale in the
center right of the panel, two pairs
of connectors for two fuses at the
bottom, and two plug sockets—the

Fig. 24. The Charging Switchboard
shown here without the two currentlimiting carbon filament lamps in the
two sockets at the top was used to
recharge batteries used in the Valve
Receiver. (Marconi Receiving and
Measuring Instruments Catalog, p. 46)

upper socket for a plug wired to the
batteries and a lower socket for a
plug wired to the mains. The fiftycandle-power carbon-filament
lamp bulbs, which do not appear
in this photograph, are designed
to limit the charging current to less
than 2.5 amperes. These bulbs are
clearly evident on the switchboard,
which appears at the left center of
the Browne photograph of Fig. 1.
Plain Aerial Emergency
Transmitting Set. In the event
the 5-kW set failed, the emergency
transmitting set was capable of
producing plain sparks for at least
six hours that could be received at
ranges up to 80 miles. The major
components of the emergency set
shown in the connection diagram
of Fig. 25 include a 10-inch Induction Coil, Extra Condenser, Charging Panel, Accumulator Batteries,
Manipulating Key, and Aerial
Sockets.
The 10-inch induction coil is
plainly evident just to the right of
the operator in the Browne photograph. The brass plug-sockets
for the aerial labeled P1 and P2 in
the diagram are mounted on two
cone-shaped wooden pillars that
appear as two dark circular objects
attached to the wall just above the
ten-inch coil in the Browne photo.
The charging panel is mounted on
the wall adjacent to the operator’s
desk to the right in the Browne
picture, although its presence may
not be obvious to the untrained
eye. The location of this panel will
be revealed with the aid of a photograph of the panel. Two sets of
manipulating keys appear in the
lower right of the figure, one of
which was used with the 5-kW set
and the other for this emergency
set. The keys, which are common
to both the 5-kW and emergency
transmitter sets, will be addressed
later in a separate paragraph.
The location of the accumulator
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Fig. 25. The following six components appear in the connection diagram for the
plain aerial emergency transmitting set: 10-inch Induction Coil, Extra Condenser,
Charging Panel, Accumulator Batteries, Manipulating Key, and Aerial Sockets.
(Adapted from Hawkhead and Dowsett, 2nd ed. p. 199)

batteries cannot be determined
from the Browne photograph or
from any known photographs of
Titanic’s sister ships. The Earth
arrester, which appears on the
wall in the Olympic photograph of
Fig. 2, is nowhere to be seen in the
Browne photograph. Photographs
of the Silent Room of the Titanic
wreck confirm that both of these

components were located in the
Silent Room on the Titanic.
10-Inch Induction Coil. The 10inch induction coil shown in Fig.
26 is the heart of the emergency
transmitting set. The primary
winding consists of 360 turns of
No. 12 D.C.C. wire wound over
a core of soft stranded iron and
enclosed in an ebonite tube. A
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Fig. 26. This 10-inch coil was used in the emergency transmitter set to produce
sparks at a repetition rate of 25 sparks per second. (Courtesy of John Jenkins,
www.Sparkmuseum.com)
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secondary coil consisting of 54,500
turns of No. 34 wire is wound over
the ebonite tube in sections to
avoid high potential differences
between windings. The output of
the secondary is connected to two
brass discharge rods with brass
spheres at one end in proximity to
each other, and ebonite handles
at the other end for adjusting the
spacing.
In order to produce multiple
pulses when the key is depressed,
something called a hammer break
was inserted in the circuit between
the key, coil and battery consisting of a platinum contact on a flat
spring opposing a fixed contact.
When the key was depressed, the
magnetic field in the coil would
pull the contact on the spring away
from the fixed contact, thereby
interrupting the circuit. The magnetic field in the coil collapsed, and
the spring returned the contact to
the original position against the
fixed contact. The process was
repeated again at a rate of about
25 times per second while the key
was depressed. A spark was created
between the brass balls each time
the contact was opened and closed.
A 2-microfarad capacitor built into
base of the coil using 140 sheets of
foil, each separated by varnished
paper, was placed across the contacts to sharpen the pulse and also
to prevent a spark from occurring
at the contacts. The coil was found
to produce a better spark when an
additional capacity was added, and
so terminals were added for the
“extra condenser” that appears in
the schematic diagram.
Accumulator Batteries. Eight
Chloride cell batteries, each producing a nominal voltage of two
volts, were used to excite the induction coil. Eight cells connected in
series, each with a capacity of 80
ampere-hours, produced sixteen
volts at eight amperes, enough

to produce sparks for a period of
10 hours. An example of chloride
cells made by The Electric Storage
Battery Company with a capacity of 60 ampere-hours used by
Marconi for powering the 10-inch
induction coil are shown in Fig.
27. These batteries would have
produced emergency service for
at least seven hours, more than
enough for the requirements in the
post-Titanic era.
Charging Panel. The relatively
simple charging panel shown in
Fig. 28 was used to charge the
Chloride accumulators. The resistors at the top and the two light
bulbs were arranged to allow the
batteries to be charged at the
proper voltage with a current of
up to four amperes. The charging
time was quite long, but the batteries were seldom used, and the
charging was generally confined to
short periods just to keep the batteries fully charged. The two pairs
of terminals at the top marked F
in the photograph were for fuses.
The double-pole switch marked D
was used to reverse the connection from the D.C. mains in the
ship, inasmuch as different mains
could supply voltages of different
polarities.
The charging panel is located
in the Marconi Room at the upper

Fig. 27. Marconi used these Chloride accumulator batteries with a 60
ampere-hour capacity at one time for
exciting the 10-inch induction coil.
(Marconi Catalog of Used Apparatus,
p. 18)
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Fig. 28. This charging panel was used
to charge the Chloride accumulator
batteries used to power the emergency transmitter. (Hawkhead and
Dowsett, 2nd ed., p. 202)

right of the Browne photo of Fig. 1
where the double exposure of a single light bulbs appear, as indicated
by the two arrows (see Fig. 29). The
bright lines within the clear glass
bulb envelope were actually the
filaments, which happened to be
lit at the time of the photo.
Aerial Plug-Sockets. The aerial
plug-sockets mounted on the two
cone-shaped wooden pillars appearing in the center of the Browne
photo were used with the emergency transmitter to connect the
antenna to the spark coil during
transmissions and to the receiver
during reception. The plug-socket
labeled P2 was attached to one end
of the spark coil, while the plugsocket labeled P1 was attached to
the earth arrester plate used by the
receiver. As mentioned previously,
this earth arrester was located in
the Silent Room, not in the Marconi Room as it was on the Olympic. The aerial was connected to the

output of the spark coil using plugsocket P2 during transmission, and
to the receiver using plug-socket P1
during reception.
Primary Transmitter Apparatus. Two Manipulating Keys
and the Double Magnetic Relay
Key are located on the operator’s
desk in the lower right corner of
the Browne photo. One manipulating key was used in with the
emergency transmitter to make
and break the circuit between the
ten-inch inductance coil and the
16-volt output from the batteries.
The other manipulating key and
Double Magnetic Relay Key were
used in the low-frequency primary
circuit of the 5-kW transmitter to
make and break the circuit between the 300-volt output from the
generator and the primary winding
of the high-voltage transformer.
The Motor Starter was located
on the wall to the right of the operator’s desk. It is the only component
located in the Marconi Room that

Fig. 29. The location of the Chloride
accumulator charging panel is indicated by the arrows pointing at the double
exposure of a single illuminated light
bulb on the panel in this enlargement
of a portion of the right side of the
Browne photo in Fig. 1.
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controls the transmitter equipment. The Motor Starter is difficult to locate in the Browne photo
without first having a description
of the component. Its location will
be revealed in the last paragraph of
this section using photographs of
the component.
Manipulating Key. The Manipulating Key and Double Magnetic Relay Key functioned as a
unit to make and break the circuit
between the 300-volt output of
the alternator and the primary of
the step-up transformer in series
with the low-frequency iron-core
inductance. The manipulating key
used by the operator to tap out
the coded message closed a circuit
with the relatively low D.C. voltage
supplied by the ship main, thereby
closing the first relay. Closure of
the first relay activated the second
relay, which in turn completed the
high-voltage A.C. circuit. Thus, the
operator was not exposed to the

300-volt output on the manipulating key.
The manipulating key shown in
Fig. 30 needs but little explanation.
In addition to the usual manipulating knob, there is a side lever with
a pull handle, which was designed
to break the circuit in the event the
contacts became welded together.
This key with the side lever was
originally designed for use with the
1½-kW transmitting set in which
relatively large A.C. currents from
the output of the alternator flowed
through the contacts—even though
the single magnetic relay key
shown in Fig. 31 was designed to
divert much of this current through
its relay contacts.13
If for some reason the key
contacts became welded together,
the operator of the 1½-kW set
could quickly break the circuit by
lifting the lever. However, in the
5-kW system the single magnetic
relay was replaced with a double

Fig. 30. The Manipulating Key used to send code messages had a side lever
originally designed for the 1½-kW set to break contact in an emergency, and
two binding posts on the side to disable the telephone set when the key was
depressed. (Courtesy of AWA Museum)
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Fig. 31. The Single Magnetic Relay
Key was designed for use with the
1½-kW set to divert a portion of the
large currents from the manipulating
key contacts to the relay contacts.

magnetic relay key for reasons
discussed in the following section.
Another interesting feature of
this manipulating key was an auxiliary set of contacts that served to
disable the telephones when the
manipulating key was depressed.
Wires from the closely-spaced pair
of binding posts on the right side of
the key as the operator faces it were
connected across the telephone
sets to short them when the key
was depressed, thereby eliminating large noises which otherwise
would have been coupled to the
telephones as a result of the spark
discharges.
Double Magnetic Relay Key.

Fig. 32. The Double Magnetic Relay Key consists of two relay units
mounted on a single board, each
being essentially the same as the
single magnetic key. (Hawkhead and
Dowsett, 2nd ed.)

A double magnetic relay was used
in the 5-kW sets in lieu of the
single relay used in the 1½-kW
set to keep the 300-volt output
from the alternator away from the
manipulating key to ensure operator safety. The double key shown
in the best known photograph
reproduced as Fig. 32 consisted
of two single keys mounted on
the same base, although the wire
gauge of the two windings was
different. The first magnetic key
with a high-impedance coil was
activated by the 100-volt D.C. ship
main when the manipulating key
was depressed. The resulting current through the manipulating key
contacts was low, and the danger
of welding the contacts with high
currents was virtually eliminated.
The first relay activated the second
relay, and the high current from
the alternator to the high-voltage
transformer was shared by both
sets of relay contacts. In essence,
the emergency lever on the manipulating key was a hold over from
the 1½-kW set, and not needed
with the 5-kW set.
Motor Starter. A 110-volt D.C.
motor was used to drive the A.C.
generator that provided the five
kilowatts needed for the transmitter circuits. An automatic starter
was built into the motor, which was
controlled by the Motor Starter
shown in Fig. 33. The motor was
started by slowly rotating the large
black handle (indicated by the arrow in the photo) clockwise. The
electromagnet on the lower left
face was added as an automatic
overload release to protect the
motor.
It is difficult to locate the starter
control box in the Browne photograph without a hint, and so a
careful look at the right side of
the Browne photo reveals a black
starter handle protruding between
the pneumatic tubes used to transVolume 25, 2012 51
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Fig. 34. The starter handle on the
Titanic indicated by the arrow in the
inset from the Browne photo on the
left is in the same location as the
starter handle found on the Olympic
indicated by the arrow in the inset on
the right.
Fig. 33. The Motor Starter used on the
Titanic was identical to the one shown
here, which was originally installed on
the Olympic before refurbishment in
late 1912. (Cropped from Fig. 2)

fer messages between the Marconi
Room and the Enquiry Office. The
black starter handle is highlighted
by the arrow in the inset of the
Browne photo at the left of Fig. 34.
By way of comparison, the motor
starter with protruding handle
from an enlargement of Fig. 3 was
taken at just about the same angle
as the one on the Titanic. The similarity is striking, and no doubt this
was the same location of the starter
on the Titanic. (It should be noted
that the motor starter appearing
in the photo of the Fig. 3 taken on
either the Olympic or the Britannic
is slightly different from the one on
the Titanic because the photo was
taken was taken after 1912.)
WIRELESS EQUIPMENT OF
THE SILENT ROOM
The Silent Room of the Titanic
contained all the Marconi equipment used in the primary transmitter apparatus with the notable
exception of the telegraph keys and
motor starter, both of which were
located in the Marconi Room as
discussed previously. The Silent
Room was exclusively devoted

to equipment used for the 5-kW
transmitter set with the exception
of the Chloride batteries and the
earth arrester used in the emergency transmitter, both of which
were addressed in the previous section. Consequently, the discussion
in this section is confined to the
transmitter apparatus not previously addressed.
Photographs of three different
5-kW shipboard sets deployed by
Marconi were reproduced in the 2nd
edition of the book by Hawkhead
and Dowsett—a plain discharger
version installed at the Marconi
House for training purposes, a
“Battleship” version used by the
military to transmit wavelengths
between 400 and 4500 meters, and
a “Special” version which delivered
5-kW A.C. with 500 volts at 300
Hertz to cover longer wavelengths
than the version installed on the
Titanic. None of the three photographs accurately portrays the
equipment installed on the Titanic
or Olympic. Further, the images
are generally small, and a number
of components are quite indistinct.
Perhaps the best photograph of
the collection of 5-kW transmitter components appears in the
1914 version of the Marconi Year
Book reproduced here as Fig. 35.14
While the components shown in
this “Battleship” version are dis-
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tinct, six components installed on
the Titanic are missing from this
photograph: Protecting Shunts,
Low-Frequency Inductance, HighFrequency Primary Tuning Inductance, Manipulation/Relay Keys,
Tuning Lamp and Spark Arrester.
Further, the 5-kW set for the
Titanic required only four large
condensers while the Battleship
version shown in the photo has
eight. Neither this photograph,
nor any other known photograph
shows the actual location of the
transmitter equipment as installed
on the Titanic or either of its sister
ships, the Olympic and Britannic.
Following the lead of Marconi
authors Hawkhead and Dowsett,
the transmitter equipment has
been divided into four groups for
purposes of the remaining discussion: Motor-Generator Connec-

tions, Low-Frequency Primary
Circuit, High-Tension and ClosedOscillatory Circuits, and Radiating
or Open Oscillating Circuit. The
diagram for the motor and generator connections in Hawkhead
and Dowsett is correct for the
Titanic,15 but the diagram is not of
sufficient interest for the subject
of this article to reproduce here.
However, there is no complete
connection diagram for the 5-Kw
transmitter circuits in Hawkhead
and Dowsett, and virtually all
diagrams published elsewhere are
not correct for the Titanic. The
correct connection for the Titanic
the 5-kW transmitter apparatus
on the Titanic appears in Fig. 36,
color coded according to the three
separate circuits as follows: Low
Frequency Primary Circuit,
High Tension Circuit and

Fig. 35. This photograph of the “Battleship” version of the Marconi 5-kW set
contains large and distinct images of the transmitter equipment used on the
Titanic except for the Protecting Shunts, Low-Frequency Inductance, HF Primary Tuning Inductance, Earth Arresters, and Tuning Lamp, which are absent
from this photograph. (Modified from The Year Book of Wireless Telegraphy
and Telephony, p. 496.)
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Fig. 36. This schematic diagram modified from a Marconi maintenance manual
shows the three principal circuits and associated components of the Titanic
transmitter Low-Frequency Primary Circuit in green, High-Tension and Closed
Oscillatory Circuit in red, and Radiating or Open Oscillating Circuit in blue.
(Maintenance of Wireless Telegraph Apparatus, p. 58)

Closed Oscillatory Circuits,
and Radiating or Open Oscillating Circuit. The diagram was

modified from one appearing in
The Maintenance of Wireless Telegraph Apparatus by removing the
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second Antenna Tuning Inductor
and the extra short wave condenser, neither of which were used on
the Titanic. Photographic evidence
from the wreck clearly shows these
two components were not on the
Titanic.16 It should be noted that
all transmitter components are
associated with one of these three
circuits with the notable exception
of the high-tension transformer.
In this case, the primary winding
of the high-voltage transformer is
part of the low-frequency primary
circuit, while the secondary winding is part of the high-tension
circuit.
Motor-Generator Connections. The motor and generator
connections to the Double Panel
Switchboard and other protection
devices are not shown in the connection diagram of Fig. 36. The
correct connection diagram for the
5-kW set can be found in Hawkhead and Dowsett, but the diagram
is not of sufficient interest for the
subject of this article to reproduce
here. The 100-volt motor operates from the ship mains to drive
an A.C. generator, also referred
to as an alternator, producing 5
kilowatts with 300 volts at 70 Hz.
The motor has an automatic starter
controlled by the Motor Starter
with an automatic overload shutoff
relay located in the Marconi Room
as discussed previously. The motor
Field Regulator controls the motor
speed, while the generator Field
Regulator controls the voltage
output of the generator.
The Double Panel Switchboard
was divided into two sections—the
left panel controlling D.C. power
from the ship’s mains delivered
to the motor and the Double
Magnetic Relay Key to activate
the contacts, and the right panel
controlling A.C. power from the
generator delivered to the lowfrequency primary circuit. Both

panels contained a knife switch
to shut off power, voltmeters and
ammeters to monitor power, and
protective fuses.
Two pairs of Protective Shunts
not shown in the photo of the 5-kW
set were mounted separately on
the wall near the control panels
for purposes of protecting the
motor and generator from large
spikes by oscillating discharges in
the transmitting circuit. Each pair
of graphite sticks in tubular form
were mounted on a rectangular
wood base, held in place at either
end of each stick by a brass spring
clip connected to a binding post.
Low Frequency Primary
Circuit. This circuit consists of
the output of the A.C. generator
connected in series with the Manipulating Key and Double Magnetic Relay Key, Low Frequency
Inductance, and primary winding
of the high-voltage Transformer.
Manipulating and Double
Magnetic Relay Keys. As explained previously, the two keys
acted in series to apply the output
of the generator to the primary of
the transformer when the manipulating key was depressed. The large
currents were shunted through the
magnetic key relays rather than the
manipulating key.
Low-Frequency Inductance. A
low-frequency inductance is added
in series to the primary winding of
the transformer to counteract the
high capacitive reactance of the
large high-voltage condensers in
the secondary circuit. By adjusting
the inductance properly, the current and voltage delivered to the
capacitor from the secondary of the
transformer in the high-tension
circuit is in phase, a condition
necessary to charge the capacitors
most efficiently. The low-frequency
inductance, which is pictured here
in Fig. 37, does not appear in the
group photo of the 5-kW set. The
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Fig. 37. This low-frequency inductor
was used to tune the low-frequency
circuit to resonance, a condition necessary to efficiently charge the main
condensers. (Hawkhead and Dowsett,
2nd ed., op. p. 255)

circular knob on the top of this unit
allows the operator to adjust the
inductance to obtain resonance.
Transformer: The Transformer
has an iron core with a single primary winding and a secondary
winding wound in two separate
parts that can be wired externally
by the operator either in series to
produce 20,000 volts or in parallel to produce 10,000 volts when
300 volts at 70 Hz is applied to
the primary. The transformer is
contained in an oil-tight galvanized
steel tank filled with insulating oil.
The four leads come out of the tank
to four terminals, which can be
wired either in series or parallel to
produce the desired voltage.
High Tension Circuit and
Closed Oscillatory Circuits.
The High Tension Circuit consists
of the transformer secondary,
two Air Core Chokes, and a bank
of four high-voltage Main Condensers whose total capacity was
determined by the series-parallel
arrangement of the Swiss Commutator connecting them together.
The Closed Oscillatory Circuit
consists of the four high-voltage
condensers with Swiss Commuta-

tors in series with the Rotary Disc
Discharger, the High-Frequency
Tuning Inductance, and Primary
Jigger.
Air Core Chokes. Two air-core
chokes were placed between the
transformer secondary leads and
the high-voltage main condensers to isolate the transformer and
low-frequency circuit connected
to the primary of the transformer
from large transients generated in
the Closed Oscillatory Circuit by
the disc discharger. They consist
of two large rectangular boxes and
require no adjustments.
Main Condensers and Swiss
Commutator. The four individual
high-voltage condensers consisted
of 36 glass plates interleaved with
17 zinc sheets enclosed in a galvanized iron tank with an average
capacity of 0.016 mfd. The connections between and among the condensers are made with something
called a Swiss Commutator consisting of hollow copper bars with
a square cross section, each drilled
through with five holes. These are
positioned above but not directly
connected to another five bars with
the same cross section, which are
connected to the condensers. By
cross connecting the bars appropriately with a conducting plug,
three different arrangements may
be effected: all four condensers in
parallel resulting in 0.064 mfd., all
four condensers in series resulting
in 0.004 mfd., and two condensers
in series placed in parallel with the
remaining two condensers resulting in 0.004 mfd.
Rotary Disc Discharger. The
Rotary Disc Discharger consisted
of a circular steel plate ten inches
in diameter fitted near the periphery with 16 equally spaced transverse copper studs which project
one inch from either face. The disc
had a shaft running though it connected to the motor shaft with an
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insulating rubber coupling. Two
stationary copper electrodes were
situated on either side of the disc
such that the copper studs passed
close to the electrodes as the disc
rotated. The electrodes were in
series with the main condensers
and produced discharges each time
the studs passed by the electrodes.
The spacing of the two stationary
electrodes was adjusted by turning
a circular ebonite knob on the side
of the discharger box.
The spark rate of the disc discharger was determined by the motor speed and the number of studs
on the disc. If the motor rotated at
2100 rpm, there would have been
16 studs passing the electrodes
2100 times per minute producing
33,600 sparks per minute or 560
sparks per second. The motor was
not synchronized with the charging cycle of the capacitors, which
charged and discharged twice in
a cycle, or 120 times per second
(i.e., 120 Hz) for the 60 Hz A.C.
voltage produced by the generator. Nevertheless, the operator
could adjust the motor to a speed
producing a pleasing tone in the
range of 400 to 700 Hz that was
easily distinguished from static
and other noise.
An insulated discharge box surrounded the sparking disc to help
muffle the sound of the singing
discharge which otherwise would
have disturbed operators in the
Marconi room. The box was made
of teak, which was well suited to
resist the ravages of water.
High-Frequency Tuning Inductance. The High-Frequency
Tuning Inductance was used to
adjust the resonant frequency of
the closed oscillatory circuit at the
chosen wavelength, either 300 or
600 meters. The tuning inductor was a thick spiral wound coil
with an ebonite handle at the top
connected to a threaded rod run-

ning through the inside of the coil.
Attached to this rod was a spring
brush that made contact with the
outer coil. The number of turns in
the active circuit could be adjusted
up or down by rotating the handle
at the top of the case.
Jigger Primary. The final component in the Closed Oscillatory
Circuit was the Primary Jigger,
which was actually the primary
winding of a transformer called
a jigger. The jigger was used to
couple energy from the closed
oscillatory circuit to the radiating
circuit. The primary of the jigger
consisted of four turns of heavy
insulated stranded copper cable
tapped at each turn. The ebonite
end plate of the box supported
five solid brass lugs that were connected to taps on the coil. Behind
them ran an insulated horizontal
copper bar onto which any of the
five lugs could be connected with
an insert plug. One terminal of the
jigger was connected to the highfrequency tuning inductance and
the other to the main condenser.
Radiating or Open Oscillating Circuit. The radiating circuit
consisted of the Jigger Secondary,
Aerial Tuning Inductance, Earth
Arrester Spark Gap, Tuning Lamp,
and Short Wave Condenser. The
short wave condenser was used
on most ships for operation at 300
meters, but not on the Titanic.
Jigger Secondary. The Secondary Jigger, or more properly
the secondary of the jigger transformer, was a coil of eight turns of
No. 21 wire wound around the inside of a square wooden box. Eight
brass plug-sockets were placed on
the face of the box in a horseshoe
shape, each connected to a tap on
one of the eight turns in the coil.
The terminal at the upper right
was marked “earth,” and a special
wire designated “20 amp. Flex”
was used to connect it to the top
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plate on an Earth Arrester, which
was described previously. This
wire was the attachment point for
the Tuning Lamp described later.
The inductance of the secondary
jigger determined the wavelength
of the signal in the secondary circuit—either 300 or 600 meters
for the Titanic. The inductance
in the circuit was determined by
which of the seven plug-sockets
was used to connect to the Aerial
Tuning Inductance. The maximum
inductance at the terminal on the
upper left of its face was 28.5 mH.
The box containing the secondary jigger was mounted on a
slide rail arrangement allowing it
to slide over the box underneath
containing the primary coil. The
degree of coupling was varied by
changing the vertical position of
the box. A Marconi Wave Meter
like the one pictured in Fig. 38
would have been used to select the
proper inductance such that the
closed oscillatory circuit would resonate at either 300 or 600 meters.
Aerial Tuning Inductance. The
Aerial Tuning Inductance was
used to bring the antenna into
resonance at the desired wavelength by cancelling the capacitive
reactance of the antenna array
with the proper amount of inductance. This component is missing
from the group photo of the 5-kW
transmitting apparatus, and so its
photograph is reproduced here as
Fig. 39.
The Aerial Tuning Inductance
consists of twenty turns of No. 20
wire wound around the interior of
a square wooden box. There were
eight taps on the coil, each of which
is brought out to a plug-socket on
the face of the device in horseshoe
arrangement, much like the Jigger
Secondary. The output of the secondary of the jigger was attached
to the plug-jack on the upper right.
The antenna was attached to one

Fig. 38. A wave meter such as this
Marconi Wave Meter No. 2 was used
to select the proper inductance such
that the closed oscillatory circuit would
resonate at either 300 or 600 meters.
(John Jenkins, www.sparkmuseum.
com)

of the other plug-jacks depending
on the required inductance, which
could be varied from 1.4 mH to
25.8 mH in seven increments.
Tuning Lamp. The tuning lamp
was used as an indicator of the
relative oscillating current flowing
in the ground lead of the antenna.
When the antenna circuit was
tuned to the same wavelength as
that of the closed oscillatory circuit, the current in the ground lead
would be maximum and the tuning
lamp would be at its brightest. The
correct jack-plug on the Tuning Inductance would be determined by
selecting the one that produced the
brightest glow in the tuning lamp.
The tuning lamp itself pictured
in Fig. 40 consisted of a 4-volt
carbon filament lamp and an
eight-foot inductance coil wrapped
around a grooved boxwood core
fixed to a teak base. One end of
the coil was attached to a connector on the base and the other end
was free. One end of the lamp was
attached to a second terminal,
and the other end was attached
to a pivoted brass arm that could
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Fig. 39. The Aerial Tuning Inductance
was used to bring the antenna into
resonance at the desired wavelength
by cancelling the capacitive reactance
of the antenna array. (Hawkhead and
Dowsett, 2nd ed., p. 148)

be moved across the coil, thereby
varying the amount of inductance
in the circuit. The tuning lamp was
attached across approximately
six feet of the wire connecting the
earth terminal of the jigger secondary to the top plate of the earth
arrester.
Short Wave condenser. Hawkhead and Dowsett described the
need for a special “short wave
condenser” in conjunction with
an additional Earth Arrester to be
used for shunting a portion of the
inductance in the jigger secondary
when transmitting at 300 meters.
(The reason for this was described
in the first section on aerials.) The
short wave condenser he described
as the “extra condenser“ was
identical to one of the four main
condensers used with the disc
discharger. However, it was clear
from the videos obtained during
the two expeditions to the wreck
that there were four and only four
condensers—that is to say, there
was no short wave condenser of
the type described by Hawkhead
and Dowsett on the Titanic. However, there were two Earth Arrester

plates, one of which was intended
for the short wave condenser.
Bucher in his book on wireless
telegraphy states that most but not
all ships needed the short wave
condenser for 300 meters. Further,
he explained that the standard
practice was to install the equipment and then test each ship to
determine which ships needed the
extra condenser. Finally, Bucher
states that Marconi rarely used the
T-Antenna on ships. The logical
conclusion is that the T-antenna
on the Titanic was one that did
not need the extra condenser, but
that it was initially installed and
tested on the Titanic to make that
determination—and then it was
subsequently removed.
WIRELESS EQUIPMENT OF
THE WRECK
While the Browne photograph
of Fig. 1 provides substantial information on the Marconi equipment
in the Marconi Room, no known
photographs were taken of the
Marconi equipment in the Silent
Room of the Titanic before it sank.
The Cameron expeditions in 2001
and 2005 provide the first photographic evidence of the equipment

Fig. 40. The tuning lamp was used as
an indicator of the relative oscillating
current flowing in the ground lead of
the antenna. (Hawkhead and Dowsett,
2nd ed., op. p.150)
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in this room, which was found to
be essentially intact. After a rapid
descent to the bottom of the ocean
and resting there in salt water for
almost 100 years, virtually all of
the equipment is still existent and
quite recognizable. In sharp contrast, the wireless equipment in the
Marconi Room is now essentially
nonexistent except for what might
be lying under several unrecognizable piles of debris on the floor. It
is believed that much of the equipment in the Marconi Room was
swept away by the hydrodynamic
forces encountered during the descent of the bow section, whereas
equipment in the Silent Room was
protected by walls of double thickness filled with insulation designed
to deaden the sound from the rotary disc discharger.
Videos of the Silent Room from
the Cameron expeditions complement the Browne photograph of the
Marconi Room, which when taken
together provide a comprehensive
picture of the type and location of
all the Marconi equipment on the
Titanic. In addition, the Cameron
videos provide evidence of the
state of the Marconi system at the
time of sinking based on settings
of certain controls, positions of
knife switches controlling power
distribution, configuration of the
Swiss Commutator, and position
of the box lid for the rotating disc
discharger. Before presenting and
discussing selected images obtained during the 2001 and 2005
expeditions, a few words are in
order explaining how the photographs were obtained.
The Expeditions. The expeditions to the Titanic in 2001 and
2005 were led by James Cameron,
who utilized the Russian research
vessel Keldysh (formally Akademik
Mistislav Keldysh) and its two deep
submersibles, Mir-1 and Mir-2.
The subs are capable of reaching

depths of approximately 20,000
feet, far greater than the wreck’s
depth of 14,600 feet. Descent times
from the surface to the Titanic at
that depth were approximately
three hours in the Mir.
While the exterior of the wreck
could be photographed directly
from the Mir subs, they were far
too large to explore and photograph the interior. For that mission, Cameron developed new
mini-ROVs with cameras, which
have been described as being
“about the size of the proverbial
bread box” (approximately 28 in.
x 16 in. x 16 in.). They were certainly small enough to pass though
exterior window casings of the
Titanic. The ROVs were powered
by on-board batteries, but used
a tiny 2,000-foot fiber-optic line
to the sub spooled out behind for
receiving guidance commands and
transmitting video images back to
the sub. The ROVs also had dualbeam offset lights for high-quality
video photography and for illuminating the surroundings while
navigating within the wreck.
The first two ROVs used in 2001
were named Jake and Elwood,
one tethered to Mir-1 and other to
Mir-2. Jim Cameron set up “mission control” on Mir-1, where he
controlled one of the ROVs directly
and provided instructions to the
operator of the other ROV on Mir2. The ROVs were used in pairs
such that the camera on one could
be used to observe the location,
track and general surroundings of
the other. One ROV could also be
used to aid the other in the event it
became stuck or failed to function.
The 2001 expedition is documented in Ghosts of the Abyss
available in three different formats, a two-disc DVD set, a shorter
YouTube video on the Internet,
and a book. The reader is urged
to view one of the video formats
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to fully appreciate the complexity
of the expedition, the excitement
of the team when they viewed the
interior of the Titanic for the first
time, and the magnificent views
of the Marconi equipment in the
Silent Room. Likewise, the 2005
expedition is documented in Last
Mysteries of the Titanic, currently
available on DVD and YouTube
formats. Images of the Marconi
rooms appear in the videos from
both expeditions.
Computer-Generated Images. Before presenting still photographs extracted from the videos
of the Marconi equipment taken
on the wreck, it should be pointed
out that the stills are somewhat
difficult to interpret without visual
guidance and commentary. A “before and after” view is often used
to visualize disaster scenes and
interpret photographic evidence.
In the case of the Silent Room of
the Titanic, there are no “before”
photographs, and so detailed 3D
computer-generated models were
created to substitute for the “be-

fore” scenes.
A 3D model of the Silent Room
was developed by first making a
model of each individual component of the Marconi wireless
system based on documentation
and images of the equipment appearing in the literature and publications and/or in collector collections—the type of information
appearing in the previous section.
The individual models were then
assembled together in a space with
dimensions of the Silent Room determined from deck plans, locating
each item according to where they
were found in photos of the Titanic
wreck. A model of the Marconi
Room was developed in the same
way, except there was no useful
photographic information for such
a model from the wreck. Instead,
location of the components was
based on the Browne photograph
of Fig. 1.
An example of the detail included in CG models of the individual
Marconi equipment is illustrated
by the Double Magnetic Relay Key

Fig. 41. This rendering of the Double Magnetic Relay Key is an example of the
level of detail created for the 3D models. (CG image by Parks Stephenson)
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shown in Figure 41. Even though
a high-quality photo of the double
key was not available, an accurate
model was created using poor
photographs and similar hardware. Compare this rendering of
the double relay with photos of the
hardware available in the literature
such as those shown in Fig. 31 and
32.
The Lightwave 3D computer
graphics software program by
NewTek was used to render the
individual component and the assembled Marconi rooms. The 3D
capability of this software allows
the user to select an arbitrary view
angle, a feature that was used to
render 2D images of scenes with
view angles matching the view
angles of the selected still photo
from the Silent Room presented
here. The models were also used
to render the frontal shots of the Silent Room and Marconi Room that
appear on the covers of this issue.
Silent Room Photographs
from the Wreck. The ROVs
accessed the Marconi rooms from
the cavernous empty shaft where
the Grand Staircase once stood just
aft of the Marconi rooms (see Fig.
4). The Grand Staircase had been
ejected from the ship as a result
of its buoyancy and the hydrodynamic pressures acting on it as
the ship rapidly descended to the
depths. The resulting empty shaft
was a grand highway extending
down many decks, thus allowing
the ROVs easy to access much of
the ship. Jake was the first ROV
to access the Marconi rooms in
the 2001 expedition from this
shaft through the starboard doorway and into the deckhouse that
contained the Marconi rooms and
Officers’ Quarters.
The documentaries referenced
above capture the awe and wonderment of those in the Mir-1 and Mir2 who first saw the Marconi rooms

through Jake’s eyes. Because the
wood walls of the Marconi rooms
had long ago disappeared, just as
in many areas of the wreck, Jake
easily accessed the area where the
Marconi rooms once stood. Upon
approaching the Silent Room,
Jake revealed a large collection
of Marconi equipment that was
relatively intact and quite recognizable. Most of this equipment is
nonexistent anywhere else in the
world except perhaps on the wreck
of the Britannic, which has not yet
been explored. In what was once
the Marconi Room, almost nothing remained but several piles of
debris, hinting that a hidden treasure of some sort might be lurking
beneath.
Selected photographs from the
2001 and 2005 expeditions are
presented next, each photograph
accompanied by a 2D rendering
of the CG model at the same view
angle as the photograph. The renderings provide an excellent frame
of reference for the accompanying
discussion.
Double Panel Switchboard and
Field Regulators. One of the more
important findings with regard to
the Marconi apparatus during the
first Cameron expedition was the
location of the Dual Control Panel
and Field Regulators for the motor
and generator. A before-and-after
view of these components as seen
from the Silent Room looking towards the Marconi Room is shown
in Fig. 42. The control panel and
field regulators are still standing
in their original places, held by
the supporting cable and wires. A
portion of the wall remains, held
in place by the panel itself. The
voltmeters and ammeters mounted
on the control panel became clearly
visible as the ROV came closer to
the panel (see Fig. 43). In some
photos such as the one in Fig. 44
the dials on the meters were clearly
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legible. Since the components on
the panel—and therefore the panel
itself—clearly faced the Silent
Room, it is inescapable that the
Dual Panel Control and two Field
Regulators were, in fact, located in
the Silent Room on the Titanic—
not in the Marconi Room, as they
were on the Olympic.
Other views of this apparatus
such as the one in Fig. 45 reveal
interesting information about the
final position of the knife switch
on the D.C. switchboard as well as
the final settings of the regulators.
The D.C. switchboard handle on
the knife switch controlling power
from the ship was found in the
OPEN position, indicating that the
operators deliberately cut power to
the transmitter before they abandoned the space.
An analysis of the final positions of the tap switches on the
field regulators such as the one
appearing in this photograph indicate that an extra amount of field
resistance was applied to increase
the speed of the motor, while less
resistance than normal was applied
to the generator in an attempt to
increase the voltage. Basically, it
appears that the Marconi operators
were trying to compensate for the
decreasing power from the ship’s
mains by adjusting the motor generator field control settings.
This view is supported by the
following scenario based on the
log of intercepted messages reconstructed for the Wreck Commission’s Report on the Loss of the
Titanic (S.S.).17 At approximately
2:00 a.m. (Titanic ship time), the
Virginian heard Titanic calling
faintly and noted that the latter’s
output power was greatly reduced.
Ten minutes later, the Virginian
heard the faint letter “V” being
transmitted twice in Titanic’s distinct musical tone. (Wireless operators of that time used the trans-

mitted letter “V” to adjust their
spark.) The Virginian continued
to hear faint CQDs (distress signals) from Titanic, with the spark
sounding “blurred or ragged,” until
the signals ended abruptly at approximately 2:18 a.m.
One can imagine the problem
faced by senior Marconi operator
Jack Phillips as he continued to
transmit Titanic’s distress calls to
anyone within range. With power
fluctuating, the motor and alternator would have begun to run at
varying speeds, affecting the clarity and power of the transmitted
spark. It’s reasonable to assume
that Phillips would have asked
Bride to enter the Silent Room and
readjust the regulators to accommodate the reduced power coming
from the ship’s mains. With the
regulators varying the resistance
applied to the motor sets, Bride
would have been controlling the
speed of the motor and the amount
of current flowing through the alternator field, using the sound of
Phillips’s transmitted “V”s—which
Phillips could not hear for himself
in the adjacent Marconi Room—as
an indicator of how well the spark
was being formed. Thus, the photographs of the wreck capture the
last settings chosen by a wireless
operator desperate to optimize the
spark as the ship’s power began to
fail. The image is sobering.
Motor-Generator and Rotary
Disc Discharger. The motor-generator can be identified in the previous Fig. 42 by the telltale eyebolts
for lifting that were attached to
the top of both units. The motorgenerator is oriented fore-and-aft
and sits up against and just to
port of a rare section of surviving
wall. This wall evidently survived
because of the large number of
metallic objects affixed to it. The
disc discharger appears at the right
of the photograph, documenting
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Fig. 42 a. This photograph of the Double Panel Switchboard and Field Regulators for the motor and generator taken from the Silent Room looking towards
the Marconi Room clearly proves the switchboard and regulators were actually
located in the Silent Room on the Titanic. (2001 Image by Earthship Productions)

that it was mounted on the motor
shaft facing aft. The discharger can
be readily identified by the telltale
box lid for the insulated teak box
designed to quiet the sounds of the
spark discharges.
A closer view of the disc discharger and box lid was captured in
the photograph of Fig. 46. The box
lid locked in the open position was
an unexpected find. Perhaps one of

the operators had opened the box
in the final minutes before leaving
the Silent Room to readjust the
spark as the power to the system
began to fail. The rotating disk
discharger would have given off an
eerie glow during operation such
as the one appearing in the model
on the left. The slanted object appearing in the CG rendering is the
insulating strip that shields the
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Fig. 42 b. CG image by Parks Stephenson.

heavy copper lead connecting the
high-frequency spiral inductance
to the discharger, which can be
seen in the image of the 5-kW set
shown in Fig. 35.
Miscellaneous Apparatus.
Much of the equipment in the
Silent Room not yet addressed
appears in the mosaic photograph
of Fig. 47, taken by an ROV with
a view towards the port aft corner

of the room. The four main condensers appear in the left center
of the photo. The spiral inductor
has fallen from the wall and lies on
top of the condensers to the far left
in the dark area of the photo. The
jigger has also fallen off the wall
and covers a portion of the Swiss
Commutator situated on top of the
condensers.
The top-down view of Fig. 48
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Fig. 43 a. A closer view of the Dual Control Panel taken from the Silent Room
makes it very clear that the meters on the panel and the panel as well face the
Silent Room, and therefore were in the Silent Room. (2005 Image by Earthship
Productions.)

reveals the tuning lamp with the
spark arrestor at the center right,
a portion of the jigger still hanging
by wires, and the remainder of the
jigger, which has fallen onto the
Swiss Commutator resting on the
condensers. An analysis of this and
other similar photos has concluded
that the Swiss Commutator was
configured to put the condensers in
parallel, which means the Titanic
was last transmitting at 600 meters—not exactly a surprise.
A close-up view of the transformer and Chloride accumulator batteries used to power the
emergency transmitter is shown in
Fig. 49. The transformer is clearly
visible at the left of the photo
where one of the wires from the
transformer binding post is still
connected to the air-core choke

coil. The choke coil, which was
originally enclosed in a box affixed
to the wall, has fallen on top of the
transformer. The coil itself can
be located by following the wire

Fig. 44. Even the printing on the face
of certain meters such as this voltmeter was visible on close-up video images of the Switchboard. (2005 Image
by Earthship Productions.)
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Fig. 43 b. CG image by Parks Stephenson.
from the transformer to the long
cylindrical object in the upper left
corner of the photograph.
To the right of the transformer
are the Chloride accumulator batteries used to operate the emergency transmitter. This photo clearly
shows the batteries were located
in the Silent Room, while most of
the rest of the emergency transmitter—including the accumulator
charging panel—was located in the
Marconi Room.
M arc oni R oom P hot o graphs from the Wreck. The
photograph of Fig. 50 taken in the
Marconi Room looking towards the

Silent Room confirms that most of
the equipment there was washed
away during the rapid descent of
the wreck. There may be a few
components remaining under the
debris piles strewn about the room.
What is visible in the center of this
photo is part of the remaining wall
between the Silent Room and the
Marconi Room to which the Dual
Panel Switchboard in the Silent
Room was attached. There are a
few cables lying about here and
there, most notable the white cable
in the center of the photo, which
was the primary power feed to the
D.C. switchboard from the 100V
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Fig. 45. A close-up of the control panel shows the knife switch for D.C. power
was open, and the setting of the Field Regulator indicates that it was adjusted
to increase A.C. power output, perhaps to compensate for declining power from
the ship main before just before the end. (2005 Image by Earthship Productions;
CG image by Parks Stephenson)

ship’s main. Compare the photo
from the wreck on the left with a
model of how the room must have
appeared just before the ship sank.
FINDING & CONCLUSIONS
Silent Room. Perhaps the
most interesting finding is that,
contrary to conventional wisdom,
the configuration of Marconi wireless equipment on the Titanic was
substantively different than that
found on its sister ship, the Olym-

pic. In particular, the Dual Panel
Switchboard, and two Field Regulators for the motor-generator set,
historically thought to be in the
Marconi Room, were actually located in the Silent Room. Likewise,
the Tuning lamp and Earth Spark
Arrester used with the receivers
and the emergency transmitter
were also unexpectedly found in
the Silent Room.
There are at least three possible
explanations for the differences

Fig. 46. The rotary disc discharger can be easily identified by the open box lid
in the right center portion of this photograph. (2001 Image by Earthship Productions; CG image by Parks Stephenson)
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Fig. 47. This mosaic of Marconi transmitter equipment in the Silent Room was
taken with a view towards the port aft corner of the room. (2001 Image by Earthship Productions; CG image by Parks Stephenson)

in the configurations on the two
ships, although the first two seem
implausible. First, the Olympic was outfitted with Marconi
equipment in early 1911 while the
Titanic was outfitted in 1912, and
so perhaps a more efficient layout
was found in the intervening year.
Second, the location of the Marconi
suite on the Titanic was different
from that on the Olympic, which
may have caused the layout of
certain apparatus on the Titanic to
be different. However, the Olympic
was refitted in late 1912, at which
time the Marconi suite was moved
to the same location as that on
the Titanic. Despite the change
in location and the potential for
discovering a more efficient layout,

solid photographic evidence confirms that the location of Marconi
equipment on the Olympic did not
change substantively after refitting. The third explanation is that
the location of the equipment was
not specified by the company and
was solely at the discretion of the
installing engineer.
Also interesting is the fact that
no Short Wave condenser said to
be required in general for 300-meter transmission was found in
the Titanic wreck. According to
contemporaneous Marconi documents, an “extra condenser” similar to one the four main condensers
used in the high-tension circuit
was required in the aerial circuit in
most ship installations for 300 me-

Fig. 48. The Tuning Lamp, Spark Arrester and a portion of the jigger was still
hanging by wires above the main condenser bank, while the remainder of the
jigger has fallen onto the Swiss Commutator resting on top of the condensers.
(Image by Earthship Productions; CG image by Parks Stephenson)
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Fig. 49. A close-up view of the transformer and Chloride accumulator batteries
suggests they are basically intact—unlike the high-frequency air-core chokes
which have fallen off the wall. (Image by Earthship Productions; CG image by
Parks Stephenson)

ter work. It would appear that the
Titanic with is long aerial and large
capacitive reactance did not need
even more capacitive reactance for
short wave operation—something
that most other Marconi shipboard
installation apparently did require.
It should be clearly stated that the
equipment in the Silent Room on
the wreck was sufficiently intact,
and the photography of this room
was of such quality, that if there
had been an extra condenser of
the type described in Marconi
documents, it would have been
observed.
Finally, the location of the Chloride accumulator batteries used to
power the emergency transmitter
had never been known for certain.
Most of the emergency transmitter
apparatus—including the charging panel for the batteries—were
located in the Marconi Room, so it
would have been just as logical to
place the batteries in the Marconi
Room as the Silent Room. Photographic evidence confirms that the
batteries were in the Silent Room.
Marconi Room. Because
there is virtually no useful photographic information from the
Marconi Room of the wreck, almost everything known about the

type and location of equipment in
the Marconi Room of the Titanic
comes from the Browne photo. In
this regard, it should be noted that
the Browne photo of Fig. 1 is the
original uncropped photo showing damage in the negative at the
edges, which has been cropped out
of most published Browne photos.
Unfortunately, equipment that can
actually be seen at the edges of the
uncropped photos is missing from
the cropped photos.
Photos of the Silent Room in the
wreck do contribute to the knowledge of the Marconi Room indirectly because they clearly show
the Dual Panel Switchboard, two
Field Regulators, Tuning Lamp,
and Earth Arresters were not located in the Marconi Room, something that could not be confirmed
with the limited view in the Browne
photo. With two minor caveats, it
can now be confidently stated that
the Browne photo accounts for
virtually all the equipment known
to be a part of the 5-kW set but not
found in the Silent Room. First, the
Multiple Tuner is not visible in the
Browne photo, but only because it
is hidden by the presence of the
operator. There is no doubt that
this instrument was sitting on the
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operator’s desk below the Magnetic
detector.
Second, there is no telephone
transformer in the Browne photo,
and it is not known whether or
not a separate telephone transformer was part of the 5-kW set
at the time it was installed on the
Titanic. It was stated in an early
1912 document that the ten-inch
spark coil doubled as a telephone
transformer when low-impedance
telephones were used. That the
ten-inch coil had once doubled
as a telephone transformer was
confirmed by the 2 nd edition of
Hawkhead and Dowsett published
in 1915, which also stated that a
new smaller transformer had been
designed later specifically for the
valve detector. Unfortunately
the book does not date the introduction of the new transformer.
The first known photograph of a
telephone transformer designed
specifically for the valve receiver
appeared in the photograph of
the Marconi Room of Fig. 3 taken
sometime after 1912.
The Browne photo of Fig. 1 is
compared with the best guess of
how the Marconi Room on the
Titanic was arranged using a 2D
rendering of the 3D model with
approximately the same view angle
shown in Figure 51. The 2D model
is certainly helpful for interpreting certain details of the doubleexposed Browne photo.
The Best Guess. In the end,
the actual configuration of the
equipment on the Titanic is still
something of a guess. However, by
carefully piecing together all parts
of the puzzle—the Browne photo,
the wreck photos, descriptions of
the apparatus in documents and
the literature, and photographs
from museums and private collections—it has been possible to
arrive at a configuration that is not
only substantively different than

previous ones, but also one that
is likely to stand the test of time.
The best guesses for the two rooms
are represented pictorially in the
rendering of the Marconi Room
on the left of Fig. 52 and the Silent
Room on the right.
A Final Observation. In the
aftermath of the Titanic tragedy,
there were lengthy hearings on
both sides of the Atlantic to investigate the Titanic tragedy and
recommend new laws and regulations to prevent such an event from
reoccurring. It is significant that
there were no findings regarding
deficiencies in the Marconi wireless equipment, nor were there any
recommendations for improving
the state-of-the-art of wireless
technology.
The recommendations for improving wireless communication
for ships at sea focused on setting
minimum communication ranges
for certain classes of ships, requiring two operators for twenty-four
hour coverage, requiring emergency transmission capability
using battery power for a specified period of time, and reserving
certain frequencies for emergency
use. The Marconi system used on
the Titanic was already in compliance with the new regulations. The
only noteworthy improvement in
Marconi wireless systems made
in the period between the Titanic
tragedy and WWI was the introduction of the crystal set circa 1913,
an improvement that was more
incremental than transformative.
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Fig. 51 a. The Browne photo is compared with the best guess of how the Marconi
Room on the Titanic was arranged using a 2D rendering of the 3D model with
approximately the same view angle.
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Fig. 51 b. (CG image by Parks Stephenson)
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Fig. 52 a. Based on all known evidence, these computer-generated images are
the best guess of the arrangement of wireless equipment in the Marconi Room
(left) and Silent Room (right) on the Titanic. (CG images by Parks Stephenson)
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Fig. 52 b.
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Parks Stephenson, dressed as a Marconi Wireless Operator, in front of
his reconstructed Marconi Room.
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AWA Review Wavemeters for Frequency
Measurement by the British
Army in World War Two
ABSTRACT
Wavemeters fulfilled an essential need
in support of military
communications and
various special military requirements over
the first half of the 20th
Century, and the rapid
advances in electronics
technology led to many
different wavemeter
designs.
The paper explains
their basic principles
and continues with
illustrative examples
of actual wavemeters,
particularly those used
by the British Army
during World War
Two and shortly after,
explaining the contexts within which they
were needed. Contrasts and similarities
with wavemeters for
Navy and Air Force use
are briefly mentioned
and the subsequent
developments of crystal-control and digital electronics which
provide the basis for
modern frequencysynthesised communications and the consequent obsolescence
of wavemeters are explained.

2012 Anthony C. Davies

Measurement of frequency with extreme
accuracy is now taken for granted. Few users
of inexpensive satellite navigation products in
their vehicles realise the extraordinary accuracy of the frequency standards on which the
GPS system is based. Each satellite has four
rubidium or caesium atomic clocks with an accuracy of 3×10-9 seconds per day[1]. It is widely
taken for granted that cheap mass-produced
wrist-watches can compete favourably with the
accuracy of time signals received via radio and
TV broadcasting channels.
Just as the development of accurate clocks
was crucial to the success of navigation at sea in
the 18th and 19th centuries, the setting of accurate
frequencies became essential to the early 20th
century development of radio communications
and broadcasting.
Wavemeters are instruments that were used
to set a transmitter to a specified frequency, to
verify the correctness of a receiver frequency
setting, or to check the frequency of an incoming signal.
Consequently, as military operations began
to increasingly rely on radio communications,
the ability to set transmitter frequencies accurately became essential, and the maintenance
of radio communications networks on the intended frequencies became important, but was
difficult because of frequency drifts caused by
temperature, supply voltage variation, general
component value drift, and calibration inaccuracies of transmitter and receiver frequencydials. The need for military wavemeters thus
arose by the start of World War One, but became
a major necessity by World War Two.
Time and Frequency measurement fundamentals
For accurate navigation at sea, determination of position requires knowledge of latitude
(for which a sextant may be used, to measure
the angle between the horizon and some ceVolume 25, 2012 79
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lestial body) and longitude (made
possible if accurate time is known,
a need which led to the remarkable
development of clocks by Harrison,
as is well-known [2]).
Frequency can, in principle,
be found from knowledge of time,
since the conversion from one to
the other just involves counting.
However, to use this method at the
frequencies used for radio communication was not possible in
practice until the development of
high-speed digital electronics.
Instead, frequency was determined with the aid of resonance.
The resonant frequency of a lossless tuned circuit is given by
f0 = 1/2π√LC
so if L and C are known the resonant frequency can be calculated.
L and C can be calculated from
physical dimensions (and knowledge of permittivity and permeabililty) and so related to fundamental standards of length and known
materials properties.
This is a similar principle to the
use of a tuning fork to generate a
particular pitch and a metronome
to set tempo, as used by musicians.
Piano tuners use the beat-frequencies between various harmonics to
set a piano to the equal-tempered
scale, which is analogous to the use
of heterodyne methods in wavemeters, and they also use beat frequencies to ensure that those notes
which are made by more than one
string (typically three) are tuned to
exactly the same pitch.
In wavemeters, the inductance
was most often fixed or switched in
value, or else interchangeable plugin coils were provided and a continuously variable capacitor with
a precision slow-motion geared
reduction-drive and accurate scale
– perhaps with a vernier – was
used to set the resonant frequency,

with a fixed-frequency accurate
standard to provide calibration at
various points on the scale.
Some designs used a fixed capacitance and a variometer (a continuously variable inductor, based
on the mutual inductance between
two coupled coils, movable relative
to one another)
The law of variation of capacitance C with angle of setting f can
be chosen to provide alternative
scales. Thus, if the angle f is proportional to 1/√C, equal angles will
produce equal changes in resonant
frequency and so give a linear frequency scale, which would probably seem preferable nowadays.
However, at one time it was more
usual to specify channels in terms
of wavelength, and an angle proportional to √C would give a linear
wavelength scale. Since this implies
that C µ f2, these were called ‘square
law condensers’ (‘condenser’ being
the word for capacitor at that time).
At u.h.f. and higher frequencies, a resonant circuit of lumped
components is not feasible, and so
tuning may be achieved by variation of the length of a coaxial line
or waveguide. The cavity wavemeter, invented by Louis Essen for
measurements at radar frequencies
during World War Two, is also
available for such frequencies.
Basic Principles and
Wavemeter Types
1. Absorption Wavemeters
These wavemeters comprise a
means of coupling to the transmitter being adjusted or to the source
of the frequency being measured,
an adjustable resonant circuit, with
a calibrated scale, and an indicator
to show the presence and strength
of radio frequency oscillations induced in the resonant circuit. They
have the advantage of simplicity,
and harmonic-based errors which
can be made using heterodyne
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wavemeters do not arise. Often no
amplifier is needed and so no power
supply either.
The simplest form is just a tunable resonant circuit with a small
lamp, and a means of coupling to
the output of transmitter under
test. The lamp will light when there
is sufficient r.f. energy circulating
in the resonant circuit which can
then be tuned for maximum brightness. The coupling should be as
loose as possible, to avoid burning
out the lamp, and to reduce the possibility of the coupling influencing
the equipment under test.
Another way to indicate the
signal strength is a thermocouple
connected to a sensitive ammeter,
where the heat produced by the
r.f. signal produces an e.m.f. to
drive a direct current through the
ammeter (Seebeck effect). This is
shown in Fig. 1, taken from a report
illustrated by British Admiralty

Fig. 1
Admiralty drawing of 1906
wavemeter

draughtsmen. A quartz crystal
mounted in a gas discharge tube
may also be used as an indicator:
the piezo-electric effect results in a
glow discharge around the crystal,
the brightness of which increases
with the strength of the r.f. oscillations. Fig. 2 shows a design for use
at about 3MHz [3, Fig. 8]. Some
early wavemeters used a neon discharge lamp as the indicator.
Two tightly-coupled resonant
circuits tuned to the same frequency can produce a ‘double-hump’
response, with neither peak at the
resonant frequency, so this is a
potential source of error if the coupling is too tight. Fig. 3(a) shows
how the frequency response has a
single peak which increases in amplitude as the coupling is increased
from zero, but eventually splits

Fig. 2 Luminous quartz resonator tube
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Fig. 3(a) Double-hump in overcoupled resonant circuits

into two peaks, neither of which is
at the resonance frequency. Consequently for an accurate setting,
the coupling must not be so close
that the double-hump region is
reached.
For a sharp response, a high
‘Q’ factor is needed, illustrated by
Fig. 3(b).

Although an absorption wavemeter can respond to the signal
from a transmitter, it cannot be
used to directly verify the tuning
of a receiver. This can be achieved
by having an associated radiofrequency oscillator: the oscillator
is adjusted to the desired frequency
with the aid of the wavemeter,

Fig. 3(b) Frequency-response variation with ‘Q’ factor.
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and then the receiver tuned to
the frequency of the oscillator. Of
course, this requires either that the
receiver has a means to respond
to an un-modulated carrier (e.g.
includes a beat-frequency oscillator to produce an audio frequency
in the final output), or else that
the oscillator provides an audio
modulated signal. The former was
often possible with many military
radios, because most of them were
designed to include transmission
and reception of C.W. (e.g. Morse)
until well after the end of World
War Two.
As examples of the use of an associated oscillator, the Admiralty
‘outfit’ GA comprised Wavemeter
G56 with Oscillator G33, and ‘outfit’ GH included Wavemeters G61
and G62 with oscillator G35. G33
includes a 500Hz oscillator which
can be used to amplitude modulate
the radio-frequency output, enabling the tuning of a receiver [3,
Fig.14]. Outfit GH was adopted
with some small changes by the
Army for its Wavemeters Class B,
No.1 and No.2 [4].
2. Heterodyne Wavemeters
These wavemeters use the audible beat tones from the non-linear
mixing of two frequencies. Thus,
if frequencies f1 and f2 are mixed,
the outcome includes frequencies
of f1+f2 and |f1-f2|. Depending upon
the non-linearity of the mixing process, there can be many other frequencies in the output, for example
|3f1-f2|, |f1-5f2|
and, of course, many others of
the form |mf1-nf2|, for integers m
and n.
Whenever there are output
frequencies in the audible range,
there is the opportunity to adjust f1
or f2 to produce a zero-beat.
Normally the solution f1-f2 = 0

is required, but others, such as 3f1f2=0 may be either useful or else
the basis of a mistaken measurement, the latter possibly resulting
in a gross error.
A wavemeter, perhaps together
with calibration against an internal
crystal, provides a local standard
against which a transmitter or
receiver may be set or adjusted,
or an incoming signal measured.
However, a wavemeter may itself
need to be checked for accuracy or
calibrated. In addition to sending
it to a laboratory which maintains
a higher standard, there have long
been radio stations which provide
standard time and frequency
transmissions. MSF, at Rugby,
England, used to provide highly
accurate 60kHz, and 2.5, 5, 10, 15,
20 MHz, also carrying modulation
with accurate time-signals. These
were based on quartz resonators
and later on atomic resonators developed and maintained by the National Physical Laboratory (NPL).
In the USA, the National Bureau
of Standards (now NIST) has a corresponding responsibility for the
provision of time and frequency
standards, which began with transmissions from Washington DC
in 1923 (station WWV) between
200kHz and 545kHz [5].
Checking wavemeter calibration was also done in some cases
by using a mechanical tuning fork,
electronically-maintained, driving
a multivibrator to produce a waveform rich in harmonics related directly to the tuning-fork frequency.
Operational needs
1. Setting transmitter frequencies accurately – usually with a dummy aerial to
prevent actual transmission
until the time needed.
2. Maintaining frequencies of
communications networks,
ensuring that receivers and
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transceivers are tuned to
the correct frequencies.
3. Special military needs such
as discovery of enemy location and strategies by
interception and direction
finding of enemy transmissions.
A particular requirement for
military situations can be a need
for making all transmissions as
brief as possible, and making
frequent and irregular frequency
channel changes (to reduce the
chances of interception by the
enemy). Transmitter tuning while
radiating signals therefore needs to
be minimised. Further needs may
be to use various kinds of encryption and to have well trained operators who will not accidentally give
away information or reveal codes
to the enemy by sending the same
information in both encrypted and
un-encrypted formats. However,
that is outside the scope of this
paper.
Initial steps
Various simple wavemeters
were made for army use at the
time of World War One, for setting up spark and C.W. transmitters. They used the absorption
principle, relying on a calibrated
wavelength scale, either variable
inductor or capacitor tuning and
with a low power lamp to indicate
the presence (and strength) of the
transmitter signal under test when
tuned to resonance. As maritime
radio communications developed
and the spectrum became more
crowded, it became essential for
ships to be able to accurately set
their transmitter frequencies, so
that there was a marine need for
wavemeters, both in civilian and
military maritime contexts. In the
years between the two World Wars,
there was continued development
of many wavemeters for Naval,

Army and Air Force uses.
Features of World War
Two era battlefield
radios
The tuning of radios of the
1930s and early 1940s was subject
to drift from temperature change,
component ageing and falling battery voltages and the tuning scales
therefore provided only a limited
accuracy. Oscillators based upon
quartz crystals were known, but
not generally available.
For army radios, continuous
tuning was used and it was not until some crystal-controlled radios
with a small number of pre-determined channels were introduced
towards the end of World War
Two that this began to change, so
reducing the need for wavemeters.
Fig. 4 illustrates the rather primitive arrangements for tuning the
WS 38, a pouch radio extensively
used in World War Two. Not only is
the scale quite crude, but a locking
nut is used to hold it in position,
which can alter the setting as it is
tightened. In addition, drift occurs
because of temperature changes
and other causes.
The WS 78 was a proposed
design for a crystal-controlled
man-pack set, to be similar to the
WS 38 but much easier to operate. The plan was to have eight
channels for each set, but with
three versions (red, green and yellow) operating on mostly-distinct
channels. However, the design was
abandoned before production, and
in effect, supplanted by the WS 88,
which followed USA practice of a
move to the low v.h.f. band and
change to frequency modulation.
The WS 88 has only four channels
(40.20, 40.90, 41.40, 42.15 MHz),
with the simplicity of no tuning
needed (Fig. 5). The WS 88 AFV
uses four different channels at a
slightly lower frequency, and so in-
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Fig. 4 Frequency dial of WS 38

terworking between the two types
is not possible. The WS 88 receiver
is crystal-controlled, and the transmitter uses automatic frequency
control linked to the crystal.
An early design using crystal-

control was the WS 46, which
provided three channels, with the
objective of providing very easy
operation. By changing crystals it
was intended that many frequencies could be catered for – but the

Fig. 5 Comparative simplicity of WS 88 channel setting
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changes could not be done ‘in the
field’, the required crystals had to
be pre-installed before issue of sets
for a particular military operation,
and this difficulty plus a lack of
crystal availability were limitations
to its success. As a result it was not
used much in World War Two, and
was then ‘overtaken’ by the move
from h.f. to v.h.f. and a.m. to f.m.
for manpack radios.
Wavemeters used by the
British Army around
and during World War
Two
Wavemeters were needed in
workshops to support the repair
and maintenance of army communications equipment, and simpler,
easier to use, wavemeters were
needed for the accurate tuning
of transmitters and various specialised uses, such as monitoring
enemy transmissions. As a result
a heirarchy of army wavemters
based on ‘Classes’ was used [4]
Class A: the highest accuracy,
kept only in laboratories at such
places as the Signals Experimental
Establishment (SEE).
Class B: high accuracy, but
capable of portable use and deployment in the field.
Class C: portable and suitable
for general day to day calibration
usage.
Class D: similar to Class C, for
general and routine use in the field
by Royal Signals personnel setting
up and operating transmitters and
receivers.
Early needs of the British Army
for high accuracy wavemeters as
World War Two approached were
met by the realisation that the Admiralty already had some designs
which were suitable. As a result,
the Army Class B wavemeters No
1 and No 2 were based directly on

Admiralty G61 and G62 wavemeters, which incorporate a crystal in
a thermostatically-controlled oven
maintaining a 50°C temperature.
No. 2 covers 15kHz to 2.5MHz
with a 100kHz crystal oscillator,
and No. 1 covers 1 MHz to 25 MHz
with a 1MHz crystal oscillator. The
claimed accuracies are ±100 Hz
and ±1000 Hz, respectively.
The Admiralty version of the
oven operates from 230V a.c. and
the Army version from 12V d.c.
with a different oven design, set to
40°C. The complete instruments
each have a total of 9 valves.
The Class C No.1 heterodyne
wavemeter [4] was introduced in
about 1937, covering 1.36MHz to
7.51MHz in three ranges, with an
individual correction graph (Fig. 6)
supplied with each one to relate
actual frequency to those read from
the dial. It uses a variable inductor
for tuning.
The WS 17, Fig. 7(a), introduced
in 1940, is a v.h.f. a.m transmitterreceiver for anti-aircraft command
communications, working in the
44 to 64 MHz range (Mk I and
Mk II differ slightly). It relies on
an associated absorption wavemeter, Fig. 7(b). The frequency
scale, Fig. 7(c), shows decreasing
frequency going from left to right,
which appears to be the result of
the change in custom of labelling in
frequency rather than wavelength.
The WS 17 receiver is a simple onevalve super-regenerative type. The
wavemeter is needed in order to set
the transmitter to a specified frequency, using a lamp as an indicator, and was itself calibrated from
time to time by means of the more
accurate Wavemeter Sub-standard
UHF No 1 [4].
Another simple absorption
wavemeter, used by the Army in
connection with Searchlight Control, is shown in Fig. 8.
The BC-221 (SCR-211) is an
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Fig. 6

Calibration graphs for two Class C No. 1 wavemeters

American design of heterodyne
wavemeter [6] which was extensively used by the British Army,
and in use by many others for
many years, Fig. 9(a). It has two
ranges: 125kHz to 2MHz and

Fig. 7(a) WS 17

Fig. 7(b) Wavemeter of the WS 17

Fig. 7(c) Frequency scale of wavemeter for WS 17 (note reverse frequency
direction)
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Fig. 8

SLC absorption wavemeter

Fig. 9 (a) SCR-211 wavemeter
front panel

Fig. 9 (b) SCR-211 wavemeter calibration book

2MHz to 20MHz, and contains a
1MHz crystal for calibration. It is
still popular in the amateur radio
community. Note that SCR denotes
a complete system (e.g. ‘set, complete radio’ and BC denotes ‘basic
component’. Both designations are
in common use for this wavemeter.
Confusingly in this case, the SCR
number is 211 and the BC number
is 221.

After calibration, an extensive
‘calibration book’, Fig. 9(b), must
be used when making the actual
measurements of frequency: the
user has to look up the dial setting for a given frequency to be
measured and adjusts to get a zero
beat. To set a transmitter output
frequency, that means adjusting
the transmitter, and to measure
a received frequency, that means
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adjusting the wavemeter dials. The
main dial can be read to a precision
of five digits (Fig. 10), and the reading is linked to actual frequencies
by looking up in the book. Each
BC-221 has its own unique calibration book, which is therefore not
interchangeable, and they had to
be individually printed for each
wavemeter.
The internal variable frequency
oscillator (VFO) is adjustable from
125kHz to 250kHz on the low
range and 2MHz to 4MHz on the
high range.
Harmonics of the internal variable frequency oscillator are used:
on the low range, the 2nd, 4th and
8th, and on the high range, the 3rd,
4th and 5th. For example, to set a
transmitter to 13.5MHz, the VFO
may be set to either 2.70MHz
or 3.375MHz using the calibration book, and the transmitter
frequency adjusted for zero beat
from the SCR-211 audio output.
This procedure relies upon being
able to set the transmitter near to

Fig. 10

the required frequency using its
own calibration: otherwise, beats
with inappropriate harmonics can
result in gross errors! In the case
of uncertainty, the recommended
practice was to first use an absorption wavemeter to get an approximate measurement.
In the case of a very weak received signal, an aerial may be
attached to the SCR-211, and a
sensitive communications receiver
used to tune to the SCR-signal and
the received signal being measured. The receiver output then
provides the beat signal between
these two. Later designs, continuing through the 1950s, had a
similar appearance but extended
the upper limit of the frequency
range – up to 1GHz in the case of
the AN/URM-32.
The Class D Wavemeter No 1
(Fig. 11) is a British Army heterodyne wavemeter (also called
‘corrector, frequency’), fulfilling a
similar role to the SCR-211 but covering a more restricted range, 1.9

Reading the dials of the BC-221, showing the precision achieved [6]
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Fig. 11 The Class D wavemeter, No.1

to 4MHz and 4 to 8MHz. Like the
SCR-211, it has a 1MHz crystal, but
is of much simpler construction,
using only a single triode hexode
(ARTH1) valve, and operates from
a 6V battery. An internal vibrator is
used for the valve high voltage rail.
Accuracy is of the order of ±2 kHz.
The Class D Wavemeter
No 2 (Fig. 12) is a much superior
instrument to the No 1 version,
covering a wider frequency range,
from 1.2 to 19.2 MHz in four bands,
and providing greater accuracy.

The No. 1 version was available from 1942, and the No.2 was
introduced at the end of World
War Two. It can be used as an
absorption wavemeter as well as
a heterodyne wavemeter, and can
be used with a mains a.c. supply as
well as a 12V battery.
The other wavemeters described all use the audible beat
frequency for adjustment, but the
Class D No 2 provides in addition a
magic-eye tuning indicator (CV 51/
Y65) for use in the absorption
mode (see Appendix I). In addition there are three identical triode
hexode valves (ARTH2 / ECH35)
as well as the full-wave rectifier
6X5G valve (CV 572) used with the
mains supply.
In absorption mode, the signal
to be measured is loosely coupled
to an adjustable resonant circuit,
and the output detected by the
magic-eye. At resonance the shadow angle is a minimum, enabling
the frequency to be read from the
scale at this condition. A strong
signal (one volt or more) is needed
for operation.

Fig. 12 The Class D wavemeter, No 2
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For weaker signals or for setting
the frequency of a transmitter, the
heterodyne method has to be used,
using headphones instead of the
magic-eye.
The wavemeter has two oscillators in addition to the 100kHz
crystal oscillator, a ‘main oscillator’
covering 1.2 to 2.4MHz, and a ‘variable frequency oscillator’ (VFO)
covering 1.8 to 1.9MHz. The VFO
is mixed with the 100kHz oscillator giving a series of harmonics at
100kHz intervals, and as the calibrate dial goes from 0 to 100 (in 0.5
steps) these harmonics move over
exactly 100kHz. One of them can
therefore always be made to give a
zero beat with the main oscillator.
The main oscillator gives the first
two digits of the frequency, and the
VFO provides the next two digits,
and from the two, a precision of
500Hz is provided (Fig. 13).
Range 1, 1.2 to 2.4MHz, uses the
fundamental of the ‘main’ oscillator. Range 2, 2.4 to 4.8MHz uses
the second harmonic, Range 3, 4.8
to 9.6MHz, the fourth and Range 4,
9.6 to 19.2MHz the eighth.
For example, to accurately measure a signal known to be about
8.5MHz and of 100mV amplitude,

Fig. 13

the absorption mode and magic eye
cannot be used, because the signal
is too weak. The wavemeter must
be switched to Range 3: adjust
the main oscillator to get zero beat
(which must occur between 2.1
and 2.2MHz because the fourth
harmonics are 8.4 and 8.6MHz).
Next, switch to ‘CALIBRATING OSC’
position, and adjust the 0-100
calibrate dial to get a zero beat.
Suppose that this occurs at 31.5.
That means that the main oscillator has been set to 2.1315MHz so
the frequency being measured is
8.526MHz.
As a further example, suppose
that a transmitter is to be set to
12.936MHz. The main oscillator
needs to be set to one eighth of
this, e.g. 1.617MHz. Initially, in
the ‘CALIBRATING OSC’ position,
the main oscillator is tuned for zero
beat (which will occur just above
1.6MHz) with the dial set to 17.
On switching to the ‘HETERODYNE
W/M ’ position and Range 4, the
wavemeter produces the required
1.617MHz signal and the transmitter is tuned for zero beat.
Because of the risks of audible
beat frequencies between unintended signals and thus making

The two scales of the Class D wavemeter, No 2
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substantial errors in the measurements, the user instructions
recommend also making a checkmeasurement in the absorption
wavemeter mode whereever possible, to reduce the likelihood of
such errors.
Two versions of the Wavemeter
No. 4 are shown in Figs. 14(a) and
14(b). These were Marconi Instruments designs (TF 643), and are
labelled accordingly. They provide
accurate coverage of the range
20-300MHz in four ranges, using
plug-in coils for the ranges. They
were, confusingly, called UHF
wavemeters, since the present
nomenclature where UHF means
300MHz to 3GHz had not yet been
adopted.
The Mk.3 illustrates a common

Fig. 14(a)

requirement of such wavemeters: stickers on the case to warn
against opening up the wavemeter, and placed to detect such an
action. The ‘normal’ practice of
opening up military radio equipment to replace valves or try to
correct minor faults needed to be
strongly discouraged, because this
would be likely to spoil the careful
calibration of the wavemeter done
under laboratory conditions. This
particular sample has the words
“DISTURBING THIS SEAL INVALIDATES
CALIBRATION”.
Because of the frequency drift
that temperature variation could
cause, user manuals often recommend that the wavemeter should
not be used within half and hour
of being switched on.

Wavemeter No. 4, Mark 2
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Jamming enemy transmissions
The WS 16, introduced in 1940,
intended for narrow-band jamming of enemy transmissions in
the 0.86MHz to 7.6MHz range,
can be considered as a kind of
wavemeter. The sensitive receiver
is tuned to the enemy transmission
and then the heterodyne wavemeter process used to transmit a
strongly-modulated 1.5kW jamming signal on exactly the same
frequency [4].
Naval and RAF Wavemeters
The Navy and the Air Force
needed wavemeters for similar
reasons to the Army, but had particular requirements to support the
rapid development of radar sys-

tems, for which new radars were
being developed and installed at
a tremendous rate, and to support
higher-frequency radio communications.
By the early years of World
War Two, naval requirements had
increased substantially. Moore
lists the typical radar equipment
of a 1944 battleship, comprising 13
sets, with frequency ranges from
87MHz to 3.53GHz [7]. When
HMS Vanguard was completed in
1946, the number had increased
to 18, and the upper frequency
increased to 9.650GHz. The developments to higher frequencies
were driven partly by a need for
smaller, rotatable antennas, and
by the need to detect submarines
on the surface (for example, to
detect a periscope at a significant
distance requires a very high fre-

Fig. 14(b) Wavemeter No. 4, Mark 3
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quency radar).
Fig. 15(a) shows a typical RAF
wavemeter, the W1191, which
covers 100kHz to 20MHz in eight
ranges, with an accurately-calibrated scale. The W1191A is
similar but uses a calibration chart
(book), and the scale is simply
calibrated 0-100, as shown in Fig.
15(b). A 1MHz crystal provides a
calibration check. Presumably the
simpler scale of the W1191A was to
ease the manufacturing process,
putting total reliance on the calibration chart.
The main oscillator uses the
triode of a VR82 triode-heptode
forming a Hartley oscillator, having a continuously variable capacitor connected to the tuning
scale illustrated, and with different tapped inductors switched in
for each range. The heptode acts
as mixer for the input signal and
oscillator. Three more triodes provide a detector, audio amplifier and
the crystal-check oscillator.
Another RAF example, the
W1646, used for setting radar
transmitters in bomber aircraft, is
shown in Fig. 15(c). It has a magic
eye indicator, and covers 18MHz to
87MHz in three ranges.
The W1631A (also called Test
Set 272A), called a crystal-checked
heterodyne wavemeter, covers
15MHz to 3500MHz. Operation
is based on two quartz-crystal
oscillators, at 100kHz and 1MHz,

driving a pulse amplifier to generate harmonics, in conjunction with
three other oscillators. Overall this
requirs 15 valves. To compensate
for temperature variations, there
is a front-panel adjustment for the
operators to specify the ambient
temperature of the wavemeter,
alongside a thermometer fixed to
the panel. The adjustment has
a calibrated scale from 20º C to
70º C (though the survival of an
operator at the upper end of this
range seems unlikely!)
An account of the many Navy
and Air Force wavemeters would
require a separate paper. What is
remarkable is the huge number of
different models which were designed and deployed in the years
just before and during World War
Two. Some Air Force wavemeters
were specified for ground use only,
and could not have been used reliably in the unsteady and vibrating
environment of a World War Two
military combat plane.

Fig. 15(a) Wavemeter W1191

Fig. 15(b) Tuning scale of W1191A

Availability of Crystals and the end of the
line for wavemeters
The possibility of using quartz
crystals for accurate oscillators was
known from the mid 1920s, and in
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Fig 15(c)

Wavemeter W1646

the years leading up to World War
Two, the U.S. Signal Corps was
considering the merits of adopting
crystals for military radios [8,9].
This offered the attractions of ease
of tuning and absence of frequency
drift. However, a continuouslyvariable master oscillator provided
complete choice of transmission
frequency, whereas a crystal based
system could work on only a few
pre-determined spot frequencies
(often, with the technology at that
time, one crystal was needed for
each frequency). The arguments
against using crystals were the lack
of availability of sufficient quantities of the required type of quartz,
which mostly had to be imported
from Brazil, doubts that manufacturing industry could meet the
demand if there were to be wide
adoption, and some operational
fears that the enemy might find
it easy to jam all the frequencies

available. With continuous tuning,
the radio operators could adjust
the transmitter frequency to avoid
narrow-band jamming. It may be
that the ‘de-skilling’ of operators
implied in the use of easily-tuned
receivers was an additional factor.
The move to v.h.f. and f.m. for
military radios was happening at
the same time in USA, although
for that the British lagged behind.
It represented a substantial risk
at the time, but the decision was
finally taken to adopt the crystal
control method for the U.S. Signal
Corps, so reducing the need for
wavemeters.
It also became more usual for
continuously-tuned systems to
incorporate crystals for calibration, providing marker-signals at
various ‘spot’ frequencies. For
example the R210 receiver, which
is a late 1950s design in the ‘Larkspur’ range for use with the C11
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transmitter, contains a 100kHz
crystal oscillator with a doubletriode multivibrator to create
10kHz harmonics, and provides
check points at 100kHz intervals
and 10kHz intervals across the
whole 2MHz to 16MHz range of
the receiver.
F r e q u e n c y d i sc r i m i nators and counting
methods
The discriminators used in
f.m. receivers convert frequency
to voltage, and therefore, in principle, provide a means of measuring frequency. However, those
normally used in radio receivers
(Foster-Seeley, Ratio, etc.) have a
limited bandwidth, and would not
be useful for accurate frequency
measurement, although they are
sufficient for use in error-operated
automatic frequency control applications.
Pulse counting discriminators,
initially used in low frequency
f.m. telemetry data-links, can provide the linearity and bandwidth
needed for accurate frequency
measurement. The basic concept
is to convert each waveform-period
into a short, fixed-area pulse. The
average value of the resulting pulse
waveform is then linearly proportional to frequency. This provides
a basis for an analogue frequencymeasuring instrument.
Using a digital counter, periodically set to zero,
provides a much more
accurate and versatile
method.
Fig. 16 illustrates the
principle: the unknown
frequency is fx, and fN
is an accurately known
standard. The counter
is initialised to zero,
the switch is closed for
exactly one period of
Fig. 16
the control frequency

divided by n. While closed, the
number of periods of the unknown
is counted, and so when the switch
opens, the counter stops, containing a number C which is proportional to the unknown frequency
(with a possible error in the count,
since an exact number of periods
may not fit into the time that the
switch is closed).

fx =

C × fN
±1
n

For example, suppose that fN
is 100kHz, and n = 5. The switch
shuts for 50 ms and if the input
frequency is 3.756MHz, then there
will be 187 complete periods to
pass through the closed switch.
That will be the count C, and so
the measured frequency will be
3.74MHz. The error arises because
the closure period is short: by increasing n, and hence by increasing
the measuring time, the error may
be correspondingly reduced.
A widely used instrument (now
characterised as obsolete by its
manufacturer) which became
available three decades after the
end of World War Two, is the HP
5328A Frequency Counter. It provides frequency measurement up
to 500MHz, and has a resolution
of 0.1Hz. The timebase is derived
from a 10MHz crystal oscillator
in a temperature-controlled oven.
The contrast between this complex

Frequency-counter principle
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instrument and a simple absorption wavemeters of the 1930s and
1940s is notable.
D i g i tal P h ase - loc k
loops
By including a programmable
divider in a digital phase-lock loop,
multiples of a reference frequency
are available from a single crystalcontrolled clock. The reference
frequency may be obtained by
programmable division of the clock
frequency fclock, which enables an
output frequency fx given by

f x = f clock ×

N
M

to be obtained, where N is the division in the phase lock loop, and M
is the division of the crystal clock.
Frequency synthesisers now
The need for wavemeters to set
or check transmitter frequencies
and calibrate receivers is now almost unnecessary, given the availability of accurate crystal clocks
and frequency synthesisers using
one clock. A virtually unlimited
number of channels can be derived
using a single accurate crystal-

Fig. 17

oscillator.
As an example requirement,
an Aircraft VHF radio to comply
with the ACARS standard covers
118-137MHz, with a channel spacing of 8.33kHz (providing 2280
channels) or 25kHz (providing 760
channels) and these are typically
provided by a synthesiser with a
stability of ± 0.005 percent.
The very widely used British army transceiver in the now
obsolescent Clansman range, the
PRC-320, designed by Plessey,
covers the h.f. range up to 28MHz,
and can set the frequency in 100Hz
steps, using separate dials for each
digit, and with a minimum of operational controls (Fig. 17). The
transmitter provides 3W output
in low power mode and 30W in
high power mode, with C.W. and
single-sideband operation. Various
versions have been widely used in
many countries and it is still very
popular with radio amateurs.
Modern military frequencyhopping transceivers such as the
Codan 2110M are totally dependent on fast and accurate frequency synthesisers. The 2110M
covers 1.6 to 30MHz, with 1600
channels, and can make up to 25
hops per second.

PRC-320 Army Transceiver
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Conclusions
Wavemeters were essential
instruments to support military radio communications before, during
and for several years after World
War Two, when frequency drift
and inaccurate frequency control
were normal features of transmitter and receiver equipment, and for
the management of the interception and interpretation of enemy
communications. Care and skill
was needed to use them successfully. The introduction of crystal
control progressively reduced
the need for wavemeters, and the
associated skills almost disappeared, culminating in the almost
universal provision of accurate
frequency-synthesiser based systems. Except for modern and very
different wavemeters for setting
up laser and optical systems, the
wavemeters of the 20th Century are
now essentially obsolete, historical
artifacts. However, they remain a
tribute to the skills and ingenuity
of many designers and engineers,
few of whom are individually remembered. Fortunately many of
these wavemeters are preserved in
military and other museums and
some of their design documents
and user manuals can be found in
national archives.
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Appendix I
Magic-Eye tuning indicators
Some of the higher priced domestic radio receivers of the 1930s
had a magic-eye valve to assist
tuning. This was driven from the
automatic-gain-control voltage,
and allowed more accurate setting of frequency by showing the
signal strength on a miniature
green fluorescent screen, using a
similar principle to the cathode ray
tube, built in a similar format and
size to a radio-receiver valve of the
time. Magic-eyes were also used as
tuning indicators in some of the
early domestic post-war broadcast
receivers with a v.h.f / f.m. band.
Fig. 18 illustrates the general appearance of the display.
The magic-eye provides an alternative to using headphones or
a moving-pointer indicator, and
is used in the Class D Wavemeter
No. 2 for the absorption mode and
in several RAF wavemeters including the W1646.
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Fig. 18
Illustration of Magic-Eye
shadow pattern: increasing signal
from left to right
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Father Archibald Shaw Australia’s “Wireless
Priest”

2012 Graeme Bartram

ABSTRACT
American readers
may be familiar with
the stories of Father
Joseph Murgas, who
pioneered wireless
telegraphy in WilkesBarre, PA,1 and perhaps
even that of the Brazilian Father Roberto
Landell De Moura.2 Less
is known about another
‘wireless priest’, Father
Archibald Shaw, who
played an important
role in the establishment of wireless telegraphy in Australia.3 This
paper traces the emergence of Father Shaw as
an entrepreneur in the
field of wireless, how he
built the first large scale
wireless telegraphy station in Australia and
went on to establish the
country’s first wireless
manufacturing works.
By shrewd management
of the press and the
cultivation of Government relations Father
Shaw found himself in
a pre-eminent position
in wireless telegraphy
by July 1911. Beneath
this were a tangle of
financial arrangements,
accusations of the theft
of others’ ideas and
a strained relationship with the Catholic
Church.

Early Life
Archibald John Shaw did not start out in life
with a technical career in mind nor did his family background suggest such a path. His early
life was just about surviving. Born in 1872 in the
gold mining town of Adelong in southern New
South Wales, Archibald was the son of the local
publican, Charles Shaw, who ran the Adelong
Hotel. Adelong had seen better days, with the
heady years of the 1850s alluvial gold rush well
behind it. Charles died in 1876, probably from
the effects of alcoholism4, leaving a young wife
and five children.5 When Archibald was 8 his
mother Catherine also died, resulting in the five
Shaw siblings being raised by relatives. By all
accounts it was a difficult life, with his brother
Charles being charged with breaking and entering a local store at the age of 146, and Archibald
himself scratching out a living in the ‘timber
country’ for the first 19 years of his life. Such
physical work would have been challenging, as a
childhood operation
had left Archibald
with a permanent
limp that he carried
into his adult years.7
In these circumstances the Catholic
Church offered more
than just salvation to
many like Archibald
– it also offered
the path to a better
life. In about 1891
Archibald enrolled
in the Congregation of the Passion,
based in Goulburn, a
town 130 miles east
of Adelong. At the
same time he may
have also gained Figure 1 – Father Archibald
some exposure to John Shaw
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telegraphy operations working at
the Goulburn Post Office.8
By February 1894 Archibald
had arrived at Yule Island in what
was then British New Guinea with
a group of Missionaries of the Sacred Heart (hereafter MSC)9 where
he acted as a lay-missionary and it
was here that he first commenced
his studies for the priesthood in
1896, taking on the name Brother
Placid.10 The Yule Island Mission
had been established in 1885 and
was led by Father Louis-André
Navarre, a French-born priest who
had a limited command of the English language.11 Navarre came to
rely on Shaw as his translator and
personal secretary.12 Indeed Father
Navarre held Shaw in high regard,
referring to him as “one of the most
shrewd, clear-sighted, pious and
zealous men I have on the Mission”13 and was disappointed when
Shaw returned to Sydney in 1897
to complete his seminary studies.14
Father Shaw was to later retell a
story about his New Guinea experience that would shape his initial
interest in wireless telegraphy. He
told a story that whilst based in
New Guinea he had the experience
of a neighbouring mission station
only a few miles away had been
“completely wiped out by the savages.”15
Upon his return to Sydney,
Shaw commenced more formal
studies for the priesthood in 1898
under the tutelage of Father Gsell,
a French member of the MSC who
arrived in Australia in December
1897 and became the Procurator
for the Mission in New Guinea.
After only 18 months seminary
training Archibald Shaw became
the first Australian-born MSC to
be ordained into the priesthood
on 5th June 1900. His first work
as a priest was to act as Chaplain
for soldiers camped at the nearby
Randwick Race Course before

they departed for the Boer War in
South Africa. Father Shaw himself
was then made Procurator for the
Missions in 1900 which was responsible for the provisioning and
capital expenditure for the island
missions in New Pomerania, New
Guinea and the Gilbert Islands.
The Procure was responsible to the
MSC in France and Rome for the
funding and development of the
island missions.
In 1907 a separate house was
purchased for the Procure, which
was also used as a sanatorium for
sick missionaries. The property,
a substantial Victorian home in
the Italianate style, still stands in
Dutruc Street Randwick, and was
known as ‘Ascot’. A French missionary with experience in New
Guinea, Father Guis, was put in
charge and Father Shaw was made
his assistant. A second property,
‘Archina’ in adjacent Avoca Street
was also held by the MSC. The two
properties backed on to each other.
T h e E stabl i s h me n t
of the Shaw Wireless
Works
Funding the MSC Procure was a
constant struggle. As Procurator of
the Missions, Father Shaw needed

Figure 2 – ‘Ascot’
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to generate cash to support the
ongoing work in the Pacific Islands.
Initially he pursued many avenues,
including the sale of his own art.16
The Catholic Church owned substantial holdings of land adjacent to
the Procure properties ‘Ascot’ and
the adjoining property of ‘Archina’.
One option was to sell or lease the
land to fund the Missions. When
sale of the land was ruled out by
the MSC, another option was the
erection factory premises on the
site and leasing them. In early
1910 Father Shaw had also begun
to draw a plan together involving
a few key individuals who had
separately developed expertise in
wireless telegraphy.
Father Shaw had recently become acquainted with Edward
Hope Kirkby who was a remarkable
individual. A watchmaker by trade,
by the late nineteenth century he
had become a prolific inventor of
fire alarm systems, automatic tolling mechanisms and timekeeping
devices. From his workshops in
Williamstown, Victoria, Kirkby had
even repeated Roetgen’s x-ray experiments some months after that
discovery had been announced to
the world and had installed a machine at the local hospital.17 When
Edward Kirkby left Williamstown
in September 1901 to do business in
the neighbouring city of Melbourne
his credentials in wireless telegraphy were already established, as

Figure 3 – ‘Archina’

Figure 4 - Edward Hope Kirkby

this extract from a contemporary
testimonial shows:
“Nothing appears to come amiss
to him in this line, whether it be
displaying the X-rays, manipulating a gramophone or the limelight
apparatus, or even the higher
flights of wireless telegraphy.
And this knowledge he did selfishly appropriate to profit making,
but whenever invited would with
avidity exhibit it at various public
entertainments. Such exhibitions
were considerably added to by the
fact that, although not posing in
the slightest degree as a lecturer, he
was capable not only amusing but
[also] instructing by lucid explanation. (emphasis added)”18
In Melbourne, Kirkby came to
be regarded as something of an expert in wireless telegraphy, with his
views on the new medium regularly
sought by the press, including his
opinions on wireless technology.19
About 1907 Kirkby and at least two
of his sons moved to Sydney and
later formed a business relationVolume 25, 2012 103
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ship with Wormald Brothers, who
sold fire alarm systems. Father
Shaw and Edward Kirkby had
met at the Randwick Racecourse
in Sydney, which was close to the
Procure. Kirkby was the honorary
timekeeper at the Racecourse and
Father Shaw a frequent visitor
interested in horse racing.20 Initially Kirkby utilised Shaw’s factory
premises for the manufacture fire
alarm systems. More importantly,
his presence at the factory meant
that Shaw had direct exposure to
an individual with both extensive
amateur wireless and manufacturing experience.
Father Shaw dated his own first
practical experiments in wireless
telegraphy from April 191021, which
seems to coincide with his earliest
contact with Kirkby. By that time
Edward Kirkby was already active
in amateur wireless in Sydney, having conducted an important demonstration for military authorities
on the southern outskirts of the city
over the Easter weekend of March
1910.22 Kirkby was well-known for
his wireless knowledge, with further demonstrations taking place
in Sydney at both the United Services Institute and the Insurance
Institute later in 1910,23 having
earlier demonstrated a wireless
telegraphy system to Alexander
Graham Bell during a visit to Australia which Bell had described as

Figure 5 - Early photograph of Wireless Works showing Kirkby designed
fire alarm boxes in the background

“equal to any in the world.”24
Another wireless amateur accompanying Kirkby that Easter
weekend for the military demonstration was the Englishman
Reginald Wilkinson, who was to
form a close working relationship
with Father Shaw over the ensuing

Figure 6 - Edward Kirkby (right) demonstrating his wireless apparatus to
Alexander Graham Bell

few months. Reginald Wilkinson
was born in Cambridge, England
in 1888 and had arrived in Australia via the Canadian goldfields,
claiming to have had exposure to
wireless telegraphy on both continents.25 At the time the two men
met Wilkinson had been travelling Australia demonstrating in
theatres throughout the country
a method of transmitting pictures
over telephone wires.26 By April
1910 he had refined his invention
to include the transmission of portraits by wireless.27
At the end of June 1910 the
press were carrying detailed reports of the wireless experimental
work being undertaken by Shaw
and Wilkinson at Randwick describing a primitive wireless room:
“Father Shaw was encountered in an outhouse in the garb
of a mechanic. A peculiar odour
pervaded the room, which was
littered with machinery and electrical appliances. There was the
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whirr of a lathe which the priest
had just left. A young man worked
at a bench with piles of coils in
front of him, and another young
man stood with a receiver over his
ears before a collection of curious
instruments at the end of a room
where, through an open window, a
couple of wires ran out to the aerial
in the garden…” 28
At this stage they had only
been able to transmit messages
250 miles but had received signals
from Western Australia and from
the R.M.S. Makura in Suva Fiji.
However equipment was under
construction for transmission distances of up to 1,500 miles.
In a letter to the MSC in France
Father Guis traced the development of Shaw’s interests in wireless during the course of 1910, particularly in relation to the involvement of Wilkinson and Kirkby. The
first steps involved a series of trials
conducted with a “young electrical
engineer” who also tutored Shaw
in the theory of wireless for 3 or
4 hours each evening.29 This was
possibly Wilkinson. As the result of
successful trials a substantial timber wireless mast of some 130 feet
in height was erected at the Randwick site using donated timber.
Unfortunately this timber mast
was destroyed in a storm and a decision was made to replace it with
a proposed 140 feet steel structure.
The commencement of this second
phase of wireless construction coincided with Kirkby’s occupation of
the factory premises at Randwick,
leased at a cost of £2 per week. This
rent was intended to pay the cost of
the construction of the workshops
and would eventually cover the
outstanding debt on a steel wireless mast (estimated at £40). 30
Kirkby was directly involved in the
design and construction of the new
wireless mast. The arrangement
had distinct advantages for Kirkby

– it gave him factory premises to
manufacture fire alarm equipment
plus the opportunity to potentially
manufacture wireless equipment.
Correspondence from Father
Shaw to the Church on 6th May
1911 supports Father Guis’ recollection and puts Edward Kirby’s
critical role in the establishment
of the wireless works beyond any
doubt.31 In the letter to the Church,
Shaw outlined how the wireless
works was established, crediting
Kirkby as the driving force behind
its creation:
“I was working on wireless
and had not [the] tools to make
the instruments I needed. I went
to an Electrical Engineer an old
friend of mine Mr Kirkby who had
a shop with his three sons. They
were earning their living making
electrical instruments. He too was
working on wireless but had no
success on a place to put up an
“aerial”. He said he’d gladly make
up the instruments I needed if I
would help him and let him work
with me at night. I designed the
instruments and he made them
up. In time success crowned our
efforts. Kirkby then asked my
consent to make up these instruments for public use and if he sold

Figure 7 - Randwick Wireless Masts
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any I would get half the profit. He
also asked us to rent him a corner
of our land and he would put up a
shop and pay rent… the shop was
a simple affair and costing only
£61 to build decided to build it
ourselves and get £2 a week rent.”32
The third person to move into
Father Shaw’s orbit in early 1910
was the American Marion A. Mulrony, who had arrived in Australia
in December 1909 as the wireless
operator aboard the R.M.S. Makura.33 This ship was newly fitted in
Vancouver with equipment from
United Wireless in the U.S. As a native of Washington State, Mulrony
was trained by United Wireless
on state of the art wireless equipment.34 Mulrony worked closely
with both Shaw and Wilkinson on
a number of wireless telegraphy
distance tests, usually involving
transmissions from the R.M.S.
Makura that were monitored from
Shaw’s base station in Randwick.
For example, in April 1910 Mulrony claimed a record transmission
from the R.M.S. Makura of 2,080
miles to North Vancouver.35 On
another occasion Father Shaw and
Wilkinson reported an Australian
wireless record in July 1910 when
they received the result of the
Jeffries-Johnson fight in Sydney
via Mulrony aboard the R.M.S.
Makura 17 minutes after it had
concluded in Reno Nevada.36 Notably, whilst the press focussed on
Father Shaw’s role in the records,
it was actually Mulrony who was
setting them aboard the R.M.S.
Makura.
By June 1910 Father Shaw had
therefore assembled the expertise
he needed to commence on a set
of more ambitious wireless plans.
In Kirkby he had the engineering
skills, manufacturing experience
and self taught wireless expertise,
in Wilkinson the exposure to both
U.K. and U.S. wireless telegra-

phy systems, and in Mulrony an
understanding of the latest wireless telegraphy developments via
United Wireless. The next step was
to move from an amateur wireless
facility to a more commercially
based operation which included
the capacity to manufacture wireless equipment.
All three men appear to have
been working closely with Father
Shaw on wireless in mid 1910 on a
collegial basis and prepared plans
for the construction of a wireless
plant (as they were then termed)
which would have a 600 mile
radius of continuous communication.37 Shaw claimed that the first
commercial high frequency radio
experiments commenced in August 1910 from the site using an
alternator secured in the United
States from Kilburn & Clark by
Mulrony and modified locally
from a 120 cycle per second single
phase unit to a 300 cycle unit.38
By late October Kirkby had now
terminated his business relationship with Wormald Brothers 39
and with his two sons was living in
church accommodation adjacent
to Shaw’s newly established factory premises. At the same time
Mulrony was formally named as
technical advisor and engineer at
the site40 and Kirkby was its Chief
Engineer.41 Activity levels were set
to further increase with the granting of a wireless telegraphy licence
from the Postmaster General’s
Department in October 1910 for a
period of 12 months.
This first phase of commercial
development culminated in the
registration of the Maritime Wireless Company, Ltd. Members of
the company were named as F.W.
Markes, Archibald G. Shaw, E.H.
Kirkby, M Mulroney (sic), Charles
Kirkby, Geo. T Stowe and George
Kirby. 42 By this time Reginald
Wilkinson seems to have left.43
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Writing in May 1911 Shaw him- lathes, electric light and the wireself attributed the formation of the less plant was generated on site.
Maritime Wireless Company to The workshop facilities, employing
Edward Kirkby :
27 men, were said to be manufac“Mr Kirkby…in his spare time turing wireless equipment as well
and out of the profits of his shop as Kirkby-designed fire alarms and
makes up my wireless instruments. other electrical equipment.46
… Kirkby was then obliged to regisSuch newspaper attention
ter his shop and he decided to form raised the interest of the Posta little Company with the engineers master General’s Department
of the shop.” 44
who had granted the licence a few
Newspaper interest in the new months earlier, prompting an imventure was high and in February mediate inspection of the site. On
1911 feature articles were being inspection they found two adjoincarried on what was now being ing premises; one containing the
called the ‘Shaw Wireless Works’.45 workshops of the Maritime WireWhat was observed on site at the less Company on the property in
Shaw Wireless Works in February Avoca Street and the Randwick
1911 was quite different from that Wireless Station on the original
which had been seen just 8 months site of Father Shaw’s first experibefore. Now touted as ‘the biggest mental station in Dutruc Street.
station in Australia’ the 250 foot The main issue identified in the
steel mast and accompanying 170 report produced by the Postmaster
foot tower alone had
taken 3 months to
erect by a leading
Sydney engineering company. Set in
large concrete pillars and insulated
to earth for 100,000
volts, the mast provided panoramic
views of the city
and Pacific Ocean.
A stone structure
containing the operating room had
been completed to
house the high frequency generator,
with hopes of 5,000
mile transmissions
being achieved. A
separate powerhouse had also been
constructed to house
a 50 horse power
gas p lan t, along
with a storage battery room. All power Figure 8 – Postmaster General’s Diagram of the
for the workshop, Wireless Works layout
Volume 25, 2012 107
AWA Review 2012.indb 107

19/06/2012 6:40:57 PM

Father Archibald Shaw
General’s Department was the gap
between the licence conditions
of up to 500 miles transmission
compared with the claims made
by Shaw that he was currently operating at distances of up to 2,400
miles.47
The expansion of the wireless
plant and factory premises would
have required substantial capital
investment. Some of this would
have come from the Maritime
Wireless Company through the
capital raising activities. Another
source was those funds originally
intended to fund the island missions that were managed by the
Procure and in particular by Father
Shaw himself. This diversion of
mission funds into capital funding for the Wireless Works was to
become a serious concern for the
MSC and would later bring Father
Shaw directly into conflict with the
Catholic Church.
Thursday and King Island Wireless Stations
Shaw’s ability to capture the
press spotlight is perfectly illustrated in his response to the attempted rescue of the Staniforth
Smith expedition in the wilds of
New Guinea in early 1911. Staniforth Smith was an Australian
Government administrator based
in New Guinea who led a hapless
expedition into the interior in
the latter part of 1910.48 By 20th
February 1911 the expedition was
reported missing.49 Father Shaw
immediately offered the use of
wireless equipment in the search
for the missing expedition, writing
to both the Department of External
Affairs and the Prime Minister
with a proposal to use 6 wireless
sets in the search.50
The Shaw rescue effort became
an elaborate one and was closely
followed by the press. Father Shaw
dismantled wireless equipment

Figure 9 – Staniforth Smith

and loaded it aboard the steamer
Mataram, along with himself and
a party of nine assistants, leaving
Sydney on 1st March 1911.51 Each
stage of the progress of the Shaw
rescue mission was reported, including details of staffing and provisioning as the Mataram moved
up the east coast of Australia,
taking on supplies in Brisbane52
and Cairns53 before arriving in the
far north of Australia at Thursday
Island to install the first wireless
station on 11th March.54 However,
whilst the Thursday Island wireless
station was under construction, the
Staniforth Smith expedition was
found without the use of wireless
at all and escorted to the island on
17th March.55 Commissioning of the
station continued and was finally
completed on 20th March 1911.56
Shaw’s efforts were praised by the
Australian Government and widely
reported57, even to the extent of
tracing the return journey of some
of Shaw’s assistants later that year
from Thursday Island.58
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Figure 11 - Wireless equipment taken
by Father Shaw for use in New Guinea

Figure 10 – Father Shaw with members of the Staniforth Smith wireless
rescue team

The next major installation undertaken by Maritime Wireless led
by Father Shaw with 11 assistants
was on King Island, a small outcrop lying in Bass Strait, midway
between the Australian mainland
and the southern Australian island
state of Tasmania. In July 1911
Father Shaw led the small team
aboard the S.S. Wauchope.59 Father Shaw’s arrival at King Island
on 16th July was unexpected, as he
had decided to fund and build the
station at his own expense after
failing to gain the interest of the
Federal Government.60 At a hastily convened reception at Parers’
Hotel in the township of Currie
to honour Father Shaw’s arrival
on King Island, he outlined the

purpose of his mission being to
establish a wireless base for communication with the Mawson Antarctic Expedition61 and to enable
King Island to become a strategic
communications point for Australian, Tasmanian and New Zealand
maritime traffic. Father Shaw was
confident that the King Island
station was commercially viable.
He was also hopeful that the King
Island station would be able to
link in with Federal Government
stations then under construction
in Sydney and Fremantle on the
Australian mainland.
Shaw intended to install wireless equipment, in addition to
that already in place at Randwick
and Thursday Island, consisting
of transmitting and receiving at
distances of up to 2,000 miles.
Two ‘conductor poles’ were to be
erected some 250 feet in height.
Construction time was estimated
to be one month, at which point
Shaw believed communications
would be established with Randwick. Two operators would be
left on King Island to operate the
station. True to his word, the King
Island was completed on time and
Father Shaw returned to the mainland one month later.
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An Australian Wireless
System
As early as June 1910 Shaw and
Wilkinson had been discussing
the possibility of an Australian
designed wireless telegraphy system.62 By February 1911 the position was being more forthrightly
stated by Maritime Wireless interests:
“As England has her Marconi
system, Germany her Telefunken
system and America her Fessenden
system, why…should not Australia
have her maritime wireless?”63
This change in stance is likely to
be have been driven by increased
commercial focus on the Australian wireless telegraphy market,
particularly by both Telefunken
and Marconi interests at that time.
Australasian Wireless, which had
won the first tender for the erection of two wireless stations for
the Government in late 1910, had
been registered as a business in
May 1910 with a capital of £5,000
to purchase the Telefunken rights
for Australasia. A new company,
The Australian Wireless Company
Limited, was formed in April 1911
with a market capital of £65,000.
Telefunken became one of the largest shareholders.64 The Marconi
Company on the other hand had
not fared well up to 1911 and had
been beaten in successive tenders
in both Australia and New Zealand. In May 1911 Ernest Fisk had
arrived in Australia to represent
Marconi Company interests. By
July 1911 Fisk had written to the
Government on the issue of protection of Marconi patent rights.65
The Australian Federal Government for its part had vacillated on
wireless telegraphy policy for a decade, calling for, then abandoning,
tenders for the erection of stations
on a number of occasions. 66 In
1908 for example Government tenders were called for the erection of

five coastal stations, only to result
in all six tendering parties being
rejected. The first clear statement
of Federal Government policy only
came in what was known as the
Henderson Report, initially issued
in late 1910, which advocated that
the erection, maintenance and
control of the stations should be a
government monopoly operating
as a branch of the Post Office.67
Father Shaw’s response to this
changing commercial environment
was twofold. His initial response
was a legal one – he documented
the wireless telegraphy developments that had taken place at the
wireless works in a series of patents which were attributed to him.
These patents, lodged in July 1911,
covered what was later claimed to
be the Shaw System of Wireless
Telegraphy.68
Father Shaw was to later claim
that the distinguishing feature
of his wireless telegraphy system
was the use of a 500 cycle rotary
converter coupled to an air blast
spark gap.69 In designing the rotary converter Shaw sought the
assistance of Kilburn & Clark in the
United States, who “after no less
than 4 attempts and [a] long series
of experiments, finally manufactured a machine which came up
to the requirements. This was the
first successful and practical 500
cycle rotary converter ever manufactured for commercial radio
telegraphic use.”70
The second change was substantial and involved the recapitalisation of the company, changing its’ name and with significant
subscriber turnover. In September
1911 Maritime Wireless became
The Maritime Wireless Company
(Shaw System) Ltd with largely
new subscribers apart from Shaw
and Mulrony. Capital value of the
new company was set at £30,000
with shares having an opening
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value of £1 each. Importantly the
Kirkbys’, who had played such a
key role in the development of the
wireless works up to this point,
were gone. Shaw had swept away
the remaining wireless amateurs
and Mulrony was installed as the
Manager of the wireless works.71
The name change in the company
now reflected how central Father
Shaw had become to its public
identity and recognition.
Kirkby in particular has been
given insufficient credit historically for the role he played in training
Shaw in wireless telegraphy, establishing manufacturing facilities at
the Randwick site, designing wireless apparatus, establishing the
first Maritime Wireless Company
and nursing the wireless station
operations at Randwick through
its first 12 to 18 months of life. His
premature departure from the
company in1911 has meant that his
contribution to Australian wireless telegraphy has been largely
overlooked.
In parallel to Shaw’s changes,
in June 1911 the Federal Government appointed the British-based
Australian expatriate John Graeme
Balsillie72 to undertake the role of
Commonwealth Radiotelegraphy
Engineer, who would be responsible for the establishment of a
coastal network of wireless stations around Australia. Soon after
his arrival back in Australia in
September 1911 Balsillie outlined
what he called his proposed ‘policy’
on wireless telegraphy which in
essence said
1. absolute control in radiotelegraphy was vested in the
Post Master General, and
that radio-telegraphy be
recognised as a Government
monopoly
2. wireless should be under the
administration of the Post

Master General’s Department as a separate branch
3. all apparatus, where possible, be manufactured in
Australia
4. a factory was to be erected
or purchased to manufacture all parts of the apparatus necessary for the
scheme.
Father Shaw could have reasonably assumed that he had
positioned Maritime Wireless to
capture lucrative Government contracts for the design and manufacture of wireless equipment for the
remaining coastal wireless stations
not already under contract with
Telefunken interests represented
by Australian Wireless. What Shaw
could not have anticipated was that
another Australian had his own
ideas about an Australian wireless
system – that person being Graeme
Balsillie.
On his first visit to Sydney in
September 1911, Balsillie had the
opportunity to inspect the wireless works and observe the Shaw
System in operation.73 He thought
the wireless works were suitable
for the manufacture of equipment
but would later say that he was not
convinced that the Shaw System,
and in particular Shaw’s patented
spark gap, offered any real advantages to the Government.74
Expansion of the Wireless Works
The awarding of the Federal
Government contracts led to a
further expansion of the wireless
works to meet an onerous construction schedule set by Balsillie.
The initial Federal Government
contract, issued on 15 th March
1912, 75 provided that Maritime
Wireless undertook to manufacture and supply the Postmaster
General’s Department, four sets
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of radio apparatus at the price of
£575 per set. At the end of 1912
Mulrony, now General Manager,
held a dinner to celebrate the first
anniversary of the new company.76
Newspapers regularly carried advertisements for positions vacant
at the wireless works, ranging from
tracers to machinists to tool and
dye makers.77
By July 1914 Maritime Wireless employed some 122 men78,
including a management structure
with Mulrony at the head and departments covering punch press,
tool room, power house, foundry,
electrical, machine shop and wireless room activities. It was often
said that the wireless works was
the only place a young man could
go to learn the trade of wireless.79
To meet demand Maritime
Wireless was recapitalised in July
1913 by the creation of an additional 20,000 £1 shares, taking
total capitalisation to £50,000.80
The company was also given a
12 month option to purchase the
house and land in Dutruc Street
for £2,80081 in August 1913.
Balsillie’s construction schedule
was extremely demanding. In 1912
stations using equipment manufactured at the wireless works
were commissioned in Melbourne
(February), Hobart (April), Brisbane (September) and Adelaide
(October). For 1913 stations were
built at Thursday Island and Port
Moresby (February), Mount Gambier (March), Geraldton and Rockhampton (May), Cooktown (June),
Townsville and Broome (August)
and Flinders Island (October). The
programme was completed with
the commissioning of Roeburn
(January 1914) and the last station
was Wyndham in Western Australia (May 1914).
Whether Maritime Wireless
had cut corners to meet Balsillie’s schedule was the subject of

FIGURES 12 - 20 - SHAW

Figure 12 - Foundry

Figure 13 - Heads of Departments

Figure 14 - Machine Shop

Figure 15 - Making Motor Generators
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WIRELESS WORKS STAFF

Figure 16 - Power House

Figure 17 - Punch Press Department

Figure 18 - Radio Room

Figure 19 - Electrical Department

later debate. Samuel Marr, an
instrument maker and mechanic
employed at the wireless works,
was to later allege that nameplates
from both Leyden jars made by
the Wireless Speciality Company
of New York and rotary spark
converters made by Kilburn &
Clark in the United States had
been ground off by Maritime
Wireless during the production of
equipment in November 1912 to
make them appear as though they
were manufactured in Australia.82
Later investigation revealed that
the Government contracts did not
state where equipment was to be
made and it was shown that locally
produced equipment was manufactured at a loss.83
Patent Disputes 84
The Marconi Company commenced court action almost immediately after the first wireless
station in Melbourne was commissioned in February 1912, demanding the right to inspect the station
to identify any potential breaches
of patent. Independently, two expert reports were commissioned
by the Government that year to
review the situation. Messrs Swinburne and Duddell both reported
in favour of what the Government
referred to as the ‘Balsillie System’
and cleared it of any potential patent infringements.85
The initial contract with the
Federal Government was unusual
by the fact that it contained a
separate indemnity, whereby any
proceedings against Shaw for the
manufacture of wireless apparatus
would be indemnified by the Postmaster General’s Department.86
This indemnity extended to both
Father Shaw personally and Maritime Wireless and covered all
costs, damages and expenses associated with a patent claim.
Father Shaw later personally
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Figure 20 - The Workers of the Shaw Wireless Works

fell out with Graeme Balsillie over
the issue of patent rights. The central issue between the two men was
the design of the spark gap used in
the Federal Government installations. Balsillie claimed that Shaw
had committed “an act of piracy”87
and that he had designed the spark
gap whilst working with Mulrony
at the wireless works in January
1912.88 Shaw was to claim that the
spark gap was already built when
Balsillie first visited the wireless
works in September 1911.89 Earlier both Kirkby and Wilkinson
had worked on a spark gap design
for the military demonstration
of Easter 1910. Later Mulrony
himself was to claim that he actually invented Shaw’s spark gap in
1910 and had shown Balsillie a
500 cycle version of the apparatus
at the end of November 1911. 90
Initially a commission of inquiry
was established to determine the
respective claims but was deferred
in November 191591 after the presiding judge stood down and it
never eventuated.

Father Shaw and the
Catholic Church
Almost from the establishment
of the wireless works the Catholic
Church had agonised over Father
Shaw’s role in the enterprise. Father Guis had identified the problem early, with correspondence of
May 1912 reflecting his struggle
to reconcile the need of the MSC
to fund the island missions with a
priests’ vow of poverty.92
Father Shaw appears to have always taken a liberal view of Church
assets – he appointed his sister
Mary Kennedy as his secretary in
August 1909,93 paid her a stipend
and she along with her daughter
lived at ‘Archina’, paid two of his
nieces’ tuition fees at a number
of exclusive Sydney girls’ schools,
owned a motor vehicle,94 and at
various times allowed Wilkinson,
Mulrony and the Kirkbys to live
at ‘Ascot.’
Upon the formation of The Maritime Wireless Company (Shaw
System) a complex set of legal arrangements were put in place by
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subscribers to shield Father Shaw
from taking any direct financial
benefit from the wireless works.
In effect however Father Shaw
took equity of 10,000 shares95 in
the business so that as the enterprise grew the absolute value of
his financial stake in the company
grew as well. Later Father Shaw
was to indicate to his superiors in
Rome that he in fact drew a salary
of £600 per year from the wireless
works.96
Significant financial issues
arose for the Church after the
awarding of the Federal Government contracts in December 1911
that had led to the rapid expansion
of the wireless works. In May 1912
Father Guis wrote two letters to
Father General Meyer in Rome on
the perilous state of the finances.
In his first letter of 14th May to Father General Meyer, Guis describes
a chaotic situation, where accounts
were simply piling up:
“all the bills, or nearly all the
bills, from the merchants and
bankers are addressed to Shaw
who is the big attraction for all
operations. He alone is well known
for many years. The bills arrive at
his home and that’s it. They accumulate, they get lost mixed up
in a mountain of paperwork. It’s
an unparalleled mess for anybody
but him.”97
The total debt position was
not known at the time, although
Guis had calculated that the Procure debt at the end of 1911 was
£2,713 alone. The ongoing strain
on Father Guis is clear from his
correspondence with the Father
General. Guis, plagued with head
fever and rheumatism, blamed
Shaw for the predicament the
Procure faced, but felt that all he
could do was “push him [i.e. Shaw]
more and more with retirement in
mind. The rare times that we have
an intimate meeting he has admit-

ted to me that he is ready to jump
at the first favourable occasion to
get out.”98 Little wonder Guis died
prematurely in 1913, leaving Father Shaw temporarily to his own
devices.
In October 1913 Father Shaw
wrote directly to Father General
Meyer, reassuring him that expert
technical reports provided to the
Federal Government by Messrs
Duddell and Swinburne strongly
supported the case against the
Marconi Company. Shaw was confident that “If the Government win
the case our shares will just double
their value and I will try to realise
for cash my own shares”99 to pay
back the funds to the missions.
At that time Shaw estimated the
assets of the wireless works to be
valued at £72,000.100 Father Shaw
estimated the value of his own
holdings in timber interests and
the wireless works at £12,000.101
By April 1914 the financial
position had become increasingly
worse, with between £6,000 and
£7,000 sent for the missions in
New Guinea diverted into debts
incurred by the wireless works.
Meyer wanted Shaw out of the
Procure and was prepared to send
a Church Visitator to bring some
order to the chaotic situation that
was embroiling the MSC. He sent
Father Hubert Linckens, a Dutch
born German citizen, who arrived
in Australia on 27th June 1914, the
day before the murder of Austrian Archduke Francis Ferdinand
plunged the world into the First
World War. As a result Linckens
would be detained in Australia
until at least the end of the war.
Linckens’ first task was to determine the financial position of
the Procure. He found the office
at the wireless works an untidy
mess and spent two days putting
the office into order. Once done
Linckens confirmed the debt to
Volume 25, 2012 115

AWA Review 2012.indb 115

19/06/2012 6:41:02 PM

Father Archibald Shaw
be about £6,000. Rome directed
Linckens to see that the whole
wireless works be sold and that
the money owed to the missions
be retrieved.102 The final value the
church placed on what Father Shaw
owed the missions was £9,586 as
of 30th September 1915.103 Linckens
would spend the next five years
fighting through the courts trying
to recover the money owed to the
missions. His Visitation was to
finally end in June 1920.
This came to a head on 8 th
June 1916, when Father Shaw requested to Linckens that his vows
be revoked.104 Linckens was quick
to support the request, making a
recommendation Archbishop Dr
B. Cerretti for the remission of
Shaw’s vows.105
Sale of Wireless Works
After the outbreak of the First
World War legislation transferring control of wireless from the
Poster Master General’s to the
Navy Department was passed by
the Government in September 1915
with the wireless service formally
transferring to the Navy on 2nd
March 1916.106 Balsillie had left the
service of the Government at the
end of 1915 and by February 1916107
Father Shaw was in negotiation
with the Navy for the sale of the
wireless works. For Shaw this was
the best time to exit – the Government coastal wireless network was
complete, he was under mounting
pressure from the Church over his
financial dealings and it would be
more difficult to make the wireless
works pay going forward. His contact to the Minister for Navy, Jens
Jensen, was the Tasmanian Senator James Joseph Long, whose son
was an apprentice at the wireless
works. The two men shared a mutual interest in horse racing.108
On 31st July 1916 the Minister

for Navy announced that the Federal Government had purchased
the wireless works for £55,000.109
Jensen’s justification for the purchase was to give the Federal
Government absolute control over
wireless telegraphy during war and
the wireless works could be used
to manufacture other electrical
apparatus.
Death of Father Shaw
Father Shaw had not enjoyed
good health for most of his life. As
a child he had surgery that left him
with a permanent limp in adulthood. Illness may have prompted
his early return from Yule Island in
1897 and also prevented his return
after he was ordained. He suffered
from sciatica, a painful spinal
nerve condition, and was often
bedridden for days.110 However his
final demise remains the subject of
intense speculation today.
The sale of the wireless works to
the Federal Government proceeded in Melbourne on 18th August
1916 and the £55,000 was deposited into an account operated by
Father Shaw. The following day he
withdrew £5,300 of which £2,460
was said to be handed to Senator
Long.111 With his vows about to be
revoked, Father Shaw was in Melbourne finalising the sale when he
fell ill at the Coffee House Hotel
on Tuesday 21st August and was
admitted to Miss Garlick’s Private
Hospital on the Thursday. Father
Shaw died after a few days illness
on the Saturday afternoon of 26th
August 1916 at the age of 44.112
Speculation about Shaw’s death
commenced almost immediately.
He was carrying a large sum of
money on him, had registered at
the hotel as Mr Shaw and was said
to be scheduled to depart to the
United States with the intention of
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marrying an Australian woman.113
Only £1,290 of the £5,300 withdrawal was ever traced. Police
investigations revealed that the
day before he fell ill he was seen
in the company of two men and a
woman classed as ‘undesirables.’
The Administrator of St Patrick’s
Cathedral, who attended Shaw on
his deathbed, was convinced that
he had been murdered.114 As late
as 1919 a politician called for the
exhumation of Shaw’s remains,
convinced that he had died from
either deliberate poisoning or
violence.115
Although increasingly estranged
from the Church, Father Shaw was
given a funeral at the Church of
the Sacred Heart at Randwick on
Tuesday 29th August. The church
was crowded with many MSC
and community representatives.
Nearly all the employees of the
wireless station and works walked
behind the hearse from the Church
to Randwick General Cemetery.116
The Catholic press was free from
scandal, acknowledging Father
Shaw’s contribution to the development of wireless telegraphy in
Australia.117 Visitator Linckens attended the funeral, sending a short
note back to Rome advising that
Shaw had died of ‘apoplexy’.
The Royal Commission
The Federal Government’s purchase of the wireless works formed
part of a Royal Commission held
into government wartime procurement practices which commenced
in July 1917 and reported to Parliament in December 1918.118 In its
report Jensen was censured for the
purchase of the wireless works, and
it was found that Senator Long had
received a gratuity of £2,400 from
Shaw for his part in brokering the
sale. Long admitted to receiving
£1,290 from Shaw but maintained
that any other payments he re-

Figure 21 - Senator Long

ceived were winnings from horse
racing. Long was forced to resign
from Parliament. Jensen was also
suspected of receiving payments,
but this was never proven. However these suspicions eventually
lead to Jens Jensen’s removal from
office by the Australian Prime
Minister.119
Now dead, few defended the
actions of Father Shaw in terms
of conduct and sale of the wireless works. Salacious allegations
emerged during the course of
evidence at the Royal Commission,
including allegations of weekend
parties at ‘Archina’ with women
and Father Shaw in various stages
of undress.120 Some commentators saw the whole Royal Commission process as politically
motivated, with political grudges
against Jensen being played out
and the interests of Marconi and
Telefunken protected to ensure
a post war monopoly on wireless
telegraphy in Australia through
their offshoot Amalgamated Wireless Australasia Limited (AWA).121
Prominent businessmen, aligned
to AWA and conservative political
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interests, had made up the group
of Royal Commissioners who had
been appointed to conduct the
review.
Debate continued on the purchase price with re-estimates placing the value at between £47,496
and £60,496.As for the fate of the
wireless works, it limped along for
a few more years, mainly manufacturing electrical apparatus, before
being absorbed completely into the
Department of Navy, being relocated and the land and buildings
at Randwick sold off.
By August 1916 the original
team that set up the wireless works
was gone with Shaw dead, the
initial driving force Kirkby dying
himself in July 1915122, Wilkinson
enlisted in the Australian armed
forces serving in First ANZAC
Wireless Squadron in France123 and
Mulrony leaving the wireless works
in June 1916 prior to its final sale.124
Legacy
Father Archibald Shaw is a
complex and contradictory figure in the history of Australian
wireless. With little technical
background he managed to draw
together the right expertise to design and construct the largest operating wireless facility in Australia
by early 1911, monopolised early
press coverage and attracted sufficient capital investment to build
the first wireless manufacturing
workshops in the country. He was
later able to capture potentially
lucrative Government contracts
for the manufacture of wireless
apparatus that would form the core
of the Australian coastal wireless
network.
But Shaw had no head for business and his vision for the wireless works was not matched by
its financial state. Increasingly he
redirected Church funds into Maritime Wireless to mask underper-

formance. This brought him under
the scrutiny of the Church, which
became increasingly alarmed
about this business practices. He
appeared to dispose of colleagues
as the Maritime Wireless and his
own financial ambitions grew,
including the important early
contributors to Australian wireless
telegraphy Edward Hope Kirkby,
Reginald Wilkinson and Marion
Mulrony. Shaw became embroiled
in bitter patent disputes which only
played into the hands of potential
competitors. His ungainly exit
from wireless and his untimely
death still cast a long shadow over
his contribution to wireless telegraphy today.
Without Father Shaw there
would not have been large scale
wireless experimental work in
Sydney, no wireless works, no
coastal wireless network and Australia would have remained at the
mercy of Marconi and Telefunken
interests on the brink of the First
World War. Political machinations
after his death buried his impact on
wireless and the winding up of the
wireless works left no permanent
legacy as technology advanced to
beam transmission in the early
1920s.
Shaw should be remembered
today as a wireless pioneer and entrepreneur, a flawed man of vision
who draw together a small band
of men to build a dream. In that
sense he almost succeeded and in
doing so joined the ranks of those
other rare individuals - the ‘wireless priests’.
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AWA Review Early Martian Radios:
the Big 4, Little Gem,
Special and Beauty
ABSTRACT
The Martian Big 4
crystal radio with its
unique tripod legs and
overall futuristic appearance is popular, rare,
and today, expensive.
The information on the
Martian Manufacturing
Company’s early sets is
sketchy, but some can be
recreated by an analysis of its sets, including
the Big 4, the Martian
Special, the controversial Little Gem and the
very rare Martian Beauty.
These are the subject of
this article which is intended to shed more light
on these wonderful, early
crystal radios. All of the
sets of this early Martian
era are included. An attempt to understand the
relative number of each
type was made by tracking eBay and some auction sales for the last 20
years. While incomplete,
this provides a better understanding of what has
survived the past 85 or
so years and some clues,
albeit incomplete, about
the reasoning behind the
changes and additions
made over time by the
Martian Manufacturing
Company.

2012 Erich Brueschke

Fig. 1. Earliest Martian Big 4 Type 1. Central

cap in middle of top plate makes this a Type 1.
Four knurled binding posts on top and six on
the bottom. Two sliders, one not shown in this
view, and nickel plated brass legs.
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When you first see Martian Big
4 Type crystal radios, they are so
beautiful and unique you get this
feeling they are all alike since they
have similar appearance with tripod legs and a large coil with two
sliders. As we will show, there are
a number of variations, but they
have central elements in common.
These are:
•
•
•
•

•

•

•

•

All use a galena crystal detector.
They all have three legs
made of nickel plated brass
or pot metal.
They all have a coil with
two ball sliders to “tune”
the radio.
The detector arm is a design
unique to Martian devices
and has a special knob of
composition material (frequently lost or replaced
since it is easily damaged).
The Big 4 appears to have
been manufactured by several companies, including
the Martian Manufacturing
Company and the White
Manufacturing Company.
There are some radios which
use the same elements as
later Big 4’s, especially the
captive lever binding posts.
They are the Martian Special
and the Martian Beauty.
Two Martian Big 4 Type
crystal sets were branded
under a different name:
Blairco 4 and Bear Cat No. 4.
The Little Gem crystal radio
contains some of the same
elements, especially the
three legs, a central shaft
to hold the legs as seen in
the earliest Big 4, and a coil
tuning slider patented by
the President of the Martian
Manufacturing Company,
Charles Louis Marti.

MARTIAN MANUFACTURING
COMPANY HISTORY
As Alan Douglas has stated,
“for all that is known about this
company, it might have come from
Mars” (Ref. 1, p. 157). And as nicely
noted by Maurice Sievers (Ref. 2,
p. 38), “The Martians invaded the
radio world 15 years before H.G.
Wells’ ‘War of the Worlds’ was
convincingly presented by Orson
Welles’ Mercury Theatre on the Air
in 1938.” The Martian Big 4 crystal
set was probably first advertised in
1923 (Ref. 5). The Martian Big 4
was named for its founder Charles
Louis Marti, who had a number of
patents including one for the tuning coil in the Little Gem (U.S. Patent 1,492,080, Ref. 7) and one for
the actual or a variant of the tuning
condenser in the Martian Beauty
(U.S. Patent 1,771,226, Ref. 8).
As noted by Maurice Sievers
(Ref. 2, p. 38), the tripod of the
Martian Big 4 had an appearance
suggestive of a space vehicle. He
also noted the similarities between
the Martian Big 4 and the Little
Gem crystal receiver. More about
this later. The Big 4 has terminals
for four headphones, hence the
name, while the Little Gem has
terminals for one headset.
MY OWN EXPERIENCES
So, who cares? Anyone who
sees or owns one of these beautiful radios generally wants to know
more. Most serious collectors who
do not have at least one of these in
their collection are on the lookout
for one.
Over the years I have owned a
number of Martian Big 4 crystal
sets in varying degrees of condition.
Like most collectors and restorers,
when I can I upgrade to one in better condition. Of course, the ones
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in better condition invariably cost
more. Early on in my collecting, it
became apparent that there were
several distinct variations in the
Martian Big 4 sets, there was some
relationship to the Little Gem, and
the Special and Beauty were important as well. About 13 years ago I
started to track such sets offered
on eBay. This has helped provide
data for this paper as well as have
the seven Martian Big 4 Types, the
Martian Specials, the Little Gems
and the one Martian Beauty in my
personal collection at the present
time.
MANUFACTURERS AND DISTRIBUTORS
There were at least seven manufacturers and distributors of the
early Martian sets, with the main
manufacturer being the Martian
Manufacturing Company in Newark, New Jersey. These are listed
in Table I.
VARIATIONS IN THE MARTIAN BIG 4
Common Features
At first glance all Martian Big
4 crystal sets look alike. They all
have a striking appearance with the
futuristic tripod legs, a cylindrical
coil and a detector assembly on top,
with provision for tuning in broadcast band stations. The era of Martian Big 4’s, probably 1922-1924, a
time with low power local stations
and only two frequencies used-upper and lower bands. In these
times we realize that important differences in the Big 4 undoubtedly
are related to cost of manufacturing
parts, ease of assembly, and cost of
materials with the overall desire
to reduce cost. Only some of the
changes described herein improved
the operation of the Big 4 sets, but

an understanding of them is important to recognize what you are
seeing when you are observing your
set or getting ready to acquire one.
First, there are a number of
common features that Martian
Big 4 crystal sets have that provide
the overall visual appearance, and
since they apply to all Big 4 sets, are
of little value in determining what
you have other than it is a Big 4:
1. The tripod base is 5” x 5” x
5”, tripod height is 4 3/8”,
hexagon coil is 2 5/8” at widest diameter and 3” high, top
and lower plates are 2 7/8”
diameter, height to top of
detector is 9 1/8”.
2. There are two balls sliding
vertically on springs to tune
the coil.
3. The crystal holder is the
same for all Big 4’s.
4. The detector arm is unique
and swivels at its center.
5. All have a composition detector arm knob. On earlier
Types it is a little smaller
with a stippled end, and on
later Types it is longer and
larger. Some larger knobs
may be a replacement of
earlier knobs that have been
damaged or failed.
6. All binding posts are in
similar locations on the end
plates in the various types of
the Big 4.
7. There are four binding posts
on the top plate and six on
the bottom plate.
8. Accommodates up to four
headsets, hence the name
Big 4.
9. Have a similar tripod dimension base regardless
of material (nickel plated brass or pot metal).
Specific Differences
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This being the case, what is
different? First, there are at least
seven types of Martian Big 4 crystal
sets that are important. I have all
these in my collection and have
determined differences through
what I have, what I have seen at
AWA flea markets, many other
flea markets, and on eBay over
the years. In spite of tracking Big
4 sets since 1989, I could have
missed some important variations,
but I do not think so. If so, I would
like to know. Please see my email
address at the end of the “About
the Author” section.
The nine common features
previously mentioned will identify it as a Martian Big 4, but to
know which one you will need
more information. This includes:
1. What is stamped on the top
plate.
2. The kind of binding post
screws: knurled or captive
levers.
3. The design and materials
for the tripod legs.
4. The detector arm knob.
Many are broken off or
replaced with larger composition ones. Some of
these could be original in
later production runs; it is
difficult to tell. However,
the early original detector
knobs are unique with a
stippled surface and shorter
knob.
5. Whether or not the cylinder holding the three legs
extends all the way through
the coil and through the top
plate.
Seven Types of Martian Big 4
The following describes the
characteristics of the seven currently known Types of Martian
Big 4.
Type 1 - Earliest Martian Crystal

Set
“MARTIAN MFG. CO. NEWARK N.J.” is stamped on the top
plate edge on the side nearest to
the crystal holder (Fig. 1 and 2). It
has knurled binding post screws,
four on the top (for one tip of up
to four headphones) and six on
the bottom plate (four for the tip
of each of the headphones and one
each for the antenna and ground),
and three nickel plated brass legs
which can be unscrewed from
the central column. The central
column goes through the coil and
terminates with a ¾ inch high
ovoid top with a flat bottom which
is pressed on a central shaft which
is in the center of the top plate.
No other Martian Big 4 has this
central column except the Little
Gem which has some relationship
to the Martian Manufacturing Co.
The detector arm appears to have
an end stippled composition knob
(Fig. 2).
Type 2 - Martian Big 4
Figure 3 shows the two sliders

Fig. 2. Earliest Martian Big 4 Type
1 top view, showing central raised
cap that connects to a shaft going
all the way through to the three
legs. Because of this cap, the
words “MARTIAN MFG. CO. NEWARK N.J.” are stamped on the edge
near the galena crystal holder. All
top plate binding posts are for connection of one side of up to four
sets of headphones. Note early
type of knob on crystal detector.
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Fig. 4. Martian Big 4 Type 2 top
view showing central name and the
early small and shorter version of
the detector knob.

Fig. 3. Martian Big 4 Type 2 with

no central column or cap. This allows for the name to be stamped
on the center. Slider arrangement
and binding posts are the same
as the Type 1. The brass legs are
attached to a short column that
screws into the bottom plate and
does not pass through the coil
center and top plate as in Type 1.

present on all Big 4’s. On Type
2, “MARTIAN BIG 4 NEWARK
N.J.” is stamped centrally on the
top plate (Fig. 4). The three nickel
plated legs screw into a central
element which has a short vertical
cylinder which screws into the bottom plate (Fig. 5). This shaft does
not continue through the coil and
through the top plate as in Type 1.
There are 10 knurled binding post
screws as in the Type 1.
Type 3 - Blairco 4
“BLAIRCO 4 MFG. BY MARTIAN MFG. CO.” is stamped on
the center of the top plate (Fig. 6).
This type has the same knurled

Fig. 5. Martian Big 4 Type 2 bottom

view showing the six lower binding
posts, one each for four headphones, one for aerial and one for
ground. The three nickel plated
legs screw into the central element
with the short vertical cylinder.

screw binding posts as the Type
2. Except for the name stamped
on the top plate, this is identical
to the Martian Big 4 Type 2 and
was manufactured by the Martian
Manufacturing Company.
Type 4 - Transition Martian
Big 4
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Fig. 6. Type 3. Except for the
“BLAIRCO 4” stamped on the top
plate, this would be a Martian Big
4 Type 2 and was manufactured by
the Martian Manufacturing Company, as shown.

Fig. 7. Martian Big 4 Type 4 Transition between Type 2 and Type 5,
having four captive lever binding
posts on the top plate and six
knurled binding post screws on the
bottom plate. This is unquestionably a factory made transition set
manufactured prior to the Type 5.
The bottom knurled binding post
screws can just be seen below the
bottom plate in this view.
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The Transition Big 4 is like the
Type 2, except it has four unique
captive lever binding posts with
a new shape of the post body on
the upper plate (Fig. 7) but has six
knurled binding post screws on the
lower plate. Since the threaded levers are inserted into the bottom of
the binding post during assembly
and then bent over, it is impossible for the lever to fall out. Thus
it obviates the problems with the
knurled binding posts dropping
out and becoming lost. Since the
replacement of binding posts is
impossible without disassembly
of the end plates (a daunting task),
it is highly probable that this is a
Transition Big 4 to use up remaining knurled binding posts. Figure
8 shows a close-up of the captive
lever binding posts.
Type 5 - All Lever Type Martian
Big 4
The All Lever Big 4 is like the
Type 2, except both the top and
bottom plates have captive lever
type binding posts (Fig. 9).
Type 6 - Martian Big 4 Pot
Metal Legs
The Type 6 is like the Type 5,
with all captive lever binding post
screws, except the legs and central

Fig. 8. Transition Big 4 Type 4 top
view with a good view of the captive lever binding post screws.
These cannot fall out since they
are inserted from below and then
bent to facilitate use.
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Fig. 10. Type 6. Like a Martian Big

4 Type 5 except has pot metal legs.
Shown is an extreme example of
pot metal leg deterioration.

Fig. 9. Type 5. A Martian Big 4 with
captive levers on top and bottom
plates, otherwise like a Type 2.
The Type 5 has nickel plated brass
legs.

assembly are made of pot metal.
Except for the legs, it is the same
as Figure 9. Most of these have not
survived because the cheaper pot
metal tends to disintegrate with
time (Fig. 10).
Type 7 - Bear Cat No. 4
“BEAR CAT NO. 4 BEAR RADIO COMPANY NY” is stamped on
the center of the top plate (Fig. 11).
Like the Type 5, it has captive lever
type binding posts on the top and
bottom plates. The Bear Cat No.
4 appears to have only pot metal
legs. This suggests it was made
later than the Blairco 4 and most
Martian Big 4’s.

CONSTRUCTION AND REPAIR OF THE MARTIAN BIG
4
Restoring older equipment
is an educational and satisfying
experience, and it will reward you
with a significant sense of accomplishment in resurrecting part of
radio’s past.
I tried to figure out how the
Martian crystal set was factory assembled. In the case of the Big 4,
the coil is wound clockwise when
viewed from above, with the wire
starting at the top and being soldered internally to a 12 gauge wire

Fig. 11. Type 7 stamped “BEAR
CAT NO. 4” and manufactured by
the Bear Radio Company of New
York. Other than the stamped
name and pot metal legs, the appearance is identical to the Type 5.
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Fig. 12. This is the inside of the coil
connection between the detector
swivel, which is insulated from
the top plate, and a binding post
insulated from the bottom plate
for the aerial. The wire between is
12 gauge copper. The top of the
tuning coil is soldered to the upper
part of the wire (not shown). Any
movement to the 12 gauge wire
frequently causes the upper coil
connection to break. The bottom
binding post is either for a knurled
screw (as shown) or for a captive
lever binding post, depending on
the Type of Big 4.

between the crystal detector on the
top plate and the aerial binding
post, but within the coil (Fig. 12).
The Big 4 antenna terminal,
either with a knurled thumb screw
binding post or the Martian bent
lever, is held in place with 10-32
screws which are drilled for insertion of a copper #12 wire (Fig. 12)
and soldered.
The detector arm has a vertical
swivel that, along with the knob,
allows the cat’s whisker to be positioned in an optimum manner on
the galena crystal. The problem is
the swivel is spring loaded inside

and with time becomes corroded
or otherwise sticky. The result
is that when the swivel sticks,
then the detector column moves
which loosens up the wire going
through the Big 4. With time, the
tuning coil lead, which is soldered
to the vertical wire at its upper
part, (Fig.12) is put under tension
and eventually breaks. Repairing
this break is very difficult since
it is inside the tuning coil. By
pulling down the upper windings
of the coil, sometimes access to
the coil wire can be attained, but
this is generally unsatisfactory.
Frequently, one sees such sets for
sale, giving evidence that the top
of the antenna coil wire is broken
or has been repaired in the past
because the top of the tuning coil
is distorted.
I have removed the top plate of
a couple of Martian Big 4’s to repair
the broken wire to the top of the
tuning coil, but what happens is
the six coil support insulated rods
lose their tension in the coil, and it
tends to collapse. It is very difficult
to replace the top plate and align
the six insulated rods which support the hexagonal coil, thereafter.
POT METAL LEGS
The Martian Big 4 Type 6 and
the Bear Cat No. 4 Type 7 both
had a pot metal leg assembly. I
have never seen examples of the
other Types of Martian Big 4’s, the
Little Gem or the Blairco 4 with pot
metal legs. Some sellers on eBay
have suggested that pot metal legs
are a sign of an original crystal set
whereas nickel plated brass legs
are reproductions. Little, if anything, supports this view. Nickel
plated brass legs were part of the
earliest Martian Big 4’s and all Little Gems in my experience. I have
never seen legs or other parts of
Martian Big 4’s reproduced. This
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is probably because the assembly
into which the legs and vertical
attachment column are attached
requires a complex and expensive
machining process or a special pot
metal casting.
Since the pot metal legs were
introduced later in the scheme of
things, it appears to have been a
cost saving measure. Since the legs
and the part into which the legs
usually attach, as well as the short
vertical column for attaching to the
bottom plate, can be die cast into
a single assembly, there would be
a considerable saving in materials
and machining time.
Unfortunately, the particular
zinc alloy used for the pot metal
leg assembly, while easy to die cast,
over time invariably expanded,
cracked slowly, and disintegrated.
This left a coarse gritty crystalline
surface. Worse, because of the expansion part of the disintegration
process, the parts would not even
fit together properly as is the case
for most other metallic fractures.
Thus repair is difficult and generally not satisfactory in most hands.
A few sets have survived with only
minor fractures, but they are rare.
An example of the remains of one
pot metal leg assembly is shown
in Fig. 10).
THE MARTIAN SPECIAL
CRYSTAL SET
The Martian Special is a simplified version of the Martian Big 4.
The Martian Special has a 4” x 4”
cast iron base, a 2 5/8” maximum
diameter hexagonal coil, a 2 7/8”
diameter top plate (same as the
Martian Big 4), a 3” high coil, and a
total height of 4”. Interestingly, the
coil in the Big 4 is virtually identical to the Special except the Special
has only one ball slider for tuning.
There are two versions of the
Martian Special. The earliest ver-

Fig. 13. Martian Special early ver-

sion with black cast iron base
and rubber feet. The detector assembly is the same as used in the
Martian Big 4. There are four lever
type binding posts.

sion has a cast iron base, is painted
black, has four rubber feet (Fig.
13), and the plain aluminum top
plate (Fig. 14) is stamped “MARTIAN MFG. CO.” but does not
contain the word “SPECIAL.” The
second version also has a cast iron
base but is painted grey, has small
legs cast into the base (Fig. 15), and
the word “SPECIAL” is stamped on
the engine-turned top plate as well
as “MARTIAN MFG. CO.” (Fig.16).
In the engine-turning process, a
thin sheet of aluminum is repeti-

Fig. 14. Martian Special early ver-

sion top view, stamped only “MARTIAN” not “MARTIAN SPECIAL.”
Top plate is plain aluminum, not
engine-turned.
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Fig. 15. Martian Special second

version, stamped “MARTIAN
SPECIAL,” grey cast iron base
with feet cast into the base. The
later version of the detector knob
is shown (both are also used in
certain Types of the Martian Big 4).
There are four lever type binding
posts and one slider (same as the
early version). The top winding of
the coil passes through the center
and is soldered under the base, as
are all solder connections.

Fig. 16. Martian Special second

version top view. Like some Martian Specials, this one has been
poorly stamped but has a very nice
engine-turned top decoration.

tively polished by a spinning tool
to produce an attractive swirl effect. Although less common than
the Martian Big 4, they are not as
popular among collectors since
they do not have the cachet of the
Big 4.
The second version of the Martian Special is shown on the cover

of the book Crystal Clear by Maurice Sievers (Ref. 3, cover and Ref.
2 p. 73) and in the comprehensive
book Radio Manufacturers of the
1920’s by Alan Douglas (Ref. 1, p.
158).
The detector for the Special is
identical to that used in the Big 4.
The solder connectors for the Special are easily accessed underneath
the Special base, unlike the Big 4
which has important solder joints
and one solder connection within
the coil assembly (Fig. 12) which
causes problems when the swivel
joint in the detector post becomes
corroded. Thus the Martian Special design is an improvement in
this regard.
THE LITTLE GEM – WHERE
DOES IT FIT IN?
Characteristics of the Little
Gem
I have Little Gems in my collection and have evaluated seven
more based on information provided in eBay auction listings over
the period from 2003 to January
2012. Before going into details
on the Little Gem, I note that the
most common problem is missing
knurled binding post screws on
about 20%. Since it accommodates
only one headphone set, with the
antenna and ground binding posts,
there are only four, one on the top
and three on the bottom (Fig. 17).
All the Little Gems I have examined have nickel plated brass legs
in a design with a central column
that passes entirely through the
center of coil. In this regard, it
has similar features to the Martian
Big 4 Type 1 that also has a central
column (Fig. 1).
Reference 1 on page 156 shows
a list price of $6.50 USD and that
the Little Gem was manufactured
by the United Specialties Co. Inc.
See Table I. Also shown in Table I
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Fig. 17. Little Gem showing unique

double spring, single slider coil
tuning. The Little Gem has one
phone (headphone) binding post
on the top and one on the bottom
plus an aerial and ground binding
post on the bottom.

is the Metropolitan Radio Corporation which was a distributor for the
Little Gem.
The Little Gem design patent
67,043 was filed October 8, 1923
by Edward Moore, issued April
25, 1925 and assigned to the Metro
Electrical Co. Inc, also called Metropolitan Radio Corporation (Ref.
1, p. 156).
The Little Gem tripod is 5” x 5” x
5” (same as the Martian Big 4). The
tripod height is 3 7/8”, the coil is 2
¼” in diameter and its height is 2
7/8”, the height to the top plate is
6 7/8” and to the top of the detector is 9”.
The Little Gem has a unique
double spring with single knurled

screw slider (Fig. 17). Clearly the
double spring with single slider
used in the Little Gem is identical
to the U.S. Patent 1,492,082 filed
by C.L. Marti on December 1, 1922
and patented April 29, 1924. See
Figure 18. This is the same C.L.
Marti who was President of the
Martian Manufacturing Company.
The top view of the Little Gem
is shown in Figure 19. Unlike the
unique crystal detector assembly
used in the Martian Big 4, the Little
Gem uses an entirely different
detector assembly (Fig. 17). It appears that this was available from
some vendor since the same detector is used in the Splitdorf crystal
set (Fig. 20). This same Splitdorf
crystal set is well shown in Crystal
Clear Volume 2 (Ref. 3, p. 85).
Relationship Between the Martian Big 4 and the Little Gem
While no one has been able to
establish the corporate structure
between the Little Gem and the
Martian Big 4, there are compelling reasons to believe they were
either licensed by the Martian Big 4
or are a related corporation. These
include:
1. The earliest Martian Big 4
had a similar central column with cap on top as the
Little Gem. See Table II
Type 1 and Figure 1.
2. The tuning coil with its two
springs and central adjustment screw in the Little
Gem is identical to the invention of C.L. Marti shown
in U.S. Patent 1,492,080
granted April 29, 1924 but
filed December 1, 1922 (Fig.
18).
3. The three legs of the Big 4
and Little Gem with attachment to each other appear
to be identical.
4. The binding posts and binding screws on the early
Martian Big 4 Types 1 and
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Fig. 18. Marti U.S. Patent 1,492,082. Same type of tuning coil used in
the Little Gem.

2 are identical to those on
the Little Gem.
5. The crystal holder in the
Martian Big 4 and the Little
Gem are identical.
Things that are different from
the Big 4 and the Little Gem are:
1. The names and addresses

of the companies are different. The Little Gem was
manufactured by the United
Specialties Co., Inc. of 57-59
Spring Street in Newark,
New Jersey (see Table 1).
the Little Gem was assigned
to the Metro Electric Co.,
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Fig. 19. Little Gem top view.

Inc. of Newark, New Jersey
(Ref. 1, p. 156).
2. The detector for the Little
Gem is not unique since it is
used on the Splitdorf crystal
radio (Fig. 20) and possibly
others. The detector arm
on the Martian is used only
on the Big 4 Type Martians
(including the Blairco and
Bear Cat) and the Martian
Special.
3. The Little Gem has one
binding post on top stamped

Fig. 20. Splitdorf crystal set (also

from the author’s collection), showing the same crystal detector used
in the Little Gem.

Fig. 21. Little Gem instructions in lid of original box (also from the author’s

collection).
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P (headphone) while the Big
4 has four PPPP. The Little
Gem has three on the bottom AGP, while the Big 4
has six PPPPAG.
4. The coil on the Little Gem
is smaller and has a single
slider (Fig. 17) but as noted
above, this was patented by
C.L. Marti, the President of
the Martian Radio Company (Ref. 7).
The Little Gem was manufactured by the United Specialties
Co., Inc. of Newark, New Jersey
(see Table I). This Table also
shows that the Metropolitan
Radio Corporation is a distributor.
The most important clue to a
close relationship of some sort
between the Little Gem and
the Martian Big 4 is the patent

for the tuning coil for the Little
Gem issued to Charles L. Marti
and the nickel plated brass legs.
An instruction sheet from the
lid of its box is shown in Figure
21.
THE MARTIAN BEAUTY
The Martian Beauty is the most
rare of the early Martian radios.
To my knowledge, only one has
surfaced on eBay in the last 13
years. See next section and Table
III. I purchased mine at an Estes
auction in Burbank, Ohio on April
16, 2005. We drove to the auction from Chicago just to bid on
this prized one-tube radio (Fig.
22). Alan Douglas has a photo of
Charles L. Marti holding a Martian
Beauty in Volume 2 of his classic

Fig. 22. Martian Beauty one-tube regenerative receiver, top frontal view.
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Fig. 23. Martian Beauty side view
showing coil, lever binding posts
and grid leak in rear.

The dimensions of the Martian
Beauty are a 4” x 4” base, 3 3/8”
diameter coils, which are 2 ¾”
high with an overall height of 4
1/8” exclusive of the tube and filament control. The underside of the
Beauty is protected by a transparent cover (Fig. 24) which when
removed reveals pristine components (Fig. 25). Charles Marti had
a hand in the design of his radios
as evidenced in this case by the
electrical condenser patent probably related to the Martian Beauty
(Fig. 26). This is one of the finest
one-tube radios one can acquire. I
have no idea how many still exist,
but I expect all such owners recognize and cherish what they have.

book (Ref. 1, p. 158) at the November 1924 Annual Radio Exposition
in New York.
One of the earliest photos of
the Martian Beauty is shown in
the December 1924 Radio News
(Ref. 4). When you actually see
one, the look of a green coil with an
O1A brass base with tip tube in its
center with a beautiful marbleized
bakelite base and the eight Martian
lever type binding posts is very attractive. The grid leak is at the rear
of the coil (Fig. 23). The lever at
the top of the coil (Fig. 22 and 23)
controls the filament voltage and
regeneration. Another view of the
Martian Beauty is shown in Crystal
Clear (Ref. 2, p. 73).

SURVEY OF EARLY MARTIAN SALES
It is virtually impossible to determine how many early Martian
radios were made and how many
survive. One way, albeit incomplete, is to track eBay offerings,
auctions and radio flea markets.
Of course no one can attend all
flea markets and no one knows
what is in the hands of collectors.

Fig. 24. Martian Beauty bottom

Fig. 25. Martian Beauty bottom

view with protective transparent
cover.

view without protective transparent cover.
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Fig. 26. Marti U.S. Patent 1,771,226 for Electrical Condenser filed March

6, 1926 which I believe is the condenser used in the Martian Beauty.

Even an incomplete review does
shed some light on the numbers
for each type of these rare radios.
Tracking on eBay is incomplete
because it depends on your search
criteria, skills, and consistent dedication. Nevertheless, I have looked
at such sales for the last 20 years.
This gives some idea of what has
survived, as crude as it is.

For the period from April 1989
to January 2012, the various numbers of Martian Big 4, Martian
Special, Little Gem, and Martian
Beauty are shown in Table III. The
most common (a relative term,
since even the common Martian
Big 4’s are rare) is the Type 5 with
all captive lever binding posts (13
sales, comprising 29.5% of sales
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during the period). Most (63.6%)
of the Martian radio sales fell into
the Martian Big 4 category, which
includes various Types of Big 4, the
Blairco 4, and the Bear Cat No. 4.
Related to the poor survival
of those with pot metal legs, the
Martian Big 4 Type 6 and the Bear
Cat No. 4 Type 7 each had only two
sales, comprising 4.5% of sales.
The least common, or most rare,
are the first Martian Big 4’s with
central column and stamped only
“MARTIAN” on one edge, and
the Transition Big 4 Type 4. This
Transition Big 4 has four captive
lever posts on the top plate and six
knurled posts on the bottom plate
(Fig. 7). This is not simply a matter of someone replacing one type
of binding post with another, since
the construction of the Big 4 is such
that the whole crystal set would
need to be disassembled to do so.
Obviously this was done at the factory. The Martian Special had five
sales in the summary (11.4%) making it the third most common. The
Little Gem had nine sales (20.4%)
making is less common than the
total of Types of Martian Big 4’s
and highly desirable.
The most desirable, most rare
and most expensive today by far
is the Martian Beauty. Only two
have surfaced in the open market
in over 20 years. One was on eBay
in December 2004, and one at an
Estes auction in April 2005 as previously mentioned.
AFTERWORD
Part of being a collector is
consideration of how a given item
is viewed today. This article has
touched only on a limited time period well over 85 years ago. A practical consideration for collectors is
what it would cost to acquire one
of these early Martian radios. The
following figures are in USD. The

early Martian radios are popular
among collectors. Martian Big 4’s
originally sold for $7.50 and Little
Gems for $6.50. A Martian Big 4
in very good condition fetches a
premium prices, $900 to $1500
or more. A Little Gem is $800 to
$1000. Missing parts, poor pot
metal legs, or damage will drop the
price quickly. Martian Specials,
although also rare, go for about
$300. The Martian Beauty will
go for $2400 to $2800 or more.
They rarely come up for sale, so it
is difficult to make a price estimate.
The more we know about something that interests us, the more
enjoyment we can achieve and
the better to understand what has
transpired. In the case of smaller
companies such as the Martian
Manufacturing Company, they
have left us a legacy of fine early
products which themselves assist
us in a better understanding of
this early era of radio history. My
hope is that my analysis and review
of early Martian products will assist others in understanding what
they have and how it may fit into
the larger picture. Much effort has
been expended by Charles Marti
and his staff in leaving us things we
continue to admire and enjoy. We
owe those from the past our thanks
for what has gone before.
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Table I. Distributors and
Manufacturers of Early Martian Radios
• Martian Manufacturing
Company, 171 Washington
Street, Newark, New Jersey.
Most Martian Big 4’s have
this stamped on the top
plate. Manufactured the
Martian Big 4, the Blairco
4, the Martian Special, and
the Martian Beauty. Trade
Mark for the Martian Big
4 and address shown in
Ref. 6.
• Mitchell Blair Co., 1429 So.
Michigan Avenue, Chicago.
Per Ref. 2, p. 39. Distributor of the Blairco 4 which
was manufactured by the
Martian Manufacturing
Company.
• White Manufacturing Company, 93-107 Lafayette
Street, Newark, New Jersey. Shown in Radio News,
December 1923, p. 835 per
Ref. 5. Manufacturer of the
Martian Big 4.
• Diolite Insulator Corp.,
1050 St. Johns Place, Brooklyn, New York. Shown in
Ref. 1, p. 157. Distributor
of the Martian Big 4.
• Bear Radio Company, New
York. Manufacturer of the
Bear Cat No. 4. Ref 3, p.
135. Except for the name
stamped on the top plate, it
is identical to the Martian
Big 4.
• United Specialties Co., Inc.,
57-59 Spring Street, Newark, New Jersey. Per Ref.
2, p. 156. Manufacturer of
the Little Gem.
• Metropolitan Radio Corporation, 71-75 Goble Street,
Newark, New Jersey. (Also
called Metro Electrical
Company, 67 Goble Street.)
Per Ref. 1, p. 156. Distributor of the Little Gem.
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Martian Big 4

5

Bear Cat No. 4

Martian Big 4

4

7

Blairco 4

3

Martian Big 4

Martian Big 4

2

6

Martian

1

Name Stamped
on Set

Center of Top Plate

Center of Top Plate

Center of Top Plate

Center of Top Plate

Center of Top Plate

Center of Top Plate

Edge of Top Plate

Name Location

All 10 Levers

All 10 Levers

All 10 Levers

4 Levers, 6 Knurled

All 10 Knurled

All 10 Knurled

All 10 Knurled

Binding Post Screws

No

No

No

No

No

No

Yes

Central Column
Through Coil

Table II. Key Features Used to Distinguish Between Martian Big 4 Types

Pot Metal

Pot Metal

Nickel Plated Brass

Nickel Plated Brass

Nickel Plated Brass

Nickel Plated Brass

Nickel Plated Brass

Tripod Leg Material

Brueschke
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1
2

1
2
3
4
5
6
7

Type

Little Gem
Martian Beauty – One Tube

Martian Special Type
Top Plate Stamped “MARTIAN” Only
Top Plate Stamped “MARTIAN SPECIAL”

Description/Main Feature
Martian Big 4 Type
Martian – Name on Edge, Central Column
Martian Big 4 - Name in Center, Knurled Screws
Blairco 4
Martian Big 4 – Transition, Top Levers Only
Martian Big 4 – All Lever Binding Posts
Martian Big 4 with Pot Metal Legs
Bear Cat No. 4 with Pot Metal Legs

Total

Subtotal

Subtotal

9
2
44

1
4
5

1
5
4
1
13
2
2
28

Number

20.4
4.5
100% (rounded)

2.3
9.1
11.4

2.3
11.4
9.1
2.3
29.5
4.5
4.5
63.6

Percentage

Table III. Percentage of 4/1989 to 1/2012 Sales for Early Martian Radios

Early Martian Radios
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Erich E. Brueschke, with his early Martian radios.
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ABSTRACT
The following four
events are covered.
1) Wireless Spying
on Marconi at Porthcurno, Cornwall, UK
– A First
2) Lee de Forest
Fails in Ireland and
Wales in 1903 –’04:
One Door Closes, another Door Opens …
3) Rejection and
Renaissance:
A. Lee de Forest
Sails Away From “Perfidious Albion,” but
Makes a Deal
B. Lionel James -Naval Spying on Russians and Reporting
at Sea
4) Commander
Kurakichi Tonami’s
Wireless Wins the
Russo -Japanese War,
1905.
In the midst of this,
a Japanese master spy
enables Lee de Forest
to snatch renown from
the jaws of rejection,
with a little help from
Fessenden’s electrolytic detector.

Wireless -- its Evolution from
Mysterious Wonder to Weapon
of War, 1902 to 1905
2012 Bartholomew Lee
This is a Story in
Four Parts, Culminating in the First Use of
Wireless Telegraphy
in Warfare, but Starting, Naturally Enough,
with Marconi in Cornwall.
Lee de Forest
bearded the young
wireless lion – Guglielmo Marconi – in
his den, Britain, in
1903. Others also
concerned themselves
with Marconi’s ambitions, as early as 1902,
as the first part of this
note will discuss. But
both the British government and the cable
monopoly rejected the
De Forest System. Yet
a courageous foreign
correspondent saw
a future for the De
Forest System in war
reporting, as Japan
challenged Russia in
the Far East.
This is the story
first of commercial
intrigue, in the first
part of this note: spying on Marconi. Many
saw that knowledge
about this mysterious
wireless telegraphy
could be important in
business and in war.
But they had to find
out how it worked,
and what it could do.

The second part of this
note discusses Lee de
Forest’s failed reach
for the brass rings of
a British government
contract, and a deal
for his wireless system
with the cable companies in 1904. But
that commercial defeat enabled the public
relations victory of the
success of exactly the
same De Forest Wireless System on the other side of the world, in
the 1904 Russo -Japanese War. That same
equipment, particularly de Forest’s electrolytic detector, and
de Forest’s crack operators, got the news
of the war out to Europe and America. The
third part of this note
discusses that remarkable turn of events.
Japan integrated
wireless telegraphy
with a web of cables
and other means of
communication and
command, a then
-unique network. With
its integrated war making approach, Japan
sank most of Russia’s
two battle fleets in the
Russo -Japanese War
of 1904 and 1905, as
discussed in the fourth
part of this note.
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Japan’s defeat of the Russian
Navy killed Russia’s far-eastern
ambitions, especially for a Far Eastern (relatively) warm water port,
open all year round – Port Arthur,
on the south coast of Manchuria.
Lee de Forest wrote a detailed
autobiography that covers some
of this ground. 1 The now long
-forgotten electrolytic detector he
employed materially advanced the
nascent wireless art circa 1903,
because it enabled long-distance
high-speed traffic for the first time.
Much of what is known about
the earliest wireless spying at
Porthcurno results from research
and writing2 by John E. Packer, a
Fellow of the Royal Geographical
Society. He is a Curator of the Cable
& Wireless Museum at Porthcurno.
The techniques of interception of
wireless messages first emerged
with spying there on Marconi,
whose system de Forest also challenged.
The research and writing of the
Irish historian Peter Slattery on
the career of journalist and spy
Lionel James provide much of
what is known of the events in the
Far East. Lee de Forest never got
west of Palo Alto or Los Angeles,
nor until 1904, west of New York.
But James, at his own suggestion
and de Forest’s urgings, took over
the wireless telegraphy equipment
that de Forest had used in his
experimental stations in Ireland
and Wales in 1903. A great deal of
what is in this note about London
Times war correspondent James’s
dangerous work derives from Slattery’s book: Reporting The Russo
-Japanese War, 1904-5 – Lionel
James’s first wireless transmissions to the Times.3
The Japanese Navy’s Commander Kurakichi Tonami sailed
with James aboard the reporter’s
steamship at an even sharper risk
of his life. Tonami already had in-

ternational diplomatic experience.
Much of what is known about him
(in English) comes by way of Japanese naval historian Admiral Kazuo
Itoh.4 Admiral Itoh also explains
how Japan (unburdened by any
old ways of doings things) early on
integrated its command, control,
communications and intelligence.
It created a novel and successful
network to manage warfare. Commander Tonami had mastered the
new technology of communications
on behalf of the Japanese Navy.
In the unforgiving world of war,
Tonami stands out as an officer’s
officer, a spy’s spy, and a very brave
man. His work, before and after
sailing with James, helped Japan
win its war against Russia.
W i r eless S p y i n g at
Porthcurno, Cornwall,
UK – A First
Marconi’s new technology fascinated the world, and especially
the cable operators. It excited
much curiosity in them, and in
armies and navies, and in businesses. Wireless telegraphy, telegraphy without cables, long or
short, directly threatened the cable
industry. But this technology also
promised much: the opportunity to
extend as well as overlay and parallel cable communications. Wireless
promised redundancy, and hence
reliability, in long distance communications. An enormous amount of
cable traffic, requiring the utmost
reliability, passed, for example,
between London and New York.
But an undersea cable break could
end communications in an instant.
(The first cable had indeed broken
after only a month underwater, and
an undersea earthquake in 1929 did
break ten of the 21 Atlantic cables.
Also, cables could be cut, and would
soon be, in times of war). Wireless
also promised extension of communication from cableheads around
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the world to interiors of Empire,
to armies in the field and nearby
navy vessels and to vast, unserved
coastal populations in cities, towns,
businesses and plantations.
Western Cornwall hosted the
competing U.K. interests of cables
and wireless. Marconi set up at
Poldhu for its proximity to the
Atlantic and the North American
continent. The cable companies
had long centered on Porthcurno
(Port Cornwall), just a few miles
south of Poldhu. At Porthcurno, the
cables of the British Empire, as well
as its former colonies, in particular
the United States, made landfall.
From Porthcurno, one could see
Marconi’s big Poldhu antenna of
1901 – and thereby hangs a tale
of wireless spying by the cable
companies, a prologue to the first
use of radio, wireless telegraphy,
for intelligence and command in a
great war.
Marconi had first revolutionized
and then monopolized the English
maritime industry’s communications. But a well-capitalized and
politically well -connected cable industry could take up supplemental
maritime wireless operations. Such
an initiative could turn the tables
on the Marconi company.
Yet in 1902 almost no one knew
anything about radio or wireless
beyond press accounts. Within
three years, partly as a result of
determined efforts to master the
technology including interception
of messages, wireless helped win
the first war of the 20th Century.
John E. Packer tells the story of
the Porthcurno cable companies’
interest in, and spying on, Marconi.
Marconi’s company had its big station at nearby Poldhu. It sited its
working maritime station nearby
at “The Lizard,” a peninsula jutting south. The cable companies’
surveillance endeavors revealed the
primary flaw of wireless telegraphy:

anybody could listen. Encryption
or cipher, if used despite its own
challenges, could mask the text of a
message, but not the fact of a message. Transmission characteristics
also gave away sources and relationships among them. Commercial claims of privacy and reliability
could be tested, and were often
found wanting if not false. It was
very important to many interests to
understand wireless telegraphy in
practice, not just in patent theory.
At the time, the cable companies’ wireless expert was Nevil
Maskelyne, who had been an early
experimenter.5 Maskelyne devoted
himself to debunking Marconi’s
claims, particularly with respect to
the security of wireless messaging.
Mr. Packer writes, in his Porthcurno Museum publication The
Spies at Wireless Point,6 excerpted
here by his kind permission:
“The Eastern Telegraph Company and Marconi’s early wireless experiments. On the cliffs
near Porthcurno in West Cornwall
stands a curious structure of iron
hoops that looks like some mediaeval instrument of torture. It is
all that remains of a little known
episode in the history of wireless.
There is scant published information about the venture, partly for
reasons that will become clear.
Little crumbs of information are
scattered through the literature;
in isolation they tell little but put
together like pieces of a jigsaw
they reveal early wireless spying,
industrial espionage.
“Cornwall’s early cables. The
first international submarine cable
laid into Cornwall was landed at
Porthcurno near Lands End in
1870. It formed part of a chain of
cable systems that spanned the
globe, linking Europe with the Far
East providing Australia’s first
direct telegraph link with the U. K.
The Eastern Telegraph Company
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(ETC) grew in capacity and extent
until by 1900 cables fanned out
from Porthcurno beach to North
and South America, South Africa,
India, Australia & New Zealand,
and eventually Hong Kong and
China. Porthcurno had become the
main communications gateway to
the British Empire.
“The Bass Point Wireless Station. In late 1900 with several
modest over-the-horizon successes
under his belt, Marconi and company were already dreaming of
crossing the Atlantic by wireless.
They had planned a high power
installation at Poldhu on the Lizard peninsula. To carry out tests
with Poldhu and experiment with
‘syntony’ or selective tuning (so
two or more stations could signal
simultaneously without mutual
interference) and also to provide
a commercial ship-shore service to
provide Marconi with revenue, another site was chosen at Bass Point,
near the Lloyd’s Signal Station, and
a wooden hut was erected.
“Trans-Atlantic Success. The
story of the success of the December 1901 test has been told many
times… It is, however, an irony
that the only means by which Marconi could communicate with his
staff at Poldhu to coordinate the
test was by telegrams sent over
an Anglo-American Company
submarine cable that the success
of the test now threatened. That
cable operator, Anglo-American,
took him seriously enough to issue
a writ forbidding him to continue
experimenting because they held
a monopoly on telegraphic communications from what was then
the Colony of Newfoundland.
“The growing threat. Until now
the Eastern Telegraph Company
had taken only a benign and casual
interest in the new technology.
Suddenly the complacency of the
cable operators was shaken. Mar-

coni could apparently repeat their
function without the necessity of
making, laying and maintaining
expensive cables. What was not
clear was just how well this signaling without wires actually worked.
Submarine cables seemed to be
reliable, operated for twenty-four
hours a day, did not suffer from
interference or fading, and most
importantly were secure from interception. How did wireless compare? There was an urgent need
for the cable companies to keep
abreast of this developing rival and
evaluate its potential commercial
threat. No one was better placed
to do this than the Eastern Telegraph staff at Porthcurno, only a
relatively few miles from both Bass
Point and Poldhu.
“Spying in the service of submarine telegraphy. On a clear
day the staff at Porthcurno could
actually see Marconi’s masts at
Poldhu across Mounts Bay. The
Eastern Telegraph Company (ETC)
accordingly hired the services of
an early wireless enthusiast, Nevil
Maskelyne.
“The growing interest of the
ETC directors in wireless can be
traced in the beautifully handwritten minute books of their Board
meetings. The earliest reference
to wireless is a minute dated December 18th, 1901. The Company’s
Chief Electrician simply noted
Marconi’s ‘experiment across the
Atlantic’ just six days previously.
The ETC didn’t waste time, however, for just weeks later in January,
1902 they were already in discussion with Sir William Preece of the
General Post Office, and with Dr.
Oliver Lodge and Alexander Muirhead. At the same time the ETC
Directors agreed to purchase just
five shares in the Marconi Wireless
Telegraph Company, presumably
to allow them to attend shareholders meetings to keep abreast of
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developments.
“Wireless at Porthcurno. Directors minutes for June 4th 1902
tersely report ‘progress in experiments.’ In June 1902, a member of
staff was to journey to the Lizard,
presumably on horseback, ‘to see
what sort of mast Marconi had
erected for his wireless experiments’.
“The enigmatic lease of seaside
land and the absence of any mention of a location in Maskelyne’s
earlier installation proposal suggest the Company was trying to
hide its intention to spy from this
cliff-top above Porthcurno cove on
its potential communications rival
on the Lizard.
“A 170 foot three section pitch
pine mast was ordered from N. Holman and Sons, Ltd. of Penzance.
Its lowest section was 70 feet long
and about 18 inches in diameter,
an unwieldy load. A wrought iron
‘tabernacle’ was constructed to
house the foot of this monster, and
iron ring-bolts to secure the stays
were cemented into the cliff top
just west of Porthcurno. This site
has been ever afterwards known as
Wireless Point.
“A 1911 photograph shows this
mast with what appears to be a
simple wire aerial system, perhaps copied from Marconi’s first
Poldhu aerial. Below the mast is a
small wooden equipment hut. The
caption simply says ‘experimental
wireless installation.’ Yet the accompanying text, which describes
the cable station in detail, gives
no other details whatsoever of the
mast or its purpose.
“In 1902, Maskelyne, without mentioning that he worked
for a cable company, wrote: ‘I
was commissioned to establish
a wireless station at Porthcurno
for the purpose of signaling to
vessels now being fitted for wireless’. He continued ‘last August

[1902] I went to Porthcurno and
commenced operations. Pending
the erection of the mast I set up
a wooden scaffold pole carrying a
diminutive collecting circuit [i.e.,
an antenna] in order to make preliminary tests and adjustments.
At once I began to receive signals
and messages in Morse code.’ This
was already a somewhat damning
statement as one purpose of Marconi’s tests at the time with the
Italian cruiser Carlo Alberto was
to refine Marconi’s selective tuning
or ‘syntony’ which allowed several
stations to operate simultaneously
without mutual interference, but
significantly it was also claimed to
provide privacy. Clearly it did not.
“Maskelyne continued ‘when
eventually the mast was erected
and a full sized collecting circuit
installed the problem presented
was not how to intercept Poldhu
messages but how to deal with
their enormous excess of energy.
That of course involved no difficulty, and by relaying my receiving
instruments through landlines to
the station in the valley below I
had all the Poldhu signals brought
home to me at any hour of the
night or day.’ To prove his point
The Electrician then published a
facsimile copy of the Morse inker
tapes recorded at Porthcumo. So
much for privacy!
“Maskelyne then went on to
address the matter of reliability
and seems to have relished the
fact that his industrial espionage
showed Poldhu taking over twentyfour hours to get one simple message through to the Carlo Alberto
somewhere in the Mediterranean.
Marconi’s associate Luigi Solari
reported a speed of 15 words per
minute. But the messages had been
heard at Porthcurno at only five.
“Maskelyne also noted occasions when two transmitters were
on the air simultaneously from
Volume 25, 2012 151

AWA Review 2012.indb 151

19/06/2012 6:41:49 PM

Lee de Forest and Wireless in War
Poldhu, incorrectly inferring it was
a deliberate attempt to prevent unauthorized listeners from receiving
anything but a jumble. Maskelyne
however, reported that he had ‘by
suitable choice of capacity and
induction sorted out the two sets
of signals.’ This was obviously an
experiment in ‘syntony’ perhaps
in conjunction with the Bass Point
station. Maskelyne showed that an
ability to tune selectively, perhaps
breaching Marconi’s four-sevens
patent, was not a monopoly of
Marconi’s equipment.
“Maskelyne left Porthcurno on
Sept 12th, but by then cable station
staff and especially senior technician John Jeffrey had been introduced to the mysteries of wireless.
They continued to monitor Marconi’s experiments and report back
to the ETC Head Office.
“Progress at Wireless Point.
In December 1903 the ETC, still
unconvinced it had chosen the best
wireless available, investigated
the De Forest system. ETC also
sent its scientist and engineer William Duddell to look at Poulsen’s
arc system in Copenhagen. ETC
reviewed almost every wireless
system except that of Marconi
himself….”

Mr. Packer presents an inker
transcript of an intercepted 1902
Marconi message (Figure 1). It
reads:
“[…] your Majesty[’]s embassy
sends by Marconi[’]s telegraph
humblest homages Carignani to
Italian cruiser Carlo Alberto Your
Majesty[’]s embassy sends by
Marconi[’]s telegraph humblest
homages Carignani ZZ”
The repetition implies a concern with error correction and
fill-ins of missed or garbled characters. The actual inker likely used
appears as Figure 2; it is a modified
British War Department inker, not
a cable inker. Maskelyn’s receiving
station appears as Figure 3. The
“iron maiden” remains of his mast
support appear as Figure 4.
Alan Renton is the Archivist at
the Porthcurno Cable and Wireless Museum. As a result of his
attention and the work of other
dedicated historians there including Mr. Packer, that museum displays a wealth of early equipment.
Some pictures appear nearby. The
station at Wireless Point initially
used a coherer detector (Figure
5). It also seems to have at least
experimented with an electrolytic
detector, as did Lee de Forest. As

Figure 1. Nevil Maskelyne’s transcript of a message from Marconi’s station at
Poldhu in August, 1902, as he published it in The Electrician (London); courtesy
of John E. Packer as it appears in The Spies at Wireless Point [note 2]. The
station used ZZ as its identifier or call sign.
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Mr. Packer writes:
“In 1999 a dusty Morse inker and glass tube coherer were
unearthed in a barn at nearby
Trebehor Farm. The owner, Mr.
Wesley Jeffery, was having a clear
out. Among cobwebs and debris
were corroded brass fittings, electromagnets, motors and barely
identifiable gadgets, all items from
early days at Porthcurno. Mr. Jeffery’s grandfather, John Jeffery,
Figure 2. The modified cable inker for had joined the ETC in 1881 aged
recording signals on paper tape, likely fourteen. He remained there until
the one used by Maskelyne to record 1923, becoming expert in repairing
Marconi wireless transmissions. It was delicate telegraph instruments.
found amidst the artifacts preserved by
Porthcurno technician John Jeffery. Porthcurno was used as a test bed
It is now on display at the Porthcurno for experimental work and trials of
new devices. When one-off items
Museum. Photo by John E. Packer.
were needed, John Jeffery constructed them, doing some of the
work at his family farm workshop
where he had a
lathe. John was
one of those assigned to assist
with the wireless experiments. It is almost certain
that the Morse
inker was the
one used to record Poldhu’s
messages, inasmuch as it is
of a type that
was never used
on a submarine
cable circuit.
Mr. Wesley Jeffery kindly donated the items
to Porthcurmo
museum where
Figure 3. The receiving station Maskelyne used at Porthcur- some of them
no, with his guyed mast and antenna. According to John E. have been rePacker, this photograph is one of a series taken by Vaughan stored to workT. Paul of Penzance, for a 1911 magazine article about the ing order and
Porthcurno cable station, (A Nerve Centre of Empire, in The are on display
Syren & Shipping for January 4th 1911). It appears amidst
in memory of
the interpretive material at the Porthcurno Museum.
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Figure 4. The rusted remains of the “iron maiden” wrought iron cage support
						
for Maskelyne’s mast that held up his antenna for intercepting Marconi traffic.
						
Photo by John E. Packer. The plaque at its base reads: “On the highest part of
						
Rospletha Cliff is a concrete base with an iron cage attached for housing a mast.
						
The mast was erected in 1902 by the Eastern Telegraph Company to monitor
						
Marconi’s experiments on the Lizard. It was supplied by N. Holmans and Son
						
Ltd of Penzance, was in three parts total with a total height of 59 meters (170
						
feet), and had a large aerial attached to its top.”
						
						
ther.”
tor. The museum reconstructed it
						
Poldhu
Amateur
Radio
Club
as it appears nearby by adding a
						
historian
Keith
Matthew,
GØWYS,
then -standard inker cup, which
						
took me along for a visit to the fit perfectly. This cup would have
						
Porthcurno Museum in June held the electrolytic solution. See
						
						
2010. At Alan Renton’s behest, I Figure 8. A 1906 drawing of an
						
examined a then -incomplete and electrolytic detector of the fine						
otherwise mysterious device. See point type (Figure 9) confirms the
						
Figures 6 and 7. The device had identification.7
						
been found in the nearby attic of
These recently discovered ar						
the family of the 19th century cable tifacts show that the talented
						
						
technician, John Jeffery. A wire machinists of the day could put
						
(uncorroded and likely platinum) together interception equipment.
						
descended in a vertically held and It may have been simple but it
						
filed -to -a -point thermometer worked. Moreover, an electrolytic
						
glass tube. The base showed a cir- detector, first invented in Reginald
						
cular trace of what might have been Fessenden’s laboratory, permitted
						
						
a cup, below the thermometer. operators to hear the Morse code of
						
Given these elements, I suggested the wireless messages and thus to
						
to Mr. Renton that the device copy at a much higher speed than
						
operated as an electrolytic detec- inkers could write.
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Figure 5. A coherer that was found
amidst the artifacts preserved by
Porthcurno technician John Jeffery.
It is now on display at the Porthcurno
Museum. Photo by John E. Packer.
Nevil Maskelyn patented a coherer of
a different (compression) design that
he called a “conjuncture.” According
to Packer’s Spies at Wireless Point
[note 2] conjunctures from Maskelyne
were in use there in 1903 with variable results, along with some other
but unreliable Hozier-Brown receiving
equipment (page 16).

De Forest Fails in Ireland and Wales in 1903,
and then Makes a Deal
at Sea
Lee de Forest, like Marconi,
Fessenden and others, saw transAtlantic wireless circuits as the
Grand Prize of the day, although
de Forest sought commercial success in shorter circuits. Wireless
could indeed undercut the cable
monopolies in price and volume
of traffic. But more immediately, it
also promised advances in military,
naval, government and business
communications. De Forest sailed
for England to make his pitches.
Before de Forest’s approach to the
cable companies (and his roughly
contemporaneous approach the
British government for lucrative

Lee

Figure 6. This incomplete device was
found amidst the artifacts preserved by
Porthcurno technician John Jeffery,
and examined in 2010 at Porthcurno
Archivist Alan Renton’s request. Note
the filed -off thermometer glass, the
lever arm that can move it up and
down, and the circular trace beneath it.
The base measures 90 mm deep (3.5
inches). Photo by Bart Lee.

Figure 7. A closer view of the incomplete device preserved by Porthcurno
technician John Jeffery, as examined
in 2010. The filed-to-a-point thermometer glass has an uncorroded,
perhaps platinum, wire threaded down
its center. Photo by Bart Lee.

contracts), he had to demonstrate
his system. He did so in Ireland
(Howth) and Wales (Holyhead).
In Ireland he set up in an old
fortification on the coast near
Dublin at Howth. In defense of
Napoleanic invasion, England had
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Figure 8. An electrolytic detector of the
fine-point type as restored by Curator
John E. Packer and staff from the incomplete device that was found amidst
the artifacts preserved by Porthcurno
technician John Jeffery. The inserted
black cup comes from a then-standard
telegraph and cable inker, according to
Keith Matthew. This electrolytic detector used a screw (a modern replacement appears at the left in the photo)
to adjust the depth of immersion of
the probe attached to the lever, and a
stop to prevent the probe from going
too far down into the cup. Photo by
John E. Packer.

Figure 9. A diagram of a fine-point
electrolytic detector circa 1904 -’05
from A.F Collins, Manual of Wireless Telegraphy (Wiley, 1906) as it
appears in V.J. Phillips, Early Radio
Wave Detectors, (Peregrinus and The
Science Museum, 1980) his Figure
4.4 at page 71; his caption: “Fully
engineered version of the fine-point
electrolytic detector having screw
thread adjustment of the depth of immersion of the fine point.”

erected Martello Towers, round,
tall cannon emplacements. De
Forest installed a station in the
Howth Martello Tower with an
antenna pole next to it (Figure
10). (The Martello Tower is now a
radio museum – Figure 11). A 1903
Scientific American report, picked
up by the Dublin Penny Journal
newspaper, provides much technical detail. This exact same equipment went to war in the Yellow Sea
the next year.
“Wireless Telegraphy. The De
Forest System. The Tests Across
the Irish Channel. During the
early part of last December [1903],
Dr. Lee de Forest, inventor of
the De Forest system of wireless
telegraphy, conducted, under the
auspices of the British Post Office, a series of experiments with
the system between Holyhead
and Howth. These experiments
were very successful. We are now
enabled … to give our readers a
complete description of the apparatus used at the tests, together
with interesting photographs of
the stations [The Penny Journal
substituted a drawing of the Howth
station.] The distance in a direct
line between the two stations is
64 miles. At Howth the apparatus
was installed in the old Martello
tower, at present used as a cable
station, the government mast, 120
feet high, being utilized for the
erection of aerials…. the successful
results of the experiments deserve
all the more credit, for communication between the two stations
was maintained with practically
free Hertzian waves – that is, the
waves were not attended with the
usual earth currents [for want of
good grounds]. The accompanying
diagrams illustrate the connections
of the transmitting and receiving
apparatus used at each station….
The helix, F was made of 1/4 inch
copper tube, coiled in a spiral 18
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Figure 10. This is a drawing of the
Dublin area Howth Martello Tower in
use by Lee de Forest in 1903, with
a tall mast holding up his antenna
system. This drawing appeared in
the 1904 Dublin Penny Journal [note
8], after a photograph in Scientific
American illustrating a report on de
Forest’s 1903 operations at Howth
and Holyhead across the Irish Channel in Wales.

Figure 11. The Howth Martello Tower
used by de Forest in 1903, as it appears today. It houses an Irish radio
museum whose Curators are Pat
Herbert and Tony Breathnach, EI5EM.
The photo comes from the Museum’s
guidebook. Ulysses by James Joyce
opens in a Martello Tower near Dublin, and his Finnigan’s Wake much
concerns itself with “Howth Castle
and Environs.”

inches in diameter. This formed a
cage about the spark gap. The selfinduction of this helix, which could
be varied by means of a moveable
contact, was utilized to obtain an
approximate syntony [tuning]
of the system. Owing to the high
frequency of the oscillations, a
very slight movement of the contact sufficed to produce a marked
effect upon the waves emitted….
The responder [in the diagram
“O” -- an electrolytic detector] …
works on the same principal as
the original responder invented
by Dr. de Forest. This, our readers
will remember, was an electrolytic
device, which was self-restoring on
reception of the Hertzian waves.
The local receiving circuit included
a potentiometer R, and the signals
were produced in the telephone P.
In tuning up the receiving system,
the inductances K, L and the capacity N were adjusted to syntony with
the transmitted waves.” 8
The drawn illustrations show
the tower and antenna, and diagram de Forest’s multiple wire
antenna and the transmitter and
receiver (Figure 12). Small gaps
sparked over to connect all of the
wires for transmission, but insulated all but one wire for reception. On transmit, this antenna’s
resonance would likely have been
broad rather than a narrow peak,
like a horizontal “cage” antenna.
It may thus have been forgiving
of variations in the frequency of
excitation.
Two further salient points
emerge from the Scientific American report. First, the de Forest
system handled traffic at 30 words
per minute, the highest speed of
any wireless system. Thirty and
more words per minute exceeded
by two and three times the working speed of Marconi’s and similar
coherer -based systems. “Those
who witnessed the experiments
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on a much higher frequency, as Marconi
had gone to lower frequencies and longer
wavelengths for long
distance work.
But it is the ear,
not the eye, which
explains the technical
success of Lee de Forest’s means of wireless telegraphy. Lee
de Forest pursued
the aural pathways
of communications,
ultimately to radio
broad casting and
movie sound. 9 Initial implementations
of wireless telegraphy
modeled themselves
on cables and landline telegraphy. They
displayed messages
to the eye by way of
“inkers” that put dots
and dashes of Morse
code on paper strips.
Figure 12. The circuit of de Forest’s 1903 Howth and (Even Ambrose FlemHolyhead transmitter and receiver, and his antenna, ing patented his revas published in Scientific American in 1904 and the olutionary vacuum
Dublin Penny Journal. The “self-restoring” electrolytic diode “valve” as a
detector appears at “O” but according to the article, it means to deflect an
is not de Forest’s earlier type (presumably the spade
detector) but a later type, likely a compression type. observed galvanomThe self-restoring detector permitted reception of high eter). The wired and
wireless communicaspeed Morse code traffic by ear.
tions services were
were surprised at the high speed happy to have such written records
at which messages were sent, with of traffic, a convenient practice of
the normal rate being about thirty the time. The message either got
words a minute.” Secondly, the de through or it didn’t, much like toForest system did not suffer any in- day’s digital signals. The coherer
terference from a nearby Marconi detectors required a minimum
station; it was “… not in the least signal level, although signal level
affected by the Marconi station generally was not an issue with
which was operating three miles the mature cables systems and
away.” This suggests sharper tun- telegraph lines. De Forest, on the
ing than might have been expected other hand, listened for signals,
from the other circuits of the day, with the very sensitive human ear.
including Marconi’s. Given the (So did Marconi in Newfounddescription of the transmitter, it is land in 1901, and so did Marconi
also likely that de Forest operated company operators when using
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magnetic detectors after 1902, and
Fleming valves after 1904).
De Forest’s detector (he called
it a “responder’) was an electrolytic type that he modeled on one
seen in Reginald Fessenden’s
laboratory. It demodulated radio
frequency signals into audio frequencies heard on headphones.
De Forest then hired fast landline
telegraphers who copied by ear.
Moreover, de Forest, at the
yacht races of 1903, soon discovered that his operators could pick
out his higher audio frequency
signals, created by alternating
current generators rather than
inductance coils with low audio
frequency interrupters, amidst
the mix of generally lower audio
frequency spark signals that filled
the ether during that race.10 This
provided another dimension of
intelligibility. But generally there
was only long wave Marconi to
contend with. Coherer -based
systems such as Marconi’s could
not copy de Forest’s much faster
traffic and certainly not distant or
weaker signals, even if tuned to the
frequency of transmission.
De Forest thought the test of
the winter of 1903, between Ireland and Wales, had gone very
well. He didn’t understand why
the British government never followed through on the successful
tests. In 1931 articles and in his
autobiography, de Forest tells of
the tests and the results:
“That Summer of 1903 was
indeed momentous in wireless history. As a result of our fine work for
Sir Thomas [Lipton] on the [yacht]
Erin [during the 1903 yacht races],
the British Post Office that fall invited a demonstration of the ‘amazing’ Yankee wireless system in
competition with their own, across
the Irish Channel, where Sir Oliver
Lodge had shortly before essayed
a trial of the Lodge-Muirhead

system, from Holyhead, Wales, to
Howth, near Dublin. [Harry] Mac
Horton and I therefore assembled
two sets and, trusting to find
necessary engine equipment and
another good operator in London,
sailed on the old S.S. Majestic, on
my first trip abroad.
“I’ll never forget … the nights
with Horton and [Frederick] Cornish (our British operator), fighting off chilblains with the aid of
3-Star Hennessy before the roaring
fire of the old Howth Bar….
“At last the day of the test
when the dignified silk-hatted
official delegates from the G.P.O.
[General Post Office] in London
arrived at each station to watch us
do our Yankee damnedest. They
wrote out code messages which
Horton and Cornish (who was
exceptionally fast for an Englishtrained operator), ripped across
“With looseness” at 35 words per
minute in continental Morse. The
Lodge -Muirhead system had exhibited a maximum of 18 words
per minute (when it functioned).
Then the officials themselves gingerly donned the cans, the first
time they had ever received code
through telephone receivers, and
conversed slowly back and forth
with no difficulty except that due
to their inexperience in sound receiving by spark note. With sheer
amazement they witnessed the
ease and speed with which my two
boys, eighty miles apart, slammed
up and down the antenna transfer
switch and got back their replies
from their chattering American
keys, far faster than the officials
could write off their messages. It
was, in short, a day of complete
triumph for American wireless
almost at the very birthplace of
wireless telegraphy -- an eye and
ear opener indeed for Englishmen.
“The tardy report of their tests
and findings finally filtered through
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the cumbersome files of the British
General Post Office -- and there the
matter rested and died. For Great
Britain decided that any wireless
system as simple and rapid as ours
could not possibly be safe and reliable; the more dignified European
methods of Marconi, Lodge and
Slaby -Arco must be, by the very
nature of their strictly scientific
origins, ‘quite the best, don’t you
know.’
“However, it was not long thereafter before alternating current
generator transmitters, self-restoring detectors and headphone receivers began to appear in certain
British (and German) wireless stations. Our bleak November labors
had at least driven a nail into the
coherer’s coffin.”11
The electrolytic detector performed free of the electro -mechanical limitations in speed and
sensitivity of the tapped filings
coherer. By taking traffic by ear,
de Forest circumvented the speed
limitations of the inkers in use with
coherers. The British inspectors
seemed impressed, but …
Irish radio historian Tony
Breathnach, EI5EM, a principal
of the Howth museum, suggests
British skullduggery:
“It has been argued, with some
justification, that de Forest’s system was far more efficient than
Marconi’s. It facilitated faster
sending speeds and incorporated
many innovated features. However, as often happens, the best
system did not carry the day. Members of the British establishment
and those with influence already
had shares in the Marconi Company. It was not in their interests
to see de Forest awarded the Post
Office contract. A British government inquiry into allegations of
corruption was published in 1912.
Alas, all of this was too late for de
Forest.” 12

The official Marconi history
limits its discussion of the 1912
scandal to events of the day. Allegations in connection with the then
proposed Imperial Chain of Marconi wireless stations13 certainly
were the central focus of the 1912
investigation (and not what might
well have been a 1905 prequel to
that scandal).
Rejection and Renaissance:
A. Lee de Forest, Sailing Away
From “Perfidious Albion,” Sees another Door of Opportunity Open
De Forest offered his system,
using electrolytic detectors, to
the cable companies. There is no
evidence of any interaction between him and Maskelyne, or of
a visit by de Forest to Cornwall.
At Holyhead, he would have been
close enough to Poldhu to take a
look, but whether or not he did is
not now known. (In a recent well
-researched detective novel full of
wireless intrigue circa 1903, Death
on the Lizard, de Forest, known
to have been a golfer, may well be
skulking around the area).14
But Maskelyne and the cable
companies had made their point
by the fact of interception. Communication through the ether,
Maskelyne proved, could hold few
secrets. Even if ciphered, it gave
itself away. It was inherently insecure, compared to hard -to -tap
cables.
What is known is that on July
12, 1903, according to rough-copy
minutes of the Eastern Telegraph
Company, the company Electrical
Department submitted a report to
the Board of Directors in London
about the De Forest Wireless Telegraph System. At the same time the
Managing Director informed the
Board that: “Fessenden, America,
who claims superiority over all other wireless systems, is submitting
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details of his system to Coy. [sic:
Company].” 15 Fessenden’s system
used the original electrolytic detector that he (or according to de
Forest, his assistant Dr. Frederick
Vreeland) had invented, which
permitted high speed messaging.
In 1904, a London agent for
de Forest approached the cable
company in connection with a proposed U.K. De Forest enterprise.
The fair -copy minutes (Figure 13)
read:
“Wireless Telegraphy … De Forest Company … Letter submitted
from Mr. Samuel Barber, 26 Old
Broad Street, soliciting the support
financial and otherwise of the Associated Telegraph Companies, and
or the Globe Telegraph Trust Coy
[sic: Company] to the proposed
De Forest Wireless Company. It
was resolved that the Board could

not at present entertain a proposal
binding this Company to any one
system of Wireless Telegraphy.” 16
The same minutes reflect the
companies’ continuing concern
with maritime wireless and the
companies’ interception of Marconi traffic:
“Wireless Telegraphy … Letter
was submitted from Superintendent, Porthcurno dated 13th October, reporting that the Hamburg
American Liner ‘Moltke’ called up
the Lizard Wireless Station on the
13th inst. and sent seven wireless
messages.”
The German liner was likely
equipped with German Slaby -Arco
equipment. Marconi stations until
1903 generally refused traffic from
ships not equipped with Marconi
gear (which lead to the 1903 Wireless Conference after a diplomatic

Figure 13. Minutes of the Board of Directors of the Eastern Telegraph Company,
July 22, 1904, extracted and graciously provided by John E. Packer [note 16],
rejecting a de Forest overture.
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incident). 17 Hence this traffic was
worth noting.
The cable companies did explore a partnership with Marconi
to handle by cable wireless traffic
from a proposed circuit between
two settlements in the then -Portuguese colony of Angola, according
to rough -copy minutes of 1904.
So, cooperation between the old
and new technologies was in the
offing early on.18 It was, however,
Lee de Forest who had first linked
a wireless circuit to a cable circuit
in August 1903, in providing wireless capability to the U.S. Army in
Alaska.19
But at the end of 1903, Lee de
Forest had completed his demonstrations in Great Britain, of
which nothing came. De Forest’s
equipment was unsuccessful as a
business proposition in Britain,
although its technical level was
advanced, particularly in using
the self-restoring (no tapper)
electrolytic detector “responder.”
His high performance wireless
system also went ignored by the
British government. De Forest
nonetheless took such pride in his
electrolytic detector device that he
made his New York cable address
“Responder.”
We now know, however, (and
thanks to Peter Slattery) that
exactly the same state-of-the-art
equipment later provided a key
espionage circuit for the most
sophisticated command, control,
communications and intelligence
operation that warfare had seen up
to then. The Japanese Navy took
advantage of Lee de Forest’s advanced system for naval espionage.
De Forest sailed for home,
embarking on December 23. If
“Fortune favors the prepared
hand,” it smiled on de Forest on
that voyage. By coincidence, Lionel
James, a correspondent for the
London Times also took passage.

The Times was sending James to
China to report on the looming
conflict between Japan and Russia. De Forest retails his version of
their travel together:
“But definite good did result
from that first American invasion
of the European ether.
“[Mac] Horton and I returned
on the same old ship, ‘Majestic’
with Capt. Lionel James, famed
War Correspondent of the London
Times, en route via New York, for
the Orient, where Russo -Japanese
war clouds were then threatening.
We learned of his presence as we
sailed from Liverpool. Also that
Prof. [Reginald] Fessenden, my
greatest wireless rival was likewise returning to America [on the
Majestic]. Whereupon Horton and
I promptly made James’ acquaintanceship and between us never
left him alone for one waking hour,
all the way across! By the time our
iceclad vessel sighted Sandy Hook,
New Year’s Day, 1904, we had
thoroughly sold Capt. James the
idea that his way to be up-to-date
and scoop the entire press world
was to take with him to Japan two
complete DeForest wireless sets,
like those we had so satisfactorily demonstrated across the Irish
Sea.” 20
Lionel James, on the other
hand, said that he took the initiative, according to Peter Slattery.
James had seen wireless used in
the September 1903 New York
yacht races. Contemplating the
hardships and difficulties in communicating dispatches which correspondents faced, he wrote:
“ …there had always remained
in the back of my mind an idea that
much of the labor, much of the risk
and loss, and not least, perhaps,
much of the personal discomfort
might be avoided by use of the
scientific progress made in the experiments with Hertzian waves.”21
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Slattery writes, quoting James:
“It is clear that the initiative for
the two to meet came from James
[(with de Forest) ‘rising to my
bait with alacrity’]. It was he who
sought out de Forest…. De Forest
is correct in recalling that it was
he who convinced James of the
scheme’s practicality…. De Forest
convinced him that his [James’s]
idea was sound:
‘Dr. de Forest promised me that
if I succeeded in erecting a mast
180 feet in height on the China
coast and used it in conjunction
with a moveable station which
showed an exposure of at least
120 feet of wire, that he would
supply me with a set of apparatus
and expert operators who would
transmit messages with accuracy
for 160 miles’ ” 22
James persuaded the London
Times to make a deal with de Forest, by which James inherited all
of the British experiment’s two stations worth of equipment and got
two seasoned operators as well as
engineering. James settled on the
idea of using a ship (as it happened,
the S.S. Haimun) as a reporting
platform, because it could get close
to the action. Also, its correspondent aboard, unlike an embedded
reporter with a national fleet, could
report right away rather than having to wait until his ship reached a
port. De Forest got the two tons of
his wireless system “machinery”
from Britain to New York in short
order, refurbished it, and sent it on
to Seattle for the voyage to China.
As Lee de Forest relates:
“Then was another wireless
impossibility accomplished. There
was no proper equipment available
except those two sets in Holyhead
and Howth. We cabled our British
representative, fortunately very
much of an American, to instantly
locate Cornish, our ‘limey’ operator, and get him to pack up and

express to Liverpool both wireless
sets, then rusting in their shacks
on those far-separated bleak cliffs.
“I believe no Englishman ever
before hustled as Cornish hustled.
He had thoroughly learned how
from Horton, and a trip to America
and Asia was to be his reward if he
could catch that boat. He properly
packed and brought two tons of
machinery on board as personal
luggage. That just saved the bacon
for us. The entire equipment was
unloaded, overhauled, repaired,
repacked, and jammed into a
chartered express car direct for
Seattle within thirty-six hours after
the ship docked at New York. But
the excitement and triumph was
too much for Cornish. Prohibition might have saved him for the
Japanese expedition; but this was
fifteen years before Volstead!
“Hence a frantic call for volunteers. [‘Pop’] Athearn was already
slated to go west with Cornish.
[Harry] Brown, of the recent yacht
race episode, answered the call.
So these two fine American wireless operators accompanied the
express car to Seattle, caught the
Empress of China by the skin of
their teeth, and thus saved the day
for ourselves and Lionel James.
And again wireless history was
made, thereby making the entire
world wake up and recognize the
utility of this startling new American enterprise.
“Never before had wireless
been used for press reporting.
Here was an ideal opportunity -war maneuvers around the China
Sea, where existed no means of
communication whatsoever, save
by boat and courier; James had
chartered a swift tug for his press
scout work, destined to make history in war news. He and his boat
were ready when my two men arrived in Shanghai. The equipment
was transferred to the Haimun,
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and she speeded off for Weihaiwei.
Working like demons, Athearn and
Brown installed our set indoors on
the ship. The sturdy English Fairbanks Morse engine from far-off
Holyhead was ready for shore duty.
“Then Lionel James promptly
began to electrify the press of the
world. His American wireless enabled the London Times and its
New York and Philadelphia correspondent papers, to scoop the
other newspapers -- not merely by
hours, but frequently by days.” 23
The S.S. Empress of China had
left Vancouver for Shanghai with
all aboard, including De Forest
Company operators Pop Athearn
and Harry Brown, on January 25,
1904.24 James sailed for Yokohama
on the S.S. Siberia, with permission of the Times to charter a vessel
to report the conflict.
B. Spying as well as Reporting
at Sea
James’s enterprise in Japan
reached beyond merely seeking
permission to report on events by
sea. He volunteered, in his words
two decades later “ … to become
a licensed spy for the Japanese
Navy.” James made a deal with the
Japanese Navy that his proposed
vessel would carry a Japanese officer expert in wireless telegraphy
as “… an intelligence officer for
Admiral Togo’s fleet” as James described him.25 That officer would
be Commander Kurakichi Tonami,
who had been the Navy’s wireless
expert since 1899.
James’s deal with the Japanese
Navy is less surprising than it
might seem, because Britain had
entered into a treaty of cooperation with Japan in 1902, aimed at
Russia.26 For example, the British Army in Malaya and China,
within a couple of years, shared
with the Japanese intercepted
Russian wireless and cable traffic.27 Realpolitik being what it is,

Britain disclosed to Japan, after
the Treaty of 1902, its own state
-of -the -art wireless systems (Marconi’s and Royal Navy Captain
Henry Jackson’s). These otherwise
secret technology implementations
enabled Japan to leap ahead of
Russia in communications capability and readiness. The United
States also determined to “tilt” (in
Henry Kissinger’s word) in favor of
the Japanese and against Russia,
threatening Germany and France
to keep them neutral.28
Shortly after that treaty of 1902,
the very same Commander Kurakichi Tonami, along with a Navy
colleague, Prof. Shunkichi Kimura,
got to investigate Europe’s state
-of -the -art wireless. A published
report in 1903 summarized:
“Wireless Telegraphy In The
Japanese Navy. Colonel Tonami
and Engineer Kimura, both of the
Japanese navy, who have been
studying in Europe the practicability of wireless telegraphy, have
returned to Japan. They have
brought with them a complete
set of apparatus for conducting
experiments. It is expected that
there will soon be an adoption of
wireless telegraphy in the progressive Japanese navy.” 29
The British permitted Japanese
officers visiting the British Fleet
at Malta in May 1902, to observe
the state -secret “new wireless
telegraph.” These full disclosures
have been attributed to the then
newly-concluded treaty. The British even lent them a coherer for
experiments on their way to England. These officers made a full
report to the Japanese navy of their
investigations and results in the
fall of 1902,30 perhaps precipitating
Tonami’s mission.
Back in Japan, Tonami worked
with his engineer and others to create the Japanese Navy’s wireless
sets Types 34 and 36. Britain at the
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time wished to constrain Russian
ambitions, for example by bottling
up the Black Sea Fleet in the Black
Sea. By catapulting themselves
into the 20th Century world of war
with modern technology (largely
modeled on the British systems),
the Japanese repaid British post
-treaty solicitude. Disclosure of
Britain’s wireless telegraphy technology to Japan had world -historic consequences.
In the Far East, James set up
his shoreside station, primarily for
reception (see Figure 14) in China,
on the west coast of the East China
Sea in the Yellow Sea at Weihaiwei,
a British -leased enclave 115 miles
from Port Arthur, the Russian
-leased enclave. See map, Figure
15. Weihaiwei enjoyed Eastern
Telegraph Company cable connections West to London. Pop Athearn
(all of 21 years old) handled the
shoreside operations. Harry Brown
(all of 30 years old) operated from
the chartered vessel the S.S. Haimun.31
James had chartered the Haimun, 1,300 tons, and fairly new,
through British connections. She
had served both the British in
the 1900 Boxer Rebellion and the
United States in the Philippines.
But first Brown and Athearn had to
get the wireless equipment working at Shanghai, and then get it
transported.
The war, however, would not
wait: the Japanese attacked the
Russian -held Manchurian enclave
of Port Arthur on February 8, 1904.
Diplomacy had failed, and the first
war of great powers in the 20th
century started with a surprise attack. James (still in Japan) and a
colleague reported by dispatch to
the Times on February 11, 1904:
“ … three Russian vessels – two
battleships and one cruiser – apparently total wrecks. The Russian
Fleet appears completely demoral-

ized….” 32
In transit at Kobe, the de Forest
wireless operators participated in
the populace’s celebration of the
victory at Port Arthur and discovered sake. “We were astounded by
the spirit of patriotism which we
saw manifested by the people.” 33
On February 12, James made a
proposal to the Japanese Navy, as
Peter Slattery writes: “ …offering
to put the Haimun, its wireless
and its operator at the service of
the Japanese forces in return for
opportunities to gain war news.”
In an interview with an Admiral, he
offered to take aboard a Japanese
officer as his translator. This offi-

Figure 14. The wireless station at
Weihaiwei built by de Forest employees Harry Brown and Pop Athearn,
with a 170 foot tall mast (here storm
damaged). David Fraser, a correspondent colleague of Lionel James, took
the photo in 1904 and published it in
his book A Modern Campaign (1905).
It appears in Peter Slattery’s Reporting the Russo–Japanese War as
Plate 5, after page 76 [note 3].
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Figure 15. A map circa 1904 of China, Japan and the Yellow Sea, which also
shows some cable connections. Weihaiwei is on the peninsula jutting into the
Yellow Sea from China on the left. Port Arthur is on the peninsula jutting down
from Manchuria near the top of the Yellow Sea 115 miles North. The source is
Cassell’s History of the Russo-Japanese War, 1905; the map is now accessible
as commons. wikimedia.org/ wiki/File:Jap-Rus_Image7.jpg .

cer was to be one of the Japanese
Fleet’s intelligence officers. Thus
James intentionally made himself
and his vessel operatives for Japanese naval intelligence.34
The Navy agreed and gave him
sailing orders empowering the onboard officer to manage the wireless communications and control
the travel of the vessel. The Navy
also assigned to the Haimun a
unique wireless numerical identifier, as a callsign. By this means
it could call to Japanese stations
and specifically be called by them,
without identifying itself.35 (The
transmission from the Haimun
differed in speed, and for anyone
listening, tonality, but the callsign
may have provided some more
security at least in reception).
Slattery notes: “The officer was a
wireless specialist who would have
his own codebooks and wireless

communication with Japanese
stations, and act as a link to the
Japanese Fleet.” 36
The Haimun with the two de
Forest wireless stations and the
two de Forest wireless operators
got to Weihaiwei on February 18.
Athearn and Brown overcame
many challenges in getting operational. “…It was necessary to erect
a pole 170 feet in height for the
receiver. ”37
Commander Kurakichi Tonami
came aboard, in civilian clothes
and not in uniform, on March 7, as
the Haimun (at Japanese Navy direction) called on Nagasaki ostensibly to take on coal.38 On March
14, James met de Forest’s men at
Weihaiwei, (see Figure 16) and
sailed that night, very pleased to
have effected his new and unique
idea of reporting war by wireless.
After a test at 20 or more miles out
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also carried this and all subsequent
marine dispatches, all (but one)
noting: “By de Forest’s wireless
telegraphy.” James, with a much
-involved Tonami aboard, moved
the Haimun into the action.
When James saw Russian battleships ten miles out of Port Arthur in the third week of March,
he radioed his observations direct
to the Japanese Fleet, pleasing
Tonami.42 After a lull, Tonami
suggested sailing out of Weihaiwei to contact the Japanese Navy
for leads as to the most productive areas.43 James and Tonami
developed a cordial working relationship, once Tonami appreciated
the care with which James treated
Japanese naval interests in his
reporting at sea.44
In James as a spy, the Japanese
got a great deal – commitment,
years of experience as a war
correspondent,
good cover,
and de Forest’s
unique and advanced communications system. In James
as a paying customer, Lee de
Forest also got
a bargain: world
-wide publicity.
He reports a
1904 letter from
his brother in
New York, about
the New York
Times advertising of the dispatches:
“ ‘They [the
Figure 16. Harry Brown, Pop Athern, Lionel James and N e w
York
Commander Tonami (on the right) standing in front of the T i m e s ] h a v e
wireless station at Weihaiwei in 1904. David Fraser, a cor- p l ac ard e d al l
respondent colleague of Lionel James, took the photo in 1904
and published it in his book A Modern Campaign (1905). t h e e l e v a t e d
A larger version appears in Peter Slattery’s Reporting the stations in New
York with the
Russo –Japanese War [note 3] as Plate 7, after page 76.

from Weihaiwei, James started his
war reporting by marine wireless
telegraphy.39 See Figure 17 for the
Haimun rigged with the de Forest
antenna.
At one point, Brown’s transmissions could be copied from
240 miles at sea. As soon as Athearn at Weihaiwei got good copy,
he passed it on to the Eastern
Extension Telegraph and Cable
Company (one of the Porthcurno
companies), by messenger, for
transmission to London. “In less
than half an hour after a message
started, and it started as soon as
anything developed, it was on its
way by cable.” 40
James’s first radioed dispatch
appeared in the London Times on
March 16: “By de Forest’s wireless telegraphy.” 41 The New York
Times, a partner in the enterprise,
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content, because
the messages were
ciphered, but on
the basis of rudimentary ‘traffic analysis’ techniques.” 47
James well
understood what
became known
as traffic analysis. In a barely
fictionalized series of accounts of
the war,48 he tells
of an instance. A
Figure 17. The S.S. Haimun sails the Yellow Sea at war
in 1904. Note the antennas on the aft mast. One F.L. Russian Admiral
Blanchard made this drawing after a sketch by Lionel gets a strip of inkJames and it was published in The Graphic (London) on er tape from the
May 14, 1904, according to Peter Slattery in Reporting wireless room.
the Russo –Japanese War [note 3], where a larger ver“It was a jumsion appears as Plate 10, after page 76. Slattery notes ble of dots and
that at one point, Jack London also took passage on the dashes. The mesHaimun as a war correspondent; he was accredited to
sage was Japathe San Francisco Examiner.
nese. It did not
“Times – de Forest” posters and matter if it was in cipher. The
great is the wrath of our rivals, Admiral could read the history the
Marconi, Fessenden, Graf-Arco.’ tape related as clearly as if it had
” 45
been in his own language. It meant
James appears to have sent that the Japanese patrol-boats had
about nine such marine dispatches made his movement out. That they
had raced to the guardship with
from the Haimun.
The de Forest wireless operator the news, and that the guardship
aboard the Haimun, Harry Brown, was now transmitting it, as fast
thought Tonami, whom he took to as the wires could make it, to the
be the “censor,” nonetheless “ … a Japanese fleet…”
James tells a second wireless
great little fellow.” He continued:
“He knew everything about na- story from a Japanese perspective:
“Two men sat crouching over a
val affairs. Maybe he was an officer
in the Japanese Navy. You never charcoal fire in the worst apology
can tell just what a Jap really is, as for a hut that imagination could
they are not inclined to be talkative conceive…. Outside a very tumult
about their official positions. At raged… [but] the light was good
any rate, from the messages he and bright – well it might be for it
passed, he was the best censor was electric…. A bell rang – electric
Capt. James could have had.” 46
too – and presently a wheel began
A recent American analysis to click, slowly but deliberately….
suggests:
Both men listened, nodding out the
“During the Russo -Japanese dots and dashes as they read them.
War … the Times personnel began Then one of them jumped to his
to base stories on analysis of in- feet. ‘That is it – that is our own
tercepted transmissions – not the – not the honourable Russian.’ …
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the symbols were ticked off on it
at the rate of ten to fifteen words
a minute. All the men could tell
was that it was their own cipher…
it was to be transmitted farther….
The great spark crashed out, filling
the room with a white blue glare….
Over sixty miles across that stormy
sea it had come. It was now going
seventy miles through space to the
receiving station. In two hours, the
Admiralty in Tokio would know
how two destroyers had … at Port
Arthur … disabled another Russian
battleship.”
On a least two occasions, Brown
copied Russian traffic, passing it on
to the Japanese. One intercept permitted the Japanese to destroy a
Russian wireless station just north
of Weihaiwei. The other led to
decipherment by the Japanese and
significant news for James as well,
about the later death in mid -April
of Russian Vice-Admiral Stepan
O. Makarov, the Commander of
the Russian Fleet. See Figure 18.
It is likely that James was writing
about Admiral Makarov, a wireless expert, in his account of an
Admiral drawing inferences from
the facts of Japanese naval wireless traffic. The story also fits the
facts of the naval engagement in
which Makarov lost his life and his
battleship.
James kept up his roving maritime reconnaissance from the beginning. 49 But the Russians, and
likely Admiral Makarov, who was
the Russian Navy’s foremost exponent of wireless communications,
smelled a rat.
The Russians boarded the Haimun on April 6. James knew he
could face internment but Tonami
knew he faced death if discovered.
On diplomatic duty in Paris, he
and the Captain of the Russian
intercepting ship, the cruiser
Bayan, had known each other.
Tonami knew that the Captain

Figure 18. Admiral Stepan O. Makarov, Russia’s leading exponent of
naval use of wireless, and commander
of the Russian naval forces until his
death on April 13, 1904, when his flagship, the Petropavlosk, hit a Japanese
mine. This portrait comes from Radovsky, Alexander Popov -- Inventor
of Radio [note 58], plate after page 92.

would recognize him as a Japanese
staff officer. He prepared himself
to take his own life rather than be
captured as a spy.50
James claimed that he had a
better idea and disguised him as
a Malay sailor and made him the
temporary helmsman. The boarding officer inspected the wireless
cabin and read the official traffic.
James had sent a last message saying that the Russians were boarding. He gave a copy to the officer,
who then knew the world was
waiting for further word. Then,
pure, seasoned genius, James lied
to the officer, claiming to have seen
four Japanese cruisers nearby that
could cut off the Bayan and its
Admiral (Makarov) from their port
and maybe sink them as well. The
Bayan fled. James and Tonami got
away with it.51
Volume 25, 2012 169

AWA Review 2012.indb 169

19/06/2012 6:42:01 PM

Lee de Forest and Wireless in War
The de Forest operator, Brown,
shared his perspective:
“On April 6 we had our most
trying experience…. There were
two Russian officers in charge of
the party that boarded, and they
inspected everything, from our
papers to the wireless instruments.
The Russians had not yet reached
the side of the Haimun when Capt.
Tonami disappeared from view.
He didn’t put in an appearance at
all, and we explained his absence
to the Russians by saying he was
a coolie whom we employed as a
servant, and that he was mortally
afraid of Russians. The Russian officers laughed, and said we needn’t
send for him. After the Russians
had left, and they left in a big hurry,
too, I went to search for the Jap.
I found him in his cabin. He had
disrobed, and was standing, knife
in hand, ready to commit hara-kiri
if any attempt has been made by
the boarding party to make him
prisoner. When we told him they
were gone he laughed and said
‘All right,’ but he would have killed
himself as sure as I live if one of
the Russians had made any move
toward him. He didn’t propose to
be captured for a minute.” 52
Brown continued, speculating
on the hasty exit of the boarding
party:
“The way I figure it out is that
the Russians had heard the Japs
working their wireless, and then
had heard our message, and concluded that they didn’t have time
to pull us into Port Arthur.”
The British steamer S.S. Hipsang, a little later, was not so lucky.
A Russian destroyer sank her on
July 16, 1904. James believed the
Russian Captain mistook her for
his wireless boat. In his “fictionalized” account, he has the Russian
captain explain about “newspaper
boats”:
“ … the most noxious of these

boats was one equipped with wireless telegraphy… then we made
out, or … thought we made out,
her wireless apparatus hanging
from the mainmast…. We obeyed
orders. It was not until we picked
up the captain … that we realized
we had been in error. The vessel
proved to be the Hipsang…. Such
mistakes and accidents must occur
in war.” 53
The Russian sinking of the
Hipsang, despite official courts of
inquiry, and formal protests, was
never otherwise explained.
On April 13, James, Tonami and
the Haimun steamed with the Japanese Fleet, and close into battle.
Tonami disclosed to James that the
Fleet had laid mines outside Port
Arthur. During the engagement,
James saw, at a long distance, a
big Russian ship go down.54 Admiral Makarov’s battleship, the
Petropavlosk, hit at least one mine
and sank quickly, taking Admiral
Makarov, and Russian hopes in the
Far East, down to a cold wet grave.
Brown reported:
“We were still in plain sight of
Port Arthur when the Petropavlosk
came out of the harbor and ran into
the mine which put an end to her
career…. We saw the Petropavlosk
leave the harbor, and then start
back when she saw that the vessels standing in close were merely
decoys. Suddenly a great shaft of
water shot up from her side, and
she began to wobble like a drunken
man. She plunged this way and
that. Suddenly she gave a plunge
and disappeared.” 55
Peter Slattery reports that after
leaving port, the Russian ships
intercepted wireless signals of the
Japanese Fleet. He suggests that
this intercept prompted Admiral
Makarov’s fateful return to port,
through the minefield he did not
know about, although James did.56
It is likely this intercept that James
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“fictionalized” provides an early
example of traffic analysis.
The Japanese strategy of laying
mines and then luring Admiral Makarov’s Flagship through the minefield worked. Makarov’s death had
special significance with respect to
Russian battle communications.
Admiral Itoh57 writes:
“Makarov took up his new position in Lushun [Port Arthur] as
the Commander of Pacific Fleet
on March 8, immediately after the
start of the war. Right after assuming his position, he delivered detailed instructions on the operation
of telegrams [wireless equipment]
to each ship, making it compulsory
to activate telegrams twenty-four
hours per day and to undertake
a roll call every day. Also, he provided each ship with the Japanese
Morse code. The ships of Russia’s
Lushun Fleet were equipped with
wireless telegraphs made by Telefunken Co. The crew members of
the Lushun Fleet included some
experienced active duty officers.
One month after his assuming the
position of Commander on April
13, Makarov died when the battle
ship the Petropavlovsk with Makarov on board, was sunk by an underwater mine offshore of Lushun.
If Makarov was alive, he might
have skillfully operated wireless
telegraphs and been a formidable
opponent for the Japanese. ”
The Soviet era appreciated
Makarov as well,58 as a promoter
of Alexander Popov’s wireless telegraphy technology (see Figures
19 and 20):
“Makarov was one of the very
few naval officers who realized the
importance of the work of Popov
and supported it.”
James wrote as part of his “fiction” account59 (in the voice of a
Russian officer):
“That was a fateful period, because we lost our fleet then. That is,

Figure 19. Alexander Popov as commemorated on a 2009 Russian memorial postage stamp along with one of
his early wireless receivers, and his
notes, as interpretive material.

Figure 20. Naval wireless equipment
designed by Alexander Popov and
made by the Ducretet company in
Paris. These captioned drawings after
photographs come from Radovsky
[note 58], plate after page 116. According to Radovsky, the Russians could
have had the advantage of Popov’s
discoveries and engineering, such as
this set, along with the coordination of
communications that Admiral Makarov
tried to institute. Russia, however,
failed to exploit Popov’s lead.
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we lost Makaro[v] in the Petropavlosk; and when Makaro[v] went,
we felt that we couldn’t hope to
do much until we were reinforced
from Europe.”
At the beginning of the April 13,
1904 battle, Russian shore batteries started firing at the Japanese
Fleet. James got a dispatch out
within a minute. 60 Brown recalled: “Capt. James was writing
the story of the bombardment as
it progressed, and I was sending
right away.” 61 James regarded his
reporting of this critical day of the
war as “ … the most successful day
of my whole journalistic career.” 62
Lee de Forest63 happily claimed
credit (although decades after the
events, de Forest reversed the
actual roles of his two operators
shoreside and at sea):
“It is safe to say that never in
the annals of telegraphy had any
service performed a more faithful
work at a critical time than did
the De Forest system on board the
Times boat Haimun on that morning far out in the Yellow Sea.
“Cruising all about the Yellow Sea, from Chemulpo [Korea]
Harbor, 240 miles away, and even
when at Nagasaki to coal, Pop
[sic: Brown] kept always in touch
with Brown [sic: Pop Athearn] at
Weihaiwei. One notable war message of 800 words flashed over this
distance at twenty-five words a
minute, without a single error. And
that, remember, was in early 1904,
when wireless over such distances
and for swift press purposes was
an absolutely untried experiment.
Nothing whatever today -- true.
But those two lads made wireless
history. Made such significant history that after the first six weeks of
war, during which period Lionel
James and his wireless continued
consistently to scoop the press of
the world, the Japanese military
authorities suddenly revoked his

permit, and summarily dismantled
his tug, forcing him thereafter to
resume the tedious, time honored
methods of his competitors.
“ ‘It ceased because the system proved to be of far greater
excellence than was believed by
the Japanese to be possible; far
superior to their own military and
naval wireless system of communication.’
“These were the exact words
of Capt. James at a banquet given
in November, 1904, in London, in
honor of him and the Americans
who had amazed the newspaper
world by the astonishing efficiency
of our wireless in war journalism.
“It had proven indeed a lucky
chance that Horton and I had
caught the ship at Liverpool, which
carried Lionel James to our shores.
But it was a sore disappointment
to both Horton and Cornish that
neither could accompany to the
Orient the wireless gear which they
had so brilliantly broken in across
the Channel of St. George.”
On April 16, the Russians declared to London and Washington
that they regarded even neutral
vessels with wireless capabilities
for foreign correspondents as
spies. That meant the Haimun.
The New York Times said that
that promised hanging, and protested. The British and American
governments protested. The De
Forest Company protested. Lee de
Forest delighted in the extensive
new publicity given to his system
at work at sea.64
Ashore, Athearn radioed the
warning to the Haimun of the Russians announcement that if such
a wireless equipped vessel were
taken, its crew would be treated
as spies.65
For James, it all became moot
because the Japanese thereafter
kept him out of the combat zones
in the north of the Yellow Sea
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near Port Arthur. Brown reported
that the Haimun’s wireless traffic had interfered with Japanese
commanding Admiral’s wireless
transmissions of general orders.66
It may well be that the Japanese
Navy did not want either of its
seagoing spies captured, interrogated and hanged. James reported
his restriction in a dispatch on
the 15th of May: “By de Forest’s
wireless telegraphy.” James accepted the Japanese limitations,
in part: “Out of deference to … our
peculiar national relationship.” 67
(“Peculiar” means “unique” in this
context, likely a reference to the
Treaty of 1902). But James was
out of the action if not totally out
of business and not happy about
it. Nonetheless, Britain appreciated his accomplishment. Peter
Slattery quotes68 William Preece
of the British General Post Office
(Marconi’s mentor):
“The Times transmitted much
news to Printinghouse Square by
Eastern Telegraph Cable: 2,000
uncensored words were one day
sent across 180 miles of sea at a
mean speed of 30 words a minute,
and thence 14,010 miles to London, where they were printed in
the Times the next morning with
marvelous accuracy.”
Wireless as an adjunct to the
cable system had proved its worth.
In the Far East, intrigue continued: A Russian agent offered
James 20,000 British Pounds
to get an encrypted message to
Port Arthur using the Weihaiwei
wireless. James refused, which is
hardly surprising inasmuch as he
was a Japanese agent, journalistic
ethics aside. Later James had to
hold the Russian agent off with a
Colt pistol. Shortly thereafter, Pop
Athearn reported copying a figure
-cipher Morse wireless message
to Port Arthur; he could tell it had
been sent on Marconi equipment.69

(The Russian Army used Marconi
equipment, and maintained a station at Vladivostok).70
James sent his last dispatch via
Weihaiwei “By de Forest’s wireless
telegraphy” and from the Haimun
on June 6, 1904.71 James went on
to cover the land war in Manchuria
with great distinction after great
hardship.72 Ten years later as an
officer in the British Army, Peter
Slattery reports, he fought bravely
in World War One, twice honored
as “mentioned in despatches” and
awarded a combat Distinguished
Service Order (DSO).
Commander Kurakichi
Tonami’s Wireless Wins
the War, 1905
After June 1904, the new wireless technology played a dispositive role in the ultimate Japanese
victory – thanks to Commander
Tonami’s earlier work. The Russians had the advantage of Alexander Popov’s discoveries a decade
prior, but made nothing of them.
Popov, for example, first used a
tapper to reset a coherer. Then he
invented a coherer that did not
require tapping. Popov made wireless telegraphy available to Russia,
but the Russian military establishment mostly ignored his work. A
Soviet era history73 termed that
dereliction criminal complacency:
“Although the Ministry of the
Navy acknowledged the importance of wireless telegraphy in
naval affairs, in deed it did not
show any initiative at all. In reality,
the Navy remained without radio
equipment, and the production
of such was at the lowest possible
level. The Russo-Japanese War,
which broke out in 1904, showed
how criminal was the complacency
of bureaucratic heads in the Army
and Navy… they did not take a
single practical step to organize
properly the production of radio
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equipment and to supply the units
of the Army and warships with
it…. Makarov spoke of the absurd
state of affairs in the country, for
although radio was invented in
Russia, the country had to order
radio equipment from abroad.”
Admiral Makarov saw the naval
potential of wireless telegraphy
as early as 1897, but a Japanese
mine took him to the bottom of the
sea. Despite Makarov, the Russian
Navy had not exploited Popov’s
lead, and ended up buying German Slaby -Arco -Braun wireless
equipment for its fleets. It was not
seaworthy, and the German company engineers did not long stay
with their equipment. Like the
Marconi gear the Russian Army
bought, it detected signals with
a tapped coherer, and was slow
and insensitive compared to the
de Forest system (although some
magnetic detectors may have been
in use in the Russian Army).
Yet aside from Tonami’s use
of James’s de Forest system, the
heart of which was the electrolytic
detector, the Japanese Navy also
used coherer equipment. It was,
however, better, Japanese -made
gear and Japan used it in its integrated communications and command system.74
But the only reason they had
it at all was Tonami’s (and other
progressive officers’) investigations of British Navy wireless
equipment (with the consent of
the British) and perhaps other
European systems. The British
saw every mutual advantage, after
the Treaty of 1902 with Japan, to
full disclosure of modern methods
of communication. Tonami and
his engineer Professor Shunkichi
Kimura brought the designs back
to Japan. (Kimura much later
founded the Japan Radio Company
-- see Figure 21). They built Type
34, then Type 36 wireless equip-

ment for the Japanese Navy. The
nomenclature refers to the year
of the Meiji era; 36 is 1903. Type
36 bears a strong resemblance to
Marconi/Jackson British Navy
sets, tapped coherer and all. See
Figures 22 and 23.
Thus, and unexpectedly, the
Russians faced an enemy with superior although not cutting edge
communications technology. The
Russians were at a disadvantage in
capability with unsuitable German
equipment, and the Japanese had
an enormous advantage in readiness. The Russians hardly understood how to use their equipment.
The Japanese wove theirs into a
powerful, integrated communications web, on land and at sea.
The Japanese naval historian Admiral Kazuo Itoh argues75
that Japan created what we now
call “net-centric” warfare in 1901
through 1905. Wireless and cables
linked shoreside installations.
Wireless linked an extensive observation network on islands and

Figure 21. Professor Shunkichi
Kimura, later in life. He worked with
Commander Tonami to investigate
wireless systems in Europe and the
United States, and in Japan to implement their principles as the Japanese
Type 32 and Type 36 wireless systems. Image from Sato and Sato, [note
79] at pages 460.
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Figure 22. A Type 36 coherer receiver
in service. Note tapper beneath the
coherer. Image from Sato and Sato
[note 79] at page 460.

coasts. The Navy equipped its warships with state of the art devices
and trained operators and officers
to use them. Admiral Itoh lays this
out, proving examples:
“One dispatch boat was assigned to each Japanese fleet.
There were three dispatch boats
in total. When dispatch boats are
located between ships engaging in
communications, the distance of
communications becomes longer.
Dispatch boats may be allocated
between the fleet and coastal stations and may link up telegraphic
messages. The distance range of
communications for the Type 36
Wireless Telegraph was approximately 80 miles between large
warships, even though the distance
differed depending on the condition of the air and the locations of
antennas. The Japanese Navy used
the dispatch boats for information
exchange with the shore by deploying them inside and outside ports
and offshore near watchtowers.”
Another example has to do with
readiness:
“Also, in accordance with progress on the wireless telegrams onboard ships, the ‘Handling Regulations for Wireless Telegraphs’ and
the ‘Regulations on the Wireless
Telegraphs of the Combined Fleet’
were enacted to direct the operational methods of the wireless

Figure 23. A display of the Type
36 wireless telegraphy system circa
1905, on display aboard the memorial battleship Mikasa in Japan. The
coherer receiver is on the far left. In
the center is a 30 cm (12 inch) inductance coil and spark gap in front of it.
The antenna transmit -receive switch
is at the top center above it. The motor
and belted wheel device on the right
may be a motor generator to power the
spark coil primary. The device in front
of it may be a keying relay. Image from
Rear Admiral Kazuo Itoh, The Battle of
Tashima Was Real Network Centric
Warfare, [note 4].

telegraphs. Other than those, the
‘Secret Telegraph Code’ and the
‘Naval Signal Book’ were developed. The ‘Telegraph Addresses’
that used to be prepared for each
fleet, were prepared as calmly as
those for the Combined Fleet for
the fleet battles. The ‘Type 36 Wireless Telegraph Handling Manual’
and ‘The Russian Signals Book’
that recorded Morse Codes used by
Russians, were also prepared and
distributed to each ship.”
After the losses of 1904 to their
Pacific Fleet, the Russians sent
their Baltic Fleet, enlarged, to the
Far East. The smaller vessels transited the Suez Canal. The British
monitored the Russian wireless
communications:
“An intelligence report on signals intercepted by HMS Diana at
Suez shows that the rate of sending
was extremely slow by British standards, while the Royal Navy interpreters were particularly critical
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of the poor standard of grammar
and spelling among the Russian
operators.” 76
Commander Tonami then spied
on the Russians at Suez with British assistance.77 He watched the
Russian vessels go by, observed
the antennas, and may well have
also monitored the same wireless
transmissions, and reported back
to Japan. Admiral Itoh78 writes:
“Tonami reported to the Vice
Minister of the Navy as to whether
the ships had wireless telegraphs or
not, what kinds of telegraphs they
were equipped with, and where the
telegrams [wireless rooms] were
installed, based on the installation
positions, the heights, and shapes
of communication antennas on
the ships.”
The Russian fleet got to Asia,
some through Suez and the rest
around the Cape of Good Hope, a
tour de force. The Japanese knew
the Baltic Fleet was coming. But
the Japanese did not know, in the
vastness of the Pacific, which of
the several possible routes, East or
West of Japan, which the Russians
would take to get to Vladivostok.
They knew only that the fleet had

left Cam Rahn Bay in French IndoChina.
On May 27, 1905, the cruiser
Shinanomaru spotted the Russian Fleet near the mouth of the
Tsushima Straits between Korea
and Japan. The Shinanomaru’s
wireless message to the Japanese
Fleet ensured an ambush in the
ensuing Battle of Tsushima Straits,
a classic “Crossing the T” naval
engagement. See Figure 24. The
Shinanomaru’s message was sent
and received on the Type 36 sets
which Tonami and Kimura (and
the British Foreign Office) had
made possible. It was pure, vital
intelligence: “Enemy fleet observed
at position 203, enemy moves to
east channel.” 79
The Russian Fleet had been
ordered to turn off its unreliable
wireless sets on May 16, leaving
Indo -China, lest transmissions be
detected by the Japanese. There is
no indication that any Russian vessel heard the Shinanomaru’s message to her fleet, although the Russians did intercept enough wireless
traffic to know that they had been
seen, but not soon enough for it to
be of any use.

Figure 24. The Battle of Tsushima Straits. The Russian Fleet is in blue. The
Japanese Fleet, in red, “Crosses the T” in front of the Russian Fleet, permitting
the Japanese to fire broadside while the Russians could only use their fore turrets.
From wikimedia.org/ wikipedia/ commons/ thumb/e/ea/ Bataille_de_Tsushima…
The Japanese in this battle lost 172 men; the Russians more than 4,000 men
and most of their warships.
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The Shinanumaru’s transmitter
used a 30 cm spark coil made by
the company Annaka Seisakusho
(now Anritsu) for the Ministry of
the Navy.80 Its receiver was of the
coherer Type 36, as was the receiver in Japan’s flag battleship, the
Mikasa (which now, as a historical
vessel, displays a reproduction).81
According to a summary82 in Wikipedia:
“At 4:55 AM, Captain [Hakaru]
Narukawa of the Shinano Maru
sent a wireless message to Admiral
Tōgō [Heihachiro] in Masampo [in
Korea] that ‘Enemy is in square
203’ By 5 AM, intercepted wireless
signals informed the Russians that
they had been discovered and that
Japanese scouting cruisers were
shadowing them. Admiral Tōgō
received his message at 5:05 AM,
and immediately began to prepare
his battle fleet for a sortie…. the entire Japanese fleet put to sea, with
Admiral Tōgō from his flagship
Mikasa leading over forty vessels
to meet the Russians. Meanwhile,
the shadowing Japanese scouting
vessels sent wireless reports every
few minutes as to the formation
and course of the Russian fleet.
There was still mist which reduced
visibility and the weather was poor.
Wireless gave the Japanese an advantage; in his report on the battle,
Admiral Tōgō noted the following:
‘Though a heavy fog covered the sea, making it impossible
to observe anything at a distance
of over five miles, [through wireless messaging {wiki insert}] all
the conditions of the enemy were
as clear to us, who were 30 or 40
miles distant, as though they had
been under our very eyes.’ ”
The Imperial Japanese Navy
won a stunning and overwhelming
victory over the Imperial Russian
Navy. The Battle of Tsushima ranks
with the most important battles in
naval warfare, and among the most

complete victories at sea.
It has been said that this was the
first use of radio, wireless telegraphy, in combat.83 Lionel James’s
earlier adventures, however, and
what is known of Japanese naval
communications in 1904, suggest
that earlier date as the advent
of combat wireless in the Russo
-Japanese War. Moreover, both
belligerents used tactical wireless
in the 1904 land battles around
Port Arthur, including jamming.
The potentials and hazards
of communications through the
ether could not be ignored. Its time
had come. Commander Tonami’s
vision of the future of this then
-primitive technology promoted
Japan’s victory. Within three years,
Tonami captained a Japanese
cruiser, the Yakumo.
Thus, as Japanese experts have
concluded: “In the Russo-Japanese
war electronics clinched the victory
for Japan …”84 Many historians
have suggested that the loss of
the war caused the Russian Navy
mutinies of 1905 and contributed
to the Revolution of 1917, and thus
cost Tzar Nicholas II his Romanov
reign and then his life. See Figure
25. Japan’s victory established it
as a world power for the next several decades.
Conclusions
In the crucibles of war as well
as the competitions of commerce,
wireless telegraphy played early
and important roles. Men like Lee
de Forest, using innovations like
Fessenden’s (and Vreeland’s) electrolytic detector, and Lionel James,
in his innovative real-time reporting with wireless from the midst of
sea battles, and Kurakichi Tonami,
master spy, each envisioned its
possibilities and advanced the art.
Although wireless was in an early
state of development in 1904 -’05,
employment of the art fostered and
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Figure 25. A recent painting of Tzar
Nicholas II and behind him the scene
of the second day (February 9, 1904)
of the opening engagement of the
naval war. The cruiser Varyag chose
to make a fight of it against a superior
Japanese flotilla intending to capture
Chemulpo (Inchon) Korea. It was
lost. See en.wikipedia.org/wiki/ Russian_cruiser_Varyag_(1899). The
painting by Gherman Komlev appears
on a 1998 (revenue -raising) postage
stamp of the Marshall Islands, which
at its bottom right, in blue, shows the
Yellow Sea and the Korean peninsula,
West of which this and subsequent
1904 battles took place. I am grateful to Judy Mears for supplying this
image.

frustrated even Imperial Russian
ambitions. In three short years,
wireless telegraphy went from a
little understood wonder and a curiosity to a weapon of war, remaking Empires. As the art advanced
(see, e.g., Figure 26), it has played
roles in every war, and in every
economy, that perhaps not even
visionaries like Lee de Forest, Lionel James and Kurakichi Tonami
could foresee – although maybe
Nicola Tesla did.
Notes and sources follow. I
hope I have acknowledged in the
text and the following notes the
many people who have helped me
in putting this article together. I
am grateful to each of them and
all the more so to anyone I have
inadvertently omitted.

Figure 26. Cable and wireless telegraphy working together in the British
Empire world-wide after the finances
-driven merger of the cable interests
and the Marconi interests into Cable
and Wireless, Ltd. in 1929. (See Baker
[note 13] at Chapter 27, page 226).
As the cable interests had feared,
wireless communications (by 1929
short wave radio, the Marconi “beam
system”) had cut their revenues badly,
inasmuch as “half their traffic had
gone over to the beam” according to
Baker (page 229). Baker concludes
that the merger “… gave Great Britain
and the Empire the finest system of
world communications ever to exist
under the control of a single body….”
(at page 232). Baker reports that when
an undersea earthquake broke ten of
21 Atlantic cables in 1929, the traffic
seamlessly shifted over to radio (page
233). On the map, cables loop around
and wireless circuits appear as dotted
straight lines. The map (showing the
whole world with interesting images
in the margins) dates from 1947. It
comes from the archives of the Porthcurno Telegraph Museum whichreproduces it as a poster. This image is from
a photograph by Bob Berry of part of
the map, gracing a postcard from the
Museum. The world now has a much
more extensive cable network, but
mostly fiber optics.

178 AWA Review
AWA Review 2012.indb 178

19/06/2012 6:42:05 PM

Lee
Endnotes

Lee de Forest, Father of Radio,
Wilcox & Follett Co., (1950)
(self -published); Chapter 15,
Wireless Goes to War, page 135.
De Forest is often charged with
self-aggrandizement, with his
autobiography cited as “Exhibit
A.” From the perspective of a
century, perhaps not even he gave
Lee de Forest enough credit for all
he accomplished. His memory is
tarnished by business failures, and
hostility from engineers as a result
of the courts siding with him over
E. Howard Armstrong regarding
radio frequency oscillations
from vacuum tubes. Armstrong
knew what he was doing, but
de Forest just did it – but time
after time. Still, Armstrong’s
claims to unique invention with
respect to both regeneration and
the superheterodyne principle
are dubious. So too are de
Forest’s with respect to the triode,
given Fleming’s prior art, and
to his “Responder” given his
acknowledgement that he got
the idea from Dr. Vreeland in
Fessenden’s lab. But that was
(and is) the nature of invention.
While Athena may have leapt fully
formed from the head of Zeus, the
birth of an invention is a messier
process, and most inventions have
many fathers (as we know at least
from the patent paternity disputes
in the courts). I find de Forest’s
autoredemptive autobiography to
be trustworthy, although he omits
a great deal: a wife here, a fact
there. The sections here quoted
are particularly reliable having
been written and published in the
1930s when many of the principals
could have spoken up if need be.
People who worked with Lee de
Forest loved him as “Doc” and
respected him for his pioneering
and accomplishments; Armstrong
partisans, not so much, and many
of them were the most capable
engineers of the day.
2 John E. Packer, FRGS, The
Spies at Wireless Point, (2005),
pages 6ff, published by The Cable

1

and Wireless Porthcurno and
Collections Trust, Porthcurno,
Penzance, Cornwall, UK, used
by the kind written permission
of Mr. Packer. Excerpts are
edited for American usage and
continuity. I am grateful to Keith
Matthew, GØWYS, a principal
of the Poldhu Amateur Radio
Club, for the connection to Mr.
Packer, and to Archivist Alan
Renton, and for many years of
hospitality in Cornwall in our
mutual investigations into early
wireless.
3 Peter Slattery, Reporting The
Russo -Japanese War, 1904-5
– Lionel James’s first wireless
transmissions to the Times, Global
Oriental, (2004). Cited below as
“Slattery.” See also: Peadar [Peter]
Slattery, EI2JA, From the Irish Sea
– to the Yellow Sea, PW [Practical
Wireless – U.K.], February 2001,
p. 24. Mr. Slattery’s texts and
communications have been
extraordinarily helpful. His work
is thorough and compelling, well
written and interesting beyond
the merely technical as an incisive
history of nations and of the
advance of journalism into the 20th
Century and its implementation
of newly available means and
methods to inform the world.
4 Rear Admiral Kazuo Itoh, The
Battle of Tashima Was Real
Network Centric Warfare,
translated by [Commander (US)
Naval Forces Japan] CNFJ Political
and Civil Affairs Specialist Takuya
Ueji (no date, circa 2008) at page
9, accessible at U.S. -Japan Naval
Friendship Association, http://
janafa.com/ronbun/janafa36ronbun-2.pdf. This is a detailed
history of communications
electronics in the Japanese armed
forces through 1905. Cited below
as Admiral Itoh.
5 John E. Packer also kindly
supplied me with a copy of: Graeme
Bartram, Wireless and the Art
of Magic: A Reappraisal of Nevil
Maskelyne and His Contribution
to Wireless Telegraphy, BVWS
Bulletin [British Vintage Wireless
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Society – U.K.], Vol. 28, No. 4,
Winter 2003, page 28, from which
my initial discussion of Maskelyne
derives.
Packer, above, pages 6ff.
Vivian J. Phillips, Early Radio
Wave Detectors, Peregrinus and
the Science Museum (1980), at
figure 4.4 on page 71, attributed to
A.F. Collins, 1906.
Wireless Telegraphy – The De
Forest System, Dublin Penny
Journal, (1903) page 745, as
preserved and graciously provided
by Tony Breathnach, EI5EM,
who is, along with Pat Herbert, a
Curator of the Irish radio museum
now in that same Martello Tower,
Ye Old Hurdy Gurdy Museum
of Vintage Radio. The Scientific
American report appears at Vol.
xc (90), no. 3, January 16, 1904 at
page 40. I am grateful to both Tony
Breathnach and Pat Herbert for
their hospitality at their museum.
Mike Adams, Lee de Forest – King
of Radio, Television and Film,
Springer, New York, (2012).
De Forest, Father of Radio, above,
at p. 149.
Lee de Forest, Pioneer Radio
Operators, a series in CQ (“A
Magazine OF, BY and FOR
Commercial Radio Operators and
Technicians”), December 1931,
page 9; substantially reprinted
in Father of Radio, above, pages
153-54 but there abridged. The
CQ texts are somewhat fuller
and perhaps more accurate, they
being only three decades after
the events rather than five. For
example, in CQ, de Forest tells
of experimenting with wireless
reception on the voyage East to the
U.K. on the S.S. Majestic:
“With a single antenna wire, by
[Mac] Horton surreptitiously hung
in the shrouds and brought into
our cabin’s port -hole, we held New
York until the ship was 75 miles out
– and were well satisfied thereat.”
But in Father of Radio, de Forest
claims 140 miles (p. 152). I
have found this sort of minor
exaggeration decades later fairly
common in several writers looking

long back.
12 Tony Breathnach, EI5EM, in the
Guidebook to the Ye Old Hurdy
Gurdy Museum of Vintage Radio
(sited in the Howth, Ireland
Martello Tower) (2007) at p. 20.
13 W.J. Baker, A History of the
Marconi Company, Methuen
& Co., London, (1970), at pages
143ff; Chapter 17, “The Marconi
Scandal.” This book is cited below
as W.J. Baker. One recent IEEE
history notes:
“The ‘Marconi Scandal,’ although
not ruinous, eventually ended
Marconi and Britain’s chances
of regaining global dominance
of radio, leaving the door open
for the fast-rising American
telecommunications industry.”
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AWA Review Elmer T. Cunningham
and the Vacuum-Tube
Tangle
ABSTRACT
The vacuum-tube
tangle refers to the
tangled web of conflicting patent rights
associated with the
Fleming valve and
the DeForest audion
that resulted in numerous imbroglios
among RCA/Marconi,
DeForest, Western
Electric/AT&T, Elmer
Cunningham, Otis B.
Moorhead, and Elman E. Myers. This
article—drawing on
original sources including thousands of
pages of original documents from Gerald’s
Tyne’s personal library, greatly expands
the knowledge base.
A number of enduring enigmas are explained. For example,
why was Elmer Cunningham alone able to
negotiate a deal with
RCA in which Cunningham was licensed
to market tubes manufactured by General
Electric for sale under
his own brand name?
Who really made all
those infringing tubular audions that
appeared on the market between 1916 and
1920?

© 2012 Eric P. Wenaas

The vacuum-tube tangle refers to the tangled
web of conflicting patent rights associated with
the Fleming valve and the DeForest audion that
resulted in numerous imbroglios among and between the Radio Corporation of America (RCA),
DeForest, and infringers who threatened the
patent rights of RCA, DeForest, and DeForest
patent assignee, Western Electric. While there
were many infringers, there were three in particular who vexed DeForest by openly infringing on his patents before WWI, and later vexed
RCA by directly challenging its vacuum tube
monopoly after the war: Elmer T. Cunningham
first operating as the AudioTron Sales Co. and
later as E. T. Cunningham, Inc. (Fig. 1); Otis B.
Moorhead first operating as Pacific Research
Laboratories and later as Moorhead Laboratories, Inc. (Fig. 2); and Elman B. Myers first
operating as the Radio Lamp Company and later
as the Radio Audion Company, Inc. (Fig. 3).
These three principals and their companies
were unique among infringers because they
gained quasi-legitimate status after WWI by
obtaining licensing agreements from DeForest
and/or Marconi—although of dubious legality—and openly marketed and advertised their
tubes, which were generally of high quality.1 In contrast, most
other manufacturers
of infringing tubes,
often characterized as
bootleggers, paid little
attention to patents or
licenses, often had no
permanent addresses,
and generally made no
attempt to produce or
sell quality products.
The notorious bootleggers did not come
into their own until the Fig. 1. Elmer T. Cun(Courtesy of
broadcast radio craze ningham.
Tube Collector Assn.)
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Fig. 2. Otis B. Moorhead. (Moorhead
and His Valve, c. Sept. 1919; courtesy
of Stew Oliver)

was in full swing—somewhat later
than the activities of the infringers
described here.
There are surprisingly few accounts of the imbroglios resulting
from the vacuum tube tangle, the
principal accounts being found in
Gerald Tyne’s Saga of the Vacuum
Tube.2 Even this reference contains
only brief accounts of the major
imbroglios—just enough to provide
a framework for the main focus of
his book, the vacuum tube itself.
His book leaves many questions
unanswered. For example, what
are the stories behind the timing
and content of the tubular audion
ads that often appeared suddenly
and disappeared just as suddenly?
Who really made all those infringing tubular audions? Why was Cunningham alone able to negotiate a
deal with RCA in which Cunningham was licensed to market tubes
manufactured by General Electric
for sale under his own brand name?
The story in this article focuses
on Elmer Cunningham’s role in

Fig. 3. Elman B. Myers. (Radio News,
July 1922)

the tube tangle—his entry into the
tubular audion business in 1915, his
ongoing legal skirmishes with DeForest before the war, his continuing legal skirmishes with DeForest
after the war, his legal problems
with RCA beginning immediately
after it was formed in late 1919, his
accommodation with RCA—who
embraced him as a distributor in
1920 while trying to put all other
infringers out of business—and
finally his success as a vacuum
tube distributor for RCA over the
next decade. Because Cunningham’s prewar tube activities are
inextricably entangled with those
of Moorhead, Myers, and DeForest,
the prewar activities of all major
players are included here. A later
article is planned to focus on the
postwar roles of Moorhead, Myers
and DeForest in the tube tangle.
Tales of the tube tangle are
based on original documents from
Gerald Tyne’s personal collection of papers, 3 a report by the
Federal Trade Commission on the
role of RCA in the radio industry
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published in 1924,4 eight volumes
containing over 4000 pages of
sworn testimony from participants
appearing at the Federal Trade
Commission hearings on the RCA
monopoly published in 1928,5 the
George H. Clark Radioana collection,6 DeForest’s autobiography,7
and numerous contemporaneous
newspaper and magazine accounts.
Tyne’s papers contain copies of
all pertinent licensing and crosslicensing agreements between and
among all participants during the
period of interest, a collection of papers and correspondence complied
by RCA detailing the evolution of
early RCA and Cunningham tubes
and markings, many volumes containing correspondence between
and among participants including
their respective attorneys, and
many legal documents including
briefs, pleadings, transcripts and
affidavits associated with pertinent
lawsuits.
The Tube Tangle
The vacuum tube tangle was
created by the combination of three
different but interrelated events: 1)
the results of litigation initiated by
Marconi Wireless Telegraph Co.
of America (American Marconi
or Marconi) against defendants
DeForest Radio Telephone and
Telegraph Co. and Lee DeForest
in mid-1914 claiming the DeForest
audion infringed the Fleming detector U. S. Patent No. 803,684, 2)
an agreement between the DeForest Radio Telephone and Telegraph
Co. (DeForest) and Western Electric (WE) dated March 16, 1917 in
which WE paid DeForest $250,000
in exchange for exclusive rights
under most patents or patents
pending controlled by DeForest,
and 3) cross-licensing agreements
among RCA, WE, GE and others
dated June 30, 1920 that covered
a very large number of patents in-

cluding the DeForest patent rights
assigned by DeForest to WE in the
1917 agreement referenced above.
The specific terms of the decrees
and/or agreements leading to the
tube tangle for each of the three
events are summarized below as
a prelude to the tube-tangle story.
Marconi v. DeForest Litigation: American Marconi initiated
litigation against DeForest Radio
Telephone and Telegraph Co. and
Lee DeForest in mid-1914 claiming the DeForest audion infringed
the Fleming detector patent No.
803,684. On Nov. 17, 1915 before
trial, American Marconi, assignee
of the Fleming patent, filed a
disclaimer with the patent office
limiting the Fleming patent to use
“in connection with high-frequency
alternating current or electric oscillations of the order employed
in Hertzian wave transmission.”
This was done to avoid the possibility that the Fleming patent
would be ruled invalid because it
made claims for rectification in
an evacuated two-element bulb
independent of frequency, despite
the fact rectification by the Edison
lamp had been demonstrated at low
frequencies well before Fleming
submitted his patent application.8
This disclaimer precluded patent
coverage for the Fleming valve at
low frequencies—thereby disclaiming patent coverage for any type
of vacuum tube used in radios for
applications at audio frequencies.
On Sept. 20, 1916, Judge Julius
Mayer ruled that both the Fleming
patent and the two key DeForest
audion patents were valid, that the
Fleming patent did not infringe on
any DeForest patent, but that the
DeForest audion patents infringed
on the aforementioned Fleming
patent. The net result was that
American Marconi was enjoined
from manufacturing, selling or
using a three-element tube while
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DeForest was enjoined from selling or using the three-element
audion tube as a detector of Hertzian waves. In early 1917, DeForest
appealed this decision, but the Circuit Court of Appeals upheld Judge
Mayer’s decision on May 8, 1917.
Also in early 1917, Marconi began proceedings in Judge Mayer’s
court to have the decree construed
to cover the audion when used as
an oscillator as well. In those proceedings, Marconi maintained that
DeForest used the audion amplifier
as a detector in his “ultra-audion”
beat receiver, and after several
exchanges of affidavits, DeForest
agreed that its use in this receiver
was within the scope of the detector injunction. As a result, Judge
Mayer made the unlikely ruling on
July 17, 1917 that the amplifier as
used by DeForest in radio receiving
came within the scope of the main
decree, and its use by DeForest as
an amplifier was enjoined under
the Fleming patent.9 This ruling
covering amplifiers in general was
directed at, but not limited to highfrequency amplifiers as part of a
detector circuit—a ruling which
was inconsistent with the Fleming disclaimer for low-frequency
applications, to say the least, and
would contribute greatly to the
tube tangle.
Judge Mayer ruled that the
question of the audion when used
as an oscillator could not be settled
with affidavits and instead would
have to be decided in a separate trial. Marconi filed a separate suit on
this issue in mid-1917, but the trial
was postponed until after WWI because all the radio experts needed
for the trial were busy with the war
effort. Before the trial took place in
early 1919, the judge ruled that the
only remaining issue was whether
or not the Fleming valve could be
made to oscillate. Thus, all the
Marconi Company had to do to win

the case was demonstrate that the
Fleming valve could be made to oscillate. While Marconi was able to
make the Fleming valve oscillate, it
never came out in the trial that the
mode of oscillation was not useful
for radio applications.10 Based on
this demonstration, Judge Mayer
ruled on July 7, 1919 that the “socalled oscillion”—the name DeForest had given the audion when used
to generate oscillations for radio
applications—also infringed the
Fleming patent. As a result of all
this litigation, no one could legally
manufacture audions for sale for
any application.
DeForest–Western Electric
License Agreement: The second
major event contributing to the
tube tangle was an agreement
between the DeForest Radio Telephone and Telegraph Co. and
Western Electric (WE) dated
March 16, 1917 in which WE paid
DeForest $250,000 in exchange
for exclusive rights under all patents or patents pending controlled
by DeForest which were listed in
the agreement, and in addition,
rights to any inventions made or
conceived of by DeForest himself
for seven years prior to the date of
the agreement pertaining to a wide
range of listed technologies (e.g.,
the audion, methods for wire or radio signaling or communication).
It is beyond the scope of this article to accurately characterize the
terms of this ten-page agreement;
only those terms that contributed
materially to the tube tangle are
mentioned below.
1. DeForest granted exclusive
rights to WE for virtually all
DeForest patents issued and
patents pending (including the audion), reserving
for the DeForest Co. nonexclusive, non-transferable
personal rights for personal
use with respect to radio
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communication with seven
specific purposes listed.
2. Under its reserved rights,
the DeForest Company
agreed that “no apparatus
shall be sold or leased by the
DeForest Company under
its reserved rights, except
upon written agreement by
the purchaser or lessee…
that neither said apparatus…shall be used in the
commercial transmission
or reception of messages
for pay, or used by other
than the original purchaser
or lessee, or used for any
purposes other than radiocommunication.” This extraordinarily restrictive
clause would be the subject
of much litigation.
3. DeForest granted WE exclusive rights to extend all
licenses to others, except
that the DeForest Co. retained the exclusive right to
grant a non-exclusive and
non-transferable license
to American Marconi (and
any and all companies that
may be owned or controlled
by it) for patents and patents pending relating to
the generation of oscillating
or pulsating currents for
sending purposes in radio
communication. This clause
would become of great concern to RCA.
4. The agreement had a provision that either WE or
DeForest could bring suits
to protect their respective
patent rights, and that the
company bringing suit
would bear the cost of the
suit and retain proceeds, if
any, from judgments. DeForest would use this clause
to issue pseudo-licenses in
which he agreed not to bring

future suits in exchange for
a license fee; however, the
agreement did not preclude
WE from bringing future
suits.
It should be noted that there
was a previous agreement made
in 1914 in which DeForest made a
non-exclusive assignment of certain patent rights to WE/AT&T,
but because of the non-exclusive
nature of this agreement, it did
not contribute materially to the
tube tangle.
RCA–Western Electric Crosslicensing Agreements: The third
major event contributing to the
tube tangle was the cross-licensing
agreements between and among
RCA, Western Electric, GE and
others dated June 30, 1920 which
covered a very large number of
patent rights including those assigned by DeForest to WE in the
1917 agreement referenced above.
RCA was granted exclusive rights
to certain WE patents, principally
for transoceanic communications,
communication by and between
ships, aircraft, etc., and for amateur purposes. Broadcast radio
had not been contemplated at
the time of the agreement, and a
separate imbroglio arose between
AT&T and RCA during the period 1924-26 over their respective
rights in this field (which is not a
part of this story).
Each party was granted the
exclusive right to bring suits for
infringements in the fields in
which its licenses were expressed
as exclusive in the agreement.
This clause was important because
without such a clause, a patent
licensee had no legal standing to
bring a suit on behalf of the patent
owner. In this case, while DeForest
had granted WE the right to sue on
behalf of the patents it assigned
to WE, there was no provision in
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the DeForest–WE agreement for
extending that right to WE sublicensees such as RCA. Thus, RCA
could not bring suit for infringement under the DeForest patents
without joining DeForest or WE to
the suit, or obtaining permission
from DeForest. RCA’s inability
to sue infringers of the DeForest
patent rights assigned to it by
WE—including Cunningham, Myers and Moorhead—would prove
to confound RCA.
Cunningham’s Prewar
Tube Activities
Development of the Tubular
Audion: The story of how Cunningham came to sell vacuum
tubes depends upon who tells it.
The most reliable version appears
to be the one Cunningham related
in his sworn testimony before the
Federal Trade Commission taken
on March 29, 1927. He began by
describing the development of the
tubular audion as follows:11
“The [tube] situation developed
this way: The World’s Exposition of San Francisco opened on
February, 1915, and the DeForest
Company had an exhibit at that
exposition. Moorhead was an
employee of the DeForest Company in charge of that exhibit. I
do not know exactly where Myers came in but he was in some
way associated with Moorhead.
The two of them went to Hyde,
as a glass blower, to make some
sample tubes for them. Apparently
the DeForest Company’s tubes
[were] not proving satisfactory
at that exposition. As a result of
the visit to Hyde and the experimental work which they directed
him to carry on, the three of them
got together and Hyde made some
tubes which Myers sold and called
the Myers tubes.”
According to Myers’ testimony

at the FTC hearings, he had been
placed in charge of the Pacific
Coast Division of the DeForest
Company and was responsible for
commercial ship apparatus.12 Prior
to Myers’ assignment on the Pacific
Coast, he had worked under DeForest helping him develop the Audion. Apparently Myers was working at the booth with Moorhead at
the exposition that was held in San
Francisco from Feb. 20 to Dec. 4,
1915.13 The two decided to leave
the employ of DeForest and go into
the tube business themselves. Cunningham continues his testimony:
“I was told that he [Hyde] had
been making a few [tubes] over
a period of about, I would say,
offhand, four months at the most,
and it was my understanding that
Hyde made the so-called Myers
tube that Myers was selling in
the early part of 1915. In August,
1915, when I got into it, Myers had
already left San Francisco and it
was my information at that time
that DeForest had obtained a
default injunction in the Federal
Court under the DeForest patents
against him which was the reason
for his discontinuing.”
Moorhead’s account of the tube
development appearing in the Pacific Radio News differs sharply
from that of Cunningham:14
“During the month of April in
the year 1915, two local men, one
a glass blower, the other an ardent
follower of the radio art, prepared
a rival for the Audion, with its attending gaseous medium and all
the idiosyncrasy that went with it.
“It was in the later part of
March of the above mentioned
year that the humble writer of
this article had a vision of a device
more sensitive than the Audion
and which could be sold without
having the usual strings attached
commonly known as the R. J. 4
sets. A mental conception of a
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device which could be shipped unsealed and guaranteed to operate
at least five dollars’ worth and his
responsibility not cease when he
dropped it into the nearest mailbox, a dream of a device within
the reach of all, even the poorest
amateur, was this vision.
“The writer took this vision in
the form of a model of excellence to
the aforementioned glass blower
and after several weeks of their
combined efforts the Electron Relay type of tube resulted.”
If Moorhead is to be believed,
then he and Hyde alone invented
the tubular audion they called the
Electron Relay. It should be noted
that in the entire article Moorhead never mentioned Myers or
any third party involvement in
the design of the tube—nor did he
name Hyde as the glass blower who
helped make his tube. The lack of
credit given to the two was probably due to the fact that by the time
this article was published, Myers
had returned to the employ of DeForest in the east and Hyde had
partnered with Cunningham who
had then become his competitor.
However, in a later article he did
identify the glassblower as Hyde.
Elman Myers gave yet another
account of the tube development
in sworn testimony at the FTC
hearings. If Myers is to be believed,
then he and Hyde alone designed
and constructed the new tubular
audion, which they gave the name
“radiotron.” In sworn testimony,
Myers responded to the question
of what he did after leaving the employ of DeForest in 1915 as follows:
“I designed and constructed a radio
vacuum tube in California which
was generally known on the Pacific
Coast at that time as the radiotron,
the name which he gave the tube.”15
In later testimony, he responded
to a similar question by stating, “I
designed and developed, finished

and sold a tube in California which
was named by us the radiotron.”
In this testimony, Myers referred to at least one other person
involved in naming the tube a
radiotron, but he never identified that person; presumably it
was Moorhead. Myers did mention elsewhere in his testimony
that Hyde was the glass blower,
that Moorhead was involved in
the development of the tube in
some unspecified way, and that
Moorhead continued to develop a
vacuum tube after he left California
four months later. Because neither
Myers nor Moorhead was willing to
credit the other as a co-developer,
one can presume that the relationship between Myers and Moorhead
had soured somewhere along the
way.
According to further Myers
testimony at the FTC hearings, one
of the first sales of record was to
“a concern in Market Street by the
name of Haller & Cunningham.”16
Specifically, Myers stated that he
“sold the first twelve tubes to Mr.
Cunningham who at that time
didn’t even know what they were.”
Myers went on to testify that he
made additional sales to amateurs
all over the Pacific Coast. However, Cunningham’s testimony is
at odds with Myers’ statement because, according to Cunningham,
he never met Myers, at least in this
time frame. He claims that Myers
had already left the Pacific Coast
when he became interested in the
tube in August of 1915. Cunningham, when asked during the FTC
hearings if Myers had left California when he commenced selling
vacuum tubes, responded by saying, “That was my understanding,
I never saw the fellow.”17
Indeed, Cunningham had nothing to do with Haller-Cunningham
Electric at that time. George Haller
and Elmer Cunningham had incorVolume 25, 2012 191
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porated the Haller-Cunningham
Electric Company in November
1911 with financing by Haller’s
father, but Cunningham sold his
interest to the senior Haller in
September 1912, long before the
sale of Myers’ tubes by HallerCunningham in 1915. One thing
seems certain—Cunningham had
nothing to do with the design or
development of the new threeelement tubular audion, only its
marketing and sales at a later date.
Yet another version of the tube
development story was related by
B. F. McNamee, an engineer who
worked for Moorhead Laboratories
in the early 1920’s, to Floyd A. Paul
in a personal interview that took
place in January of 1986:18
“O. B. Moorhead had been a
telegraph operator on shipboard
and travelled the world. He visited
DeForest in the East and saw how
early tubes were being made and
returned to the West Coast with an
idea. He made the acquaintance of
Cunningham, quit his shipboard
job and, joining forces with Cunningham, hired a glass blower.
They rented a second floor shop in
the industrial section of San Francisco in a warehouse and started
experimenting with gaseous tubes.
Their first tubes were crude and
sold through a real estate office to
ship operators. The purpose of this
peculiar sales outlet was to make it
difficult for DeForest to find him.”
This version of the story is less
reliable than the others, not only
because the interview took place
seventy years after the fact, but
also because McNamee was not a
participant in the development of
the tubular audion. One thing is
for certain. By all accounts except
McNamee’s, Myers was involved
in the development and marketing of the early tubular audion.
His vacuum tube activities in early
1915 soon came to the attention

of DeForest, who promptly filed
suit against Myers in mid-1915
for infringing his audion patents.
Records exist showing that Myers voluntarily submitted to an
interlocutory (temporary) decree
prohibiting him from manufacturing or selling audions in the future.
Myers and Moorhead obviously
had misjudged DeForest’s resolve
to challenge infringers. Apparently, all was forgiven, because Myers
immediately returned to the East
Coast and reentered the employ of
the DeForest Company.
Moorhead and Cunningham
Market their Tubular Audions:
Undeterred by the DeForest suit
against Myers, Moorhead and
Hyde began to manufacture and
sell their version of the tubular
audion that they named the Electron Relay or ER tube. According to the Moorhead newspaper
article, the appearance of their
Electron Relay on the market can
be dated to October or November
of 1915.19 Apparently all their initial business was by word of mouth
because there is no record of any
Moorhead advertisements for his
tubular audion until June 1916. All
of Moorhead’s ads from mid-1916
through early 1917 appeared under
the Pacific Research Laboratories
name with O. B. Moorhead listed
as Manager. However, in February
1917, a full-page ad appeared in
the Pacific Radio News announcing that Moorhead Laboratories,
Inc. had taken over the interests
of the Pacific Radio Laboratories,
although it would not be until May
1917 that ads began to appear under the new name “The Moorhead
Laboratories.”20
Shortly after Myers left the
Pacific Coast in mid-1915, Cunningham became interested in the
vacuum tube business and made a
non-exclusive arrangement with
Hyde to manufacture tubes for
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him in a new enterprise apart from
Moorhead. In August of 1915, Cunningham formed the AudioTron
Sales Co. in which both George F.
Haller and Leo J. Meyberg had a
financial interest.21 Cunningham
had an agreement with Haller to
sell his tubes through the HallerCunningham Electric Company,
although most of his business was
mail order to radio amateurs and
various retail radio outlets. Leo
Meyberg was a business entrepreneur who later purchased what
was left of the Haller-Cunningham
Electric Company from Haller in
1919 and changed the name to the
Leo J. Meyberg Company. Cunningham would later sell tubes
through Meyberg’s company,
which would become the largest
electrical supply company on the
Pacific Coast.
Cunningham submitted an application dated March 30, 1916 to

register “AudioTron” as a trademark for his new tubular vacuum
detector, although he used different forms of the name interchangeably during the first few
years—AudioTron, Audio Tron,
and Audiotron. The registration
statement published in the April
1916 issue of the Official Gazette
of the U.S. Patent Office claimed
use of the AudioTron name since
Oct. 22, 1915, a claim supported
by this Cunningham statement
made in the May 1917 issue of Pacific Radio News: “The radio world
was unquestionably but agreeably
surprised to see the announcement in the October, 1915, issue
of the ‘World’s Advance’ of a new
tubular vacuum detector.”22 This
announcement is reproduced here
as Fig. 4.
While there is no image of an
AudioTron in this announcement,
a photograph of the early double-

Fig. 4. Cunningham claimed his first ad, which he described as “a bare announcement,” appeared in the October 1915 issue of Popular Science Monthly
and World’s Advance.”
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Fig. 5. This tube can be identified as an early AudioTron by the affixed stationery store label, which was originally hand stamped with the words Genuine
Audiotron. (Bill Condon, www.bill01a.com/photos.htm)

filament AudioTron from this
time frame appears in Fig. 5. The
double filament audions had five
leads, one each for the plate and
grid, and three for a two-part filament allowing the user to switch
from one section to the other when
one burned out. This tube can be
identified as an early AudioTron
by the stationery store label affixed to these tubes that were hand

stamped with the words “Genuine
Audiotron.” These words have
faded on most of the ad-hoc labels
used on the early tubes. Later
tubes can be distinguished from
the earlier tubes by the more conventional and permanent printed
labels, or by the AudioTron name
etched into the glass. This tube is
virtually identical in appearance to
the images of the AudioTrons ap-
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Fig. 6. The first published image of the AudioTron showing details of the axial
filament, spiral grid and cylindrical plate appeared in this August 1916 ad. (Elec.
Exp., Aug. 1916, p. 282)

Fig. 7. The earliest ad picturing the Moorhead Electron Relay tube appeared
in August 1916. (Elec. Exp., Aug. 1916, p. 273)
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Fig. 8. This photograph of an early double-filament Moorhead ER tube matches
the image in the ad reproduced in the previous figure. (Bill Condon, www.bill01a.
com/photos.htm)

pearing in Cunningham ads during
the latter part of 1916, the first of
which was published in June 1916
(see Fig. 6).23
Moorhead began to market his
Electron Relay in late 1915, although his first ad did not appear
until July 1916 under the Pacific
Research Laboratories name with
O. B. Moorhead listed as Manger.24
The first image of his tube did
not appear until a month later in
August 1916 (see Fig. 7).25 A photograph of an early double-filament
Moorhead ER tube matching this
image is shown in Fig. 8. It is evident from photographs of the ER
tube and AudioTron that the two
tubes had a common ancestry. The
most obvious visual difference is
the aspect ratio (ratio of length to
diameter)—approximately 5.2 for
the early ER tube as compared to
approximately 3.8 to 4.2 for the
AudioTron. There were other more
subtle differences such as the size
of the glass press and the type of
wire, details that are addressed
elsewhere.26 Because these tubes
were handmade, the dimensions
varied slightly from tube to tube,27
but the nominal dimensions and
aspect ratios of the two tubes
remained relatively constant—although discernibly different—until January 1917. In the January
1917 issue of Pacific Radio News,

a new improved ER tube was introduced with a reduced aspect
ratio essentially equal to that of the
AudioTron.
The different aspect ratios of
these tubes are evident in Fig. 9,
in which images of the original
and improved Moorhead ER tubes
from magazine ads are placed
side-by-side with an image of the
AudioTron tube from a Cunningham ad. The improved Moorhead
ER tube appearing in 1917 ads was
so close in appearance to that of
the Cunningham AudioTron that
it is difficult to tell the two apart at
first glance. However, the ad stated
that the improved ER tube had the
letters ER stamped on the aluminum plate, and indeed a significant
number of tubes with the ER stamp
can be found today (see Fig. 10.)
DeForest Sues Moorhead, Cunningham, et al.: On February 15,
1916, DeForest filed a complaint
alleging patent infringement in the
Ninth U. S. Circuit Court in San
Francisco against Otis Moorhead
and Ralph C. Hyde, listed as coinventors of the Electron Relay.28
About a month later on March 27,
1916, DeForest filed a similar complaint in the same court against
Cunningham, the AudioTron Sales
Company, and George Haller, Cunningham’s principal distributor.29
Both suits were assigned to Judge
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parties from manufacturing or marketing the
tubes until the merits
of the suit could be
heard. Judge Van Fleet
did not make an immediate decision on the
motion for preliminary
injunction, and instead
allowed numerous affidavits to be filed by
both the plaintiff and
defendants. The hearing on the preliminary
injunction would not
take place until August
1916.
It must have become
obvious to DeFig. 9. The early ER tube with an aspect ratio of
Forest
that the judge’s
approximately 5.2 was improved in January of 1917
(top image), resulting in a reduced aspect ratio of decision would not be
3.8 to 4.2 (middle image), which was approximately forthcoming anytime
equal to that of the AudioTron (bottom image).
soon because in the
interim, he decided
William C. Van Fleet, who was then to manufacture and market his
presiding over the Ninth Circuit own tubular audion to compete
Court. Since Moorhead was sued directly with Cunningham and
first, long before he ever placed an Moorhead—notwithstanding the
ad for his tube in any magazine, fact that he already had a spherical
and Cunningham was sued ap- audion on the market. DeForest’s
proximately five months after his spherical audion, which was sold
first and only ad for the AudioTron, only in exchange for a spent audion
DeForest must have heard about or by purchasing a new audion
the two infringing tubes from sales detector unit at $25, could not
in the trade.
compete with the tubular audions
DeForest filed a motion re- sold individually by Moorhead
questing the court to enjoin all and Cunningham at $6.50 to

Fig. 10. The January 1917 ad for the improved ER tube stated that the cylindrical aluminum plate was stamped with the letters ER. (Bill Condon, www.bill01a.
com/photos.htm)
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$7.50. DeForest announced his
own version of the tubular audion,
“Type T,” on March 15, 1916, and
placed his first ads for this tube in
magazines dated April 1916. One
of his first ads, reproduced here
as Fig. 11, appeared in The Electrical Experimenter picturing his
single-filament tubular audion.30 It
is no surprise that this audion was
virtually identical in appearance to
Cunningham’s AudioTron because
Myers had recently returned to the
employ of DeForest following his
departure from the Pacific Coast
where he had been developing
audions in conjunction with Hyde
and Moorhead.
This ad stated that as of March
15, the new DeForest tubular audion would be sold separately from
their instruments at the price of
$5.50, well below the previously
published prices of $6.50 to $7.50
for Cunningham’s AudioTron.
Cunningham responded with an

ad in the June issue of The Wireless Age matching DeForest’s
price of $5.50 for a single filament
AudioTron and setting the price
of the double-filament audion at
$6.50.31 In the July issue of The
Wireless Age, he dropped the price
of the single-filament AudioTron
to $5.25, which was $0.25 less
than DeForest’s tubular audion.32
In August, he reduced the price of
the double-filament AudioTron
to $5.25 as well—most likely to
undercut the price of Moorhead’s
double-filament ER tubes, which
were advertised in national magazines for the first time in July at
$5.50.33
More Infringers Enter the
Market: Not only did ads for the
DeForest audion appear while
all parties were awaiting a ruling
from Judge Van Fleet on the motion for a preliminary injunction,
but also a number of other ads
for three-element tubular audions

Fig. 11. The new Type T tubular audion introduced by DeForest on March 15,
1916 had an appearance very similar to that of the AudioTron. (Elec. Exp., Apr.
1916, p. 726)
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by various manufacturers and/or
distributors began to appear in
various magazines, first in a trickle
in January and then in a spate by
July. Advertisements appearing
in the three most popular radio
magazines of the day, The Wireless
Age, The Electrical Experimenter
and QST, provide ample evidence
of additional infringers entering
the market.
In January and March of 1916,
Harry V. Roome placed ads for
a tubular audion with the trade
name Oscilaudion in The Wireless
Age at $7.50.34 Although the images of the tubes were indistinct,
the aspect ratio was the same as
that of the AudioTron. Ads for the
tubular audion by Roome suddenly
stopped for several months after
the March ad, reappearing in July
under the trade name Thermo
Tron, and in August under the
Oscilaudion trade name. 35 The
prices for both had been reduced
to $5.25—the same price at which
Cunningham advertised his AudioTron in August. The images of
Roome’s audions in these ads were
much clearer, and they are virtually indistinguishable from those
of Cunningham’s AudioTron.
Tyne in his Saga of the Vacuum
Tube states that he had a document from an investigator who
“interviewed Roome in March
1916 and was quite surprised to
find that Harry V. [Roome] was
a high-school boy in Los Angeles.”36 However, this assertion is
inconsistent with several reliable
contemporaneous documents that
clearly show he graduated from the
University of Southern California
in 1912. First, from page 42 of the
University of Southern California
El Rodeo Yearbook – Class of
1920:37
“HARRY V. ROOME Mr. Harry
Roome, of the class of 1912, entered the service of his country in

September, 1917, at Camp Lewis.
Here he was detailed as instructor
in wireless telegraphy, in which he
was proficient. In July, 1918, he
went to France with the 91st Division, on duty with the 316th Field
Signal Battalion. He saw action in
the Argonne Forest. In the battle
of Tours, September 28, 1918,
while he was at his signal station
near Epinonville, a bursting shell
destroyed the station and severely
wounded the occupants. Corporal
Roome was taken to the hospital,
and September 30 died of wounds
and pneumonia. His wonderful
interest in wireless and his long,
continued study of it, well fitted
him to be of the greatest service
to his country. He entered upon
this service willingly and courageously and did his full duty even
to the supreme sacrifice, and so
now is enrolled and honored as a
most worthy hero of U. S. C.”
Second, Harry Verrinder
Roome was listed as a fourth-year
student for the school year 19071908 in a yearbook for a prep
school attached to the School of
Liberal Arts at the University of
Southern California in Los Angeles
(USC)—which is to say he was a
high school senior for the school
year 1907-8.38 Clearly, if he was a
high school senior in 1907-8 and in
the graduating class of 1912 at USC,
he could not have been a senior in
high school in 1916.
Finally, evidence that this was
the same Harry V. Roome that
placed ads in The Wireless Age for
the Oscilaudion and Thermo Tron
is provided by the announcement
of his death in The Wireless Age
itself, the first paragraph of which
is reproduced here: “Amateur
wireless lost an ardent supporter
and generous co-worker by the
death of Corporal Harry V. Roome
of Los Angeles. According to word
received by his mother the young
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soldier died September 30 of gunshot wound and pneumonia.”39
The wording of the last sentence
in the above quote is identical to
the wording of the second-to-last
sentence from the first quote,
which all but proves that the Harry
V. Roome known to editors of The
Wireless Age was the same Harry
V. Roome who graduated from
USC in 1912. Harry V. Roome was
indeed well known to editors of The
Wireless Age, not only for the ads
he placed, but also by his participation in contests sponsored by the
magazine, resulting in the publication of his submissions.40
According to the investigator’s
report, Roome obtained his tubes
from a supplier in San Francisco
(although the accuracy of the investigator’s report is now in question). If Roome was getting his
tubes from a supplier in San Francisco in January through March
1916, then it may well have been
from Hyde because, according to
Cunningham, Hyde was free to
sell tubes on his own at that time.
However, Cunningham stated in
FTC hearings that shortly after
February 15, 1916, Hyde made an
agreement to sell tubes exclusively
to him, 41 which might account
for the sudden disappearance of
Roome’s ads for the Oscilaudion
after March 1916. Strong evidence
will be presented that a few months
later, Cunningham began to sell
AudioTrons to the Electron Mfg.
Co. of Berkeley, CA, who advertised them under the Electron
Audio brand in June and July 1916.
So, if Cunningham provided them
to Electron Mfg. Co. for sale in
June, then why not to Roome for
sale in July? After all, the Roome
tubes are so close in appearance to
the AudioTron that they are virtually indistinguishable (see Fig. 12),
and according to the radio editor
of Popular Science Magazine, the

Oscilaudion, Thermo Tron and
AudioTron “work on the same
principle and are more or less
equal in operation.”42
Next came the “Cos-Radio
Audio Tron Detector” in April
1916, sold by the Cos-Radio Co. of
Wichita, Kansas for $6.50.43 The
image of this tube in the ad is not
sufficiently distinct to reproduce
here, but it appears to be Cunningham’s AudioTron. Cos-Radio was
almost certainly a Cunningham
distributor, an assertion supported
by a postwar Cosradio Co. catalog
dating to 1920 that pictures the
Cunningham AudioTron for sale.
(The company had dropped the hyphen from its name after the war.)
In June and July of 1916, the
Electron Mfg. Co of Berkeley,
CA offered a tubular audion using the trade name Electron Audio at $6.50-$7.50. 44 There is
overwhelming evidence that the
Electron Audio bulb was nothing
more than the AudioTron under
a different brand name supplied
by Cunningham. First, the image
used in the Electron Audio ad of
July 1916 shown in Fig. 13 is the
identical image that Cunningham
used for a dozen AudioTron ads he
placed in early 1917 before the war
and throughout 1920 following the
war.45 Cunningham used a cutout
from this image in the ad that he
placed in August 1916 for the AudioTron (see previous Fig. 6). That
the image used by Cunningham in
the AudioTron ad was cut from the
image used in the Electro Audio ad
is obvious from Fig. 14. Second,
the same phraseology appeared in
both the AudioTron and Electron
Audio ads.46 Both claimed their
respective tubes were the genuine
or original “electron operated”
tubes, and both claimed they did
not depend upon “a sensitive gaseous medium” for their operation.
Finally, the AudioTron and Elec-
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Fig. 12. Images of the Thermo Tron and Oscilaudion appearing in ads placed by
Harry V. Roome in mid-1916 were identical to each other, and virtually identical
in appearance to the AudioTron as well. (Wireless Age, July 1916, p. III)

tron Audio bulb were advertised
together as if they were the same
bulb in the 1917 Duck Catalog No.
11, which used this same photograph and common descriptive
paragraphs (see Fig. 15).47
In addition to the above-mentioned ads, there were also ads
by the Chelco Electric Co. and the
Jensen Electric Co. of Chicago
for an “Audio-Tron” bulb, both
with headlines boasting “8,000
Miles” and accompanying claims
that these tubes held the amateur
record for distance.48 While there
is nothing in these ads to tie the
Audio-Tron name in these ads
directly to Cunningham, Jensen
Electric did place several ads for
Cunningham’s Audio Trons [sic]
after the war claiming that they
were the first to sell the Audio Tron
[sic].49
It was not until July of 1916
that Moorhead began to place ads

in nationally distributed radio
magazines featuring his Electron
Relay, which by all accounts had
been on the market since late
1915. The double-filament version
of the ER was advertised at $5.50
and the single-filament version
at $4.0050—a price range bracketing Cunningham’s single- and
double-filament AudioTrons, both
of which were advertised at $5.25.
Oddly, Moorhead was the first to
make the tubular audion and the
last to advertise it. Perhaps he was
concerned about the pending litigation with DeForest and decided
not to spend money on ads for his
ER tube that might be wasted in
the event that DeForest’s pending
motion for injunctive relief in the
California court was granted.
It would appear that Cunningham took the opposite approach
and began to sell his tubes through
as many channels as possible using
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Fig. 13. The Electron Audio image used in this ad is the same image Cunningham
used for the AudioTron in approximately a dozen ads appearing in the Pacific
Radio News in early 1917 and throughout 1920. (Wireless Age, July 1916, p. II)

multiple distributors and a plethora of trade names. An argument
can be made that Cunningham/
Hyde provided all the tubular
audions advertised in the national
radio magazines except for those
by Moorhead and DeForest. The
three were the only ones known to
manufacture tubular audions for
certain, and the two by Moorhead
and DeForest were noticeably different from the AudioTron and all
other advertised tubes. DeForest
made the Type T audion with only
one filament whereas all others advertised tubes with two filaments.
Moorhead’s ER tube was made
with a distinctly larger aspect ratio

throughout 1916 than all the others
advertised at that time. In sharp
contrast, Cunningham’s AudioTron was almost indistinguishable
from all the tubes (other than the
ER and Type T)—and in the case
of the Electron Audio bulb, the ads
used the same images as those appearing in Cunningham’s ads for
the AudioTron tube.
The cynic might take exception
to this conclusion by pointing out
that Cunningham’s July 1916 ad
contained the following admonition hinting at Cunningham’s
displeasure with the ads placed
by some of his would-be distributors: “Beware of Substitutes:—The
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Fig. 14. The image of the AudioTron used in Cunningham’s ad of August 1916
is a cutout from the image used in the Electron Audio ad shown in Fig. 13.

genuine—satisfaction guaranteed—AudioTron is not a ‘so-called
AudioTron,’ Oscillaudion [sic],
Electron-Audio, ‘formerly AudioTron,’ or any other Tron.” Most
of these admonitions can be readily explained. For example, it was
Moorhead that claimed in his ads
that he was the former manufacturer of the AudioTron, something
that would have justifiably rankled
Cunningham. Also, it is likely
that Hyde and not Cunningham

provided Harry Roome with the
tubes he sold as Oscilaudions at
the beginning of 1916. The most
difficult to explain is the admonition that the AudioTron is not an
Electron-Audio, when it is so painfully obvious that it was. Perhaps
Cunningham was responding to
the wording of the first ad place
by the Electron Mfg. Co. the previous month characterizing the
Electron Audio as “formerly the
AudioTron”—implying that the

Fig. 15. The AudioTron and Electron Audio tubes were advertised together in
the 1917 Duck Catalog No. 11 using the same image and common descriptive
paragraphs.
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trade name of the AudioTron had
been changed.51 In the alternative,
Cunningham’s pronouncement
may have just been an attempt to
distinguish the AudioTrons he was
selling from other similar tubes on
the market—including the AudioTrons that were being sold under
a private label.
As an aside, it is interesting to
note that Cunningham had another
admonition in his ad appearing in
the June 1916 issue of The Wireless Age stating that his AudioTron
was not to be confused with the
Radiotron. This admonition supports Myers’ contention in FTC
testimony reported previously that
Myers had been selling tubular audions earlier under the Radiotron
trade name.
Judge William C. Van Fleet
Rules on the Preliminary Injunction: The DeForest motion for a
preliminary injunction to enjoin
Cunningham, Moorhead, et al.
from manufacturing or marketing
their respective tubular audions
was finally argued before Judge
William C. Van Fleet August 7-8,
1916. The judge ruled that an injunction was inappropriate while
the Court of Appeals in New York
was considering DeForest’s appeal
of Judge Mayer’s decision in the
Marconi vs. DeForest litigation.
Instead, he required an indemnity
bond in varying amounts for each
defendant in the event they were
found to have infringed DeForest’s
patents at trial. 52 Cunningham
filed his bond on August 14, 1916
and continued selling his threemember tube under bond. Moorhead continued to sell his tube although he never filed the required
bond. DeForest could have made
the injunction effective against
Moorhead by filing a modest bond
of his own with the Court, but for
reasons unknown, he did not do
so. Perhaps DeForest was short

of cash at the time, or perhaps he
saw no point in doing so as long as
Cunningham was able to sell tubes.
Moorhead wasted little time in
advertising the favorable results
of the preliminary hearing as well
as his position on why he believed
his tube did not infringe DeForest
patents in the January 1917 issue
of the Pacific Radio News.53 To
punctuate his case, he published
a portion of the transcript of the
hearing in which Judge William
C. Van Fleet of the Ninth Circuit
Court of California refused to issue
an injunction. The judge stated in
part: “The introduction of evidence
in open court in the usual manner,
where the right and privilege of
cross examination may be had is
much more efficient for bringing
out the full truth…”
The judge’s decision was good
news indeed for both Cunningham
and Moorhead, not only because
they could continue selling their
respective tubes until trial, but also
because the judge seemed to be
interested in getting at the truth,
and they were both confident they
could demonstrate to the court
that their respective devices were
sufficiently different from DeForest’s that they did not infringe on
his patents.
Cunningham soon followed
with a similar article of his own in
the May 1917 issue of the Pacific
Radio News.54 After reiterating
the results of the hearing, Cunningham outlined his reasons for
believing his three-element tube
did not infringe on DeForest’s Audion. He argued that the modes of
operation were different because
DeForest claimed his audion depended on the gaseous medium
between the filament and plate,
whereas his tube was evacuated
such that “no gaseous medium
exists therein.” He ended the article by stating: “The Audion Sales
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Company will be grateful for any
information regarding the theory
of the difference between the Audiotron, having the bulb exhausted
so that no gaseous medium exits
therein, and the audion having the
bulb so exhausted that there are
particles of gas (air) still resident
within.” Clearly, Cunningham was
preparing for the forthcoming trial.
Judge Van Fleet’s decision
was a wake-up call for American
Marconi, owner of the Fleming
patent, that that not all Federal
Circuit Courts would rubber stamp
the decision of Judge Mayer in
the Second Circuit Court of New
York in favor of Marconi. Circuit
courts in one district did not, in
general, have to follow the findings
of circuit courts in other districts
in the same way as they would for
appellate court findings. In this
regard, the Marconi v. DeForest
decision in Mayer’s court was still
under appeal and no verdict had
been rendered. The New York
Court of Appeals did, in fact, uphold the original verdict, but it
was asked to consider the audion
only when used as a detector in
radio circuits—not as an amplifier
or oscillator. Thus, the California
Circuit Court would not have to
follow the findings of Judge Mayer
in his New York Circuit Court that
DeForest’s audions infringed the
Fleming patent when used as an
amplifier or oscillator.
DeForest Intimidates Radio
Magazine Publishers: DeForest
must have realized that pursuing individual manufacturers of
infringing tubes would be a long
and expensive process, but he also
realized he could not stand idly by,
watching an ever increasing number of infringers enter the market.
Even before Judge Van Fleet’s
adverse ruling on the DeForest
motion for an injunction against
Moorhead and Cunningham, he

decided on a strategy of intimidating publishers by notifying them
that ads for these infringing tubes
constituted contributory infringement, and that the DeForest Company intended to prosecute them
accordingly if they continued to
accept and publish ads for these
products. If the publishers could
be sufficiently intimidated by
facing large legal fees to protect
relatively small advertising profits, they would no longer accept
ads, and without advertising the
manufacturers would eventually go
out of business. This strategy was
relatively inexpensive and could be
implemented immediately without
waiting for court decisions.
According to Hugo Gernsback,
publisher of The Electrical Experimenter, he and other publishers
received a letter from the DeForest
Company in July of 1916 threatening immediate suit if they did not
cease publishing ads for infringing
audions.55 The ploy was partially
successful because The Electrical
Experimenter, The Wireless Age
and QST did cease to accept ads
for all three-element audions with
an internal grid other than those
by DeForest beginning with their
respective September 1916 issues.
However, Moorhead was able to
circumvent DeForest’s ploy by
introducing a new tube with the
trade name “Moorhead Tube,”
which used an external control element—referred to as a “member”
rather than a grid. The first ads for
the Moorhead Tube appeared in
the September 1916 issues of QST
and The Electrical Experimenter,
the later reproduced here as Fig.
16 proclaiming: “Contains No Grid
Electrode” and “Absolutely No
Patent Infringement.”56 A photograph of the Moorhead Tube in Fig.
17 exhibits the external cylindrical
control element wrapped around
the outside of the tube in proximity
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Fig. 17. The Moorhead Tube consisted of an external cylindrical control
element wrapped around the outside
of the tube in proximity to an internal
disk that formed the plate element. (Bill
Condon, www.bill01a.com/photos.
htm)
Fig. 16. One of the first ads for the
Moorhead Tube with an external
control member appeared in the September 1916 issue of The Electrical
Experimenter proclaiming: “Contains
No Grid Electrode” and “Absolutely
No Patent Infringement.” (Elect. Exp.,
Sept 1916, p. 355)

to an internal disk which formed
the plate element.
For the months of September
through November 1916, Moorhead and DeForest were the only
two manufacturers who were able
to place ads in the national radio
magazines for a tubular audion;
Cunningham was left out. Then in
December 1916, Cunningham followed suit by placing the ad shown
in Fig. 18 in the December 1916 issue of The Electrical Experimenter
for his new “Amplitron” at $5.25.
The Amplitron was described as
being “of the two member external
control type” tube, but unlike the
Moorhead ad, there was no image
of this type tube in the ad—only an
image of the original three-element
AudioTron mounted on a “Receiving Panel.” The original Audion,
while pictured on the panel, was

not offered for sale individually.
The National Electric Mfg.
Co. also placed an ad for its new
Tigerman Detecto-Amplifier tube
in the same issue of The Electrical Experimenter with an image
showing two filaments and a plate
located symmetrically at either
end of a cylindrical glass tube and
two external control elements.
QST also began to accept ads for
two-element tubes with external
control elements in December
1916, the first two being placed by
Moorhead and the National Electric Mfg. Co.
No further ads by Roome for
his Oscilaudion or Thermo Tron
tubes ever appeared again, nor
did any ads for the Electric Audio
bulb appear. Also, no more AudioTron ads by Cunningham or
his dealers ever appeared again
in QST or The Electrical Experimenter during the remainder of
the prewar period. The Wireless
Age stopped accepting ads for all
vacuum tubes—including those
from DeForest—beginning with
the November 1916 issue because,
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Fig. 18. Cunningham introduced the Amplitron, his version of a “two-member
external control type” of tube also designed to evade Gernsback’s ban on ads
for three-element tubes. (Elect. Exp., Dec. 1916, p. 607)

according to Gernsback, its owner,
American Marconi, was enjoined
from doing so as a result of Judge
Meyer’s decision on September
20, 1916 in the Marconi-Fleming
vs. DeForest-Audion patent litigation. Cunningham later confessed
to GE Vice Present H. G. Davis: “If
DeForest had carried out the program a little farther and enjoined
one or two other technical papers
his market would have been completely shut off and he would have
had to quit.”57
As an aside, Tyne speculated
that it was probable there were no
more ads placed by Roome after
August 1916 because the manufacturer cut off his supply.58 However,
the real reason was that the three
major radio magazines in which
all these ads had appeared refused
to take any further ads for threeelement tubes infringing DeForest
patents after August of 1916.
DeForest Sues Gernsback:
The three ads by Cunningham,

Moorhead and Tigerman for twoelement tubes with external control elements that appeared in the
December issue of The Electrical
Experimenter proved too much
for DeForest, who filed a lawsuit
against Gernsback’s Experimenter
Publishing Co. on Dec. 4, 1916.59 In
an affidavit he filed in the course of
this suit, DeForest referenced the
three ads for the two-element tubes
he claims to have seen in late November. DeForest filed a number
of other affidavits to support his
position, although he grossly overstated his case in these affidavits.
One of the gross misrepresentations that appeared in DeForest’s
affidavits was the statement that
“injunctions were issued in the
suits of the plaintiffs against Myers, and the Audiotron Sales Company, et al., in San Francisco…” It is
true that an injunction was issued
against Myers but never against
the Audiotron Sales Company. As
mentioned previously, the injuncVolume 25, 2012 207
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tions that DeForest sought in Van
Fleet’s court in San Francisco were
denied in lieu of bonds.
At the hearing in Judge Mayer’s
court on Jan. 13, 1917, Gernsback
pointed out the tubes in question
were two-member tubes with an
external control element—not
the internal-grid tubes covered
by relevant DeForest patents. DeForest attorney Samuel E. Darby
countered by insisting that the
“‘outside member’ acted in effect
like a grid and therefore infringed
on the DeForest patent...” Judge
Mayer rejected this argument, ruling that infringement of DeForest’s
patent by a two-member tube with
an external grid had not yet been
established. Clearly, this was a
major victory not only for Gernsback, but also for Cunningham
and Moorhead who were able to
continue advertising and selling
their tubes.
DeForest must have made public statements to the effect that injunctions had been issued against
all infringing tube manufacturers
well before June 1916—perhaps
in the letters to magazine publishers—because ads placed by
Cunningham, Moorhead and the
Electron Manufacturing Co. in
June 1916 carried prominent
notices vehemently denying that
they were under an injunction.
For example, the June 1916 ad for
the AudioTron reproduced stated
in bold letters at the top: “NO INJUNCTION ISSUED against The
Genuine AUDIOTRON.”60 The ad
goes on to say, “We offer $100 cash
for proof that this company has
been enjoined.” If DeForest were
willing to make a knowingly false
misstatement about injunctions
under oath in affidavits to the court
during litigation with Gernsback,
there is no reason to believe he
would not have made similar misstatements to the various publish-

ers in his earlier correspondence to
publishers threatening litigation.
Perhaps the publishers were so
quick to reject the ads from Cunningham, Moorhead and others in
the fall of 1916 because, based on
DeForest’s correspondence, they
believed injunctions had been issued prohibiting the manufacture
and sale of the infringing products.
Pacific Radio News Saves the
Day: In January of 1917, a new
periodical appeared on the Pacific
Coast entitled Pacific Radio News.
Apparently the publishers of this
journal were not intimidated by
DeForest and his lawsuits because,
from the very first issue of the journal dated January 1917, the magazine accepted ads from both Cunningham and Moorhead picturing
the potentially infringing internalgrid tubes, the AudioTron and
Electron Relay respectively. Pacific
Radio News was probably not very
concerned with DeForest because
the editors were well aware of the
suit DeForest already had pending
in Van Fleet’s California court to
determine whether Cunningham’s
and Moorhead’s tubes, in fact,
infringed his patents. They were
also aware that the judge refused
to issue a preliminary injunction
against manufacturing or marketing these tubes. Until that matter
was settled, no California court
would take action against Pacific
Radio News.
Cunningham’s first ad in the
January issue of Pacific Radio
News offered the Amplitron with
external-control, but after January, the Amplitron was never again
to be referenced by Cunningham
in any of his ads in any magazine.
Beginning in February, Cunningham’s ads in national radio magazines could be found only in Pacific Radio News, and only for the
original AudioTron. In contrast,
Moorhead continued to feature
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the external-control Moorhead
Tube in ads that appeared in both
the Pacific Radio News and The
Electrical Experimenter right up
to the U. S. entry into WWI.
Even though Cunningham
placed ads for the Amplitron in
December of 1916 and January of
1917, there are several reasons why
it is doubtful that Cunningham
ever manufactured such a tube.
First, unlike other manufacturers
of the two-element tubes with external control, Cunningham never
provided a photograph or rendering of the Amplitron in any of his
ads. Second, as soon as Pacific Radio News began accepting ads for
the original AudioTron, Cunningham immediately discontinued
all ads for the Amplitron. Third,
unlike the two-element Moorhead
Tube, it appears that there are no
known examples of this tube in
the collections of tube collectors
today.61 Fourth, and more to the
point, Cunningham testified at
the FTC hearings: “The tubes that
Hyde made for us, there was only
one type. There had been practically no change in that tube type
from August 1915 down to the end
of the year 1920. It was essentially
the same tube type throughout
that period.”62 Later when asked
about the three-element tube he
was manufacturing from 1915 to
1920, he replied: “The tube that
we were selling during that period
was the same kind of tube all the
way through…” In all of Cunningham’s testimony and letters, he
never referred to manufacturing
or selling any other type of tube,
and certainly not the two-element
Amplitron with an external control grid. It would appear that the
Amplitron was just a ploy to get his
ads with the Cunningham name, if
not the AudioTron, in the national
radio magazines. In all probability,
anyone who actually ordered the

Amplitron would have received the
AudioTron.
Thus, the status quo was established in the vacuum tube tangle,
and remained so until the entry of
the US into WWI on April 6, 1917.
Shortly thereafter, sales to amateurs ceased due to the complete
ban on amateur radio transmission and reception, and with that
the ads in radio magazines for
all vacuum tubes soon vanished.
The most significant legal event
that occurred during the war with
regard to vacuum tube litigation
was the decision in the U. S. Court
of Appeals for the Second Circuit,
District of Southern New York on
May 8, 1917 ruling against DeForest’s appeal in the Marconi litigation for the audion when used as a
detector. As a result, Judge Mayer’s
injunction against DeForest went
into effect.
The number of tubes Cunningham sold in the 18-month prewar
period from his earliest sales in
October 1915 to April 1917 when he
discontinued sales is of some interest. Cunningham testified that he
sold a total of 3,000 to 4,000 tubes
in all of 1916.63 If one extrapolates
the average sales rate of 250-333
tubes per month in 1916 to the
entire 18-month period, the total
would be approximately 4,500 to
6,000. The number of tubes sold
by Moorhead during this period
is not available, but tube collector
and historian Bill Condon noted
that during the prewar period: “…
the Cunningham Audiotron was
being sold in much larger numbers than the Moorhead tube.”64 If
that were the case, the number of
Moorhead tubes sold would have
been significantly less than 6,000.
Cunningham’s Postwar
AudioTrons
Cunningham Re-enters the
Postwar Tube Market: Elmer
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Cunningham sat on the sidelines
during the war, biding his time by
watching Moorhead manufacture a
very large number of tubes under
contract to U.S., British and other
Allied governments. Cunningham,
like Moorhead, had submitted
samples of his vacuum tube for
consideration by the government
and military, but unlike Moorhead,
his tubes were rejected.
Soon after the ban on receiving
radio signals was lifted on Apr.
15, 1919, Cunningham began to
market the same tube he had been
selling prior to the war.65 Cunningham’s first two postwar ads for his
AudioTron appeared in June 1919,
one in Everyday Engineering
Magazine66 and the other in the
first issue of QST to be published
after a two-year hiatus due to
the war.67 (Everyday Engineering Magazine was the new name
for Everyday Mechanics, which
changed its name beginning with
the March 1917 issue.)68

Noticeably absent were ads for
the AudioTron tube in Gernsback’s
Electrical Experimenter or his new
Radio Amateur News magazine,
which began publication in June
1919. Apparently he continued his
prewar policy of refusing ads that
infringed on DeForest’s two audion
patents. While Cunningham did
place ads in Gernsback’s publications featuring a new Audiotron
Vacuum Tube Panel, gone were of
any references to the AudioTron
tubes themselves, and in fact,
the AudioTron itself did not even
appear on the blank AudioTron
panels appearing in the ads.
Cunningham’s postwar ads that
did appear for the AudioTron tubes
during 1919 were of an entirely
different nature than his prewar
ads. Gone were ads depicting the
AudioTron tube itself with brash
claims about it being the best tube
on the market. They were replaced
with more cautious ads without
pictures of the AudioTron such as

Fig. 19. Cunningham’s postwar ads in 1919 were more cautious, were fewer
in number, and lacked images—instead, inviting customers to send away for
a descriptive bulletin promoting the AudioTron and other radio equipment.
(Everyday Engr., June 1919, p. 187)
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the one reproduced as Fig. 19 in
which potential customers were
invited to send for a descriptive
bulletin promoting the AudioTron
and other electrical components
such as rheostats, knobs, levers,
etc.
Most of these ads also invited
potential dealers to write for a
business proposition, and indeed
part of Cunningham’s plan was to
create a network of distributors
and dealers to market his AudioTrons. Ads for the AudioTron
placed by dealers soon became
more numerous that those placed
by Cunningham himself. Dealer
ads for the AudioTron in QST, for
example, were from dealers situated in the eastern portion of the
United States—for example, F. C.
Myers of Albany, NY; R. W. Pratt
of Westbrook, MA; and Jensen
Electric Co. of Chicago, IL.
Cunningham was not the only
one to advertise infringing vacuum
tubes in the early postwar era. An
ad for a Liberty Valve was placed
by The Radio Apparatus Co. of
Pottstown Pa. at $5.50 in The
Wireless Age in July 1919 (see Fig.
20).69 A close-up photograph of
this tube can be found on the front
page of the October 2002 issue of
the Tube Collector.70 The probable
provenance of this tube will be addressed later.
Several ads were placed by G.
& M. Specialty Co. of Cleveland
for an Oscilltron at $3.50 in QST
beginning with the December 1919
issue.71 While there are no pictures

of this tube in their ads, there is
one pictured in the Tube Collector that has an appearance very
similar to the AudioTron (see Fig.
21).72 According to wording on the
accompanying box, it was sold by
Maher & Storey Wireless Specialties of Cincinnati, OH—not the G
& M Specialty Co., which placed
the ads in magazines. The tube in
this photograph is something of
an enigma because it appears that
the cylindrical plate that would
normally surround the spiral grid
seen in the photo is missing. Not
much more can be said about this
tube except that it is unlikely either
of the two companies advertising
the tube actually manufactured it.
It was inevitable that all these
ads for potentially infringing tubes
would eventually attract the attention of American Marconi, who
itself began to sell tubes manufactured under a tripartite agreement
dated June 6, 1919 with Moorhead
and DeForest. This arrangement
had been hailed in the press as a
breakthrough in the vacuum tube
tangle that had denied amateurs
and experimentalists access to
vacuum tubes.73 This agreement
called for Marconi to place orders
with DeForest, DeForest then to
place orders with Moorhead Labs,
Morehead to make the tubes and
send them to DeForest—presumably as an agent for DeForest,
and DeForest to send them on to
Marconi.
American Marconi began to
market the Moorhead audions

Fig. 20. Ads for other infringing tubes such as this one for the Liberty Valve
began to appear immediately after Cunningham’s first ads appeared. (Wireless
Age, July 1919, p. 45)
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Fig. 21. This rare photo of an Oscilltron tube appeared in an earlier issue of the
Tube Collector Association. (Courtesy of Gary Schneider)

in earnest immediately after the
agreement was reached in June
1919. Ads for the Marconi V.T.
tubes began to appear beginning
with the July 1919 issues of several
radio magazines.74 Marconi was
clearly displeased with the competition from AudioTron because, as
Cunningham recalled, he received
notice from Marconi in the latter
part of 1919 to the effect that “they
held that our product infringed
their Fleming patent, with the
supplemental legal notice that goes
with it.”75 Cunningham ignored the
warning letter, and Marconi took
no immediate legal action.
About this time, Cunningham
and the DeForest Company decided to settle their lawsuit dating
back to 1916 by executing an agreement dated Nov. 25, 1919 that was
purported to be a license permitting Cunningham to manufacture
and market the AudioTron under
the DeForest patents in exchange
for a payment of $2,500 for past

infringements and a royalty payment of $0.80 per tube going
forward. It is not known who
initiated the contact. Perhaps it
was DeForest for the purpose of
extracting royalties—or perhaps
it was Cunningham for purposes
of obtaining a license that would
allow him to openly advertise his
three-element tube once again in
The Electrical Experimenter, a
magazine that had not accepted
his AudioTron ads since late 1916.
Whatever the reason, immediately
after executing this agreement,
AudioTron ads such as the one
shown in Fig. 22 began to appear
in Gernsback’s Electrical Experimenter and his new Radio Amateur News magazine in February
1920.76 These display ads carried
the following caption in bold at the
top: “LICENSED BY DEFOREST
~ AUDIOTRON ~ The Original
Tubular Vacuum Tube.”
The importance of Cunningham’s access to Gernsback’s pub-
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Fig. 22. Immediately after Cunningham executed an agreement with DeForest
in late 1919, Gernsback once again accepted Cunningham’s ads for the threeelement AudioTron proclaiming “Licensed by DeForest.” (Elect. Exp., Feb. 1920,
p. 1055)

lications in 1919-20 should not be
underestimated. First, Gernsback’s
radio magazines were highly influential, and with the largest circulation at the time, it assured Cunningham a nationwide audience.
Second, as mentioned previously,
Cunningham testified that he was
nearly put out of business by DeForest’s suit against The Electrical
Experimenter, which had resulted
in Gernsback’s refusal to carry ads
for the three-element AudioTron
since the end of 1916. Before his
settlement with DeForest in late
1919, Cunningham’s access to national radio magazines for AudioTron ads was limited to QST and
Everyday Engineering, and even
these ads were very cautious, containing no images or descriptions
of the AudioTron. His later ads
looked more like his prewar ads,
many with both images and glowing descriptions of the AudioTron.

RCA Develops a Legal
Strategy to Counteract
Infringement
Marconi’s legal strategy to
pursue infringers intensified dramatically after General Electric
acquired the stock of the Marconi
Wireless Telegraph Co. of America
and created the Radio Corporation
of America on October 17, 1919,
which then became the successor
corporation to American Marconi.
RCA developed a strategy to put
manufacturers of infringing tubes
out of business by suing the retailers who were selling their tubes,
thereby avoiding a direct confrontation with infringing manufacturers such as Cunningham who
would have a much greater interest in challenging Judge Mayer’s
decisions in the two DeForest vs.
Fleming suits. The dealers would
be much more likely to agree to
an injunction to discontinue sales
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filed against the six dealers shown
in Table 1, the first five for selling
AudioTrons and the sixth for selling the Liberty Valve—the same
two tubes appearing in the warning
published by RCA. To discourage other dealers from handling
infringing tubes, RCA published
the fact that litigation had begun
against dealers selling infringing
tubes in The Wireless Age—specifically identifying three of these six
dealers, Rudolph Schmidt & Co. of
Rochester, Bison Electrical Co. of
Buffalo, and McCarthy Brothers &
Ford Inc. of Buffalo.78
The bills of complaint and the
dispositions of these six cases
were published in
the anonymous tract
pictured in Fig. 24
entitled “Fleming
Valve Case ~ Fleming
Patent No. 803,684”
and subtitled “Final
Decrees and Orders
for Injunctions filed
through March 6,
1920.”79 In all six cases, injunctions were
issued against the
dealers and in favor
of RCA. While the
author of the tract is
anonymous, it was
obviously published
by RCA because they
were the plaintiffs in
all six cases, and in
all six cases RCA had
prevailed. According
to The Wireless Age,
this tract matches the
description of a document RCA attached
to the bill of complaint served on the
defendants, and so it
was most likely preFig. 23. RCA began its campaign to discourage pared (and updated
dealers from selling tubes infringing the Fleming
patent by threatening prosecution in ads beginning from time to time)
in December 1919. (Wireless Age, Dec. 1919, p. 35) to inform the various
of these tubes to avoid expensive
litigation, the cost of which would
surely eclipse potential profits
from their sale.
RCA began its campaign by
placing a number of ads in relevant
publications beginning in December 1919 warning dealers who
bought or sold vacuum tubes infringing the Fleming patent would
be prosecuted (see Fig. 23.)77 RCA
identified two infringing tubes in
particular with the following words
in bold print: “THE AUDIOTRON
AND THE LIBERTY VALVE ARE
NOT LICENSED UNDER THE
FLEMING PATENT.” Legal action soon followed with lawsuits
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courts of the results of previous
litigation, and also perhaps to be
included in warning letters to dealers to intimidate them by showing
RCA was not only active but successful in pursuing infringers.
The injunction against the Radio Apparatus Co. for the Liberty
Valve was particularly devastating
because, according to the RCA
tract, the company was enjoined
from selling not only the Liberty
Valve itself, but also “any instruments, structures, devices, or
apparatus employing any of said
vacuum tubes…” The following
apparatus was then listed as being
enjoined: Type 36 Valve Detector,
Type 36 Long Wave Detector, Type
93 Continuous Long Wave Receiver, Type P N 3 Cabinet Receiving
Set, Type 36 Oscillating Detector
Complete, and others.80 Indeed,
all ads by the Radio Apparatus Co.
disappeared after March 1920.
Fig. 24. Bills of complaint by RCA
RCA clearly pursued Cunning- against six defendants that resulted in
ham dealers because the Audio- crippling injunctions were published in
Tron was dominant among all this tract entitled “Fleming Valve Case,
infringing tubes. The editor of the Final Decrees and Orders for Injuncfiled from May 1919 to March 6,
“The Radio Department” column tion
1920.” (G. Tyne papers)
for Everyday Engineering MagaTable 1. Defendant dealers sued by RCA for selling infringing
Audio Trons and Liberty Valves.
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Fig. 25. The wording of a paragraph in this Liberty Valve ad was virtually identical to that in a Cunningham ad appearing in the same magazine, thus providing
convincing evidence that the Liberty Valve was actually an AudioTron. (Everyday
Engr., Feb 1920, p. 327)

zine noted in the August 1919 issue:
“At the present time the Audiotron
and Moorhead-DeForest tubes
are the only ones available to the
general public.” 81 However, it
was not immediately obvious why
RCA would also go after the Liberty Valve dealer when the Liberty
Valve appeared to be so thinly advertised and so obscure. A review
of the literature reveals something
different. First, there were at least
six ads placed in three different
national radio magazines over a
period of nine months in which the
Liberty Valve appeared.82 These
statistics for infringing vacuumtube ads were exceeded only by ads

for the AudioTron.
Second, and more to the point,
the Liberty Valve was actually
the AudioTron under a different
trade name—something that Gerald Tyne suspected but could not
prove.83 Proof comes from the ad
for the Liberty Value appearing
on page 327 of Everyday Engineering Magazine reproduced
here as Fig. 25, an ad which apparently has never before been
chronicled.84 Compare the wording of the first two sentences of
this ad: “Licensed under patents
Nos. 841,337 and 879,532. To be
used only for amplification in
Radio Communication, and only
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same source—
almost certainly
Cunningham.
To support
this contention, note that
Cunningham’s
strategy of advertising the
AudioTron licensed by DeForest for sale
only as an audio
amplifier as a
defense to a potential RCA suit
first appeared in
this AudioTron
ad in February
1920. It is highly unlikely that
any competitor
unrelated to
the AudioTron
would have hit
upon this same
strategy at the
same time using exactly same
words—with
Fig. 26. The wording of the Liberty Valve ad in the previous both claiming
figure, when compared to the wording in this Cunningham
ad, provides convincing evidence that the Liberty valve was to be licensed
actually an AudioTron. (Everyday Engr., Feb 1920, p. 329) under DeForest
patents—in the
for experimental purposes, and same issue of the same magazine.
only in audio frequency circuits.” Indeed, ads for the Liberty Valve
with the following wording taken and the Electron Audio addressed
from the AudioTron ad of Fig. 26 previously provide strong evidence
reproduced from page 329 of the that Cunningham had been purssame magazine: “…licensed under ing a policy of providing tubular
DeForest Patents Nos. 8413387 audions to other distributors under
and 879532 to be used only for their own brand names.
Cunningham Prepares for
amplification in radio communication and only for experimental Litigation with RCA: The warnand amateur purposes and only in ing notices published by RCA and
audio frequency circuits.”85 While the lawsuits aimed specifically at
the punctuation and capitalization Cunningham dealers were not lost
are slightly different, the word- on Cunningham, who immediately
ing is virtually identical, differing made plans for protracted litigaonly by the absence of the word tion with RCA. In December of
“DeForest” in the Liberty Valve ad. 1916, Cunningham made separate
Clearly, this copy came from the arrangements with W. K. White
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of White, Prost & Evans who had
performed the legal work for Cunningham in the lawsuit with DeForest in 1916, and R. C. Hyde who
was the exclusive manufacturer of
tubes for Cunningham. White, one
of the most preeminent patent attorneys on the Pacific Coast, agreed
to provide legal services to Cunningham on a contingency basis
in return for receiving one-third of
the net profits from Cunningham’s
business, and Hyde agreed to
manufacture and deliver tubes to
Cunningham’s company at his cost
in turn for receiving another onethird of the net profits.86 This was
a brilliant maneuver on the part
of Cunningham because he would
have unlimited access to legal support essentially paid for out of net
profits (if any) rather than out of
pocket. Further, his cost of operations would be reduced as a result
of his agreement with Hyde. With
these agreements in hand he was
ready to do battle with RCA.
To bolster his bargaining position, Cunningham wrote an article
published in the February 1920 issue of Pacific Radio News entitled
“The Vacuum Tube Situation”
which outlined his legal strategy
in the event of litigation over the
Fleming patent. 87 It appears to
be an open letter to RCA, written
perhaps with the objective of forestalling litigation. Cunningham
outlined two basic legal arguments
that are summarized in the next
three paragraphs.
First, Cunningham noted that,
“…according to Judge Mayer in
the Marconi vs. DeForest case,
Fleming did not invent A NEW
DEVICE, but merely suggested a
NEW USE of an OLD DEVICE [the
two-element Edison lamp] and
which USE is that of a DETECTOR
of RADIO FFREQUENCY alternating currents.” He then noted that
just before the trial Fleming filed

a disclaimer rejecting any claims
for applications at low frequencies
and limited the claims in his patent
for use “as a RADIO DETECTOR.”
Cunningham concluded that no
court would find that Fleming’s
patent covered the use of an old
device in applications that Fleming
never conceived of (namely as an
oscillator or amplifier), and that in
fact are not possible with the old
device. Of course, Judge Mayer
had done just that. He ruled that
inventors were entitled to uses of
their patents whether or not they
had envisioned those uses at the
time of the filing of the patent. He
gave Fleming the benefit of this ruling, even though logic would dictate that if he were going to award
anyone patent coverage for uses
not envisioned for the old device, it
should have been to the inventor of
the old device—namely Edison, not
Fleming! Perhaps Cunningham
meant no judge in California.
As a practical matter, the most
important point of Cunningham’s
first argument was that the Fleming valve could not amplify or oscillate in a manner suitable for uses
in radio, something that could have
been demonstrated in court, but
something that DeForest utterly
failed to do in the two trials before
Judge Mayer. Cunningham indicated he was fully prepared to do
just that by stating: “We feel quite
certain that the AudioTron does
not infringe the Fleming patent, no
matter to what uses it may be put,
and we are prepared to attack the
validity of such patent.”
Second, Cunningham argued
that “the use of our device as an
amplifier in audio frequency circuits is clearly within the specific
language of the Fleming disclaimer
and therefore cannot infringe such
patent, we are selling same for
that use only, although we have a
license from the DeForest Com-
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pany which permits us to sell it as
a detector or amplifier for amateur
purposes only.” All of Cunningham’s ads placed after the RCA
warning published in December
1919 contained the admonition “…
to be used only for amplification
in radio communication and only
for experimental and amateur purposes and only in audio frequency
circuits.” Cunningham’s argument
was unassailable because Fleming
claimed invention only for application to currents or oscillations
of the order employed in Hertzian
wave transmission.
Note that Cunningham had
changed his legal strategy in this
February 1920 article as compared
to the strategy he laid out in his
May 1917 article in the Pacific
Radio News. In the earlier article
he stated: “The mode of operation
[of DeForest’s device as described
in his patent] is dependent on the
conduction of electricity between
the electrodes by gaseous ions.
The Audiotron and similar vacuum
bulbs is a high vacuum device in
which no gaseous medium or gas
[ion] conduction is utilized. The
Audiotron is therefore lacking in
one essential element of the DeForest combination and does not
infringe.” He was well advised to
change his strategy because the
two tubes, in fact, worked on the
same principle, although they may
have operated at somewhat different gas pressures.
RCA Sues Cunningham
Cunningham countered RCA’s
strategy of seeking preliminary
injunctions against his dealers by
advising them to advertise that the
AudioTron was to be used only at
audio frequencies. He reasoned
that no court would issue a preliminary injunction against tubes
used only for audio amplification

due to the disclaimer filed by Marconi for use at low frequencies. In
March 1920, dealer ads began to
appear with words restricting use
of the AudioTron to audio frequencies such as the one placed by the
Jensen Electric Co.: “Licensed
under DeForest Pats. Nos. 841387
and 87953[2] for use in amateur
radio amplifying audio-frequency
circuits.”88
Apparently the strategy of prosecuting AudioTron dealers was
not working for RCA because after
pursuing this strategy for approximately six months, RCA finally
filed suit against Cunningham
and the AudioTron Company on
Apr. 17, 1920 for infringement of
the Fleming patent. Cunningham
immediately arranged a meeting
with RCA principals, specifically
David Sarnoff and RCA attorney
E. F. H. Betts of Sheffield & Betts
in early May 1920 for the purpose
of negotiating a license from RCA.
At this meeting, Cunningham
informed RCA that he had a license
from DeForest under his audion
patents and was seeking a similar
arrangement from RCA under the
Fleming patent. RCA responded
by informing him that the DeForest license he held was not valid
because DeForest had sold most
of his rights under his tube patents
to Western Electric—including
the exclusive right to license others. Cunningham then asked for a
postponement of the negotiations
so he could verify the terms of the
DeForest and Western Electric
agreements.
Cunningham immediately
returned to San Francisco and
quickly found that his agreement
with DeForest did not constitute
a valid license to manufacture or
sell three-element tubes under
the DeForest patents. He learned
that DeForest had transferred
exclusive licensing rights in his
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audion patents to Western Electric in 1917 and had retained only
the nonexclusive right to sue
infringers, settle those lawsuits
and retain proceeds, if any. Consequently, DeForest had structured
the agreement so that the existing
lawsuit against Cunningham was
settled for a one-time payment of
$2,500 for all infringements by
Cunningham before Dec. 1, 1919,
and that DeForest would “refrain
from instituting or prosecuting any
suit or suits against Audiotron by
reason of manufacture or sale of
apparatus embodying the inventions of the said letters patent
[No. 841,387 and No. 879,532]
during the life of the agreement”
for a royalty of $0.80 on each tube
sold by Cunningham after Dec. 1,
1919.89 However, nothing in the
DeForest–Cunningham agreement
referenced the fact that DeForest
had specifically granted Western
Electric the exclusive right to grant
licenses, or that Western Electric
had the non-exclusive right to
sue, settle, and retain proceeds
for infringement of their exclusive
rights under the audion patents—
notwithstanding this agreement.
It is surprising that Cunningham was not aware that DeForest’s
rights under the audion patents
had been sold to Western Electric
long before he signed what he
thought was a licensing agreement
dated Nov. 25, 1919. When asked
much later at the FTC hearings
in December of 1926 about what
he knew of this agreement, he explained it this way:90
“At the time of entering into
that contract I naturally assumed
that the DeForest Company had
the right to grant that license,
because prior thereto they had
brought suit on these patents
against me, and if they had the
authority to bring suit I thought
they had the right to supply or

grant a license of that contract.”
Cunningham’s response seems
logical on the face of it, but it must
be remembered that DeForest sold
his right to grant licenses between
the time he filed the lawsuit against
Cunningham in 1916 and the time
he made the agreement with Cunningham in December of 1919. It
seems likely that Cunningham
would have become aware of DeForest’s assignment of his patents
to the Telephone Company in the
intervening time.
Cunningham appeared to be in
a no-win situation because he did
not have a license from RCA under
the Fleming patent, and he had just
discovered that, not withstanding
his agreement with DeForest not
to sue, Western Electric could
sue him for infringement of its
rights under the DeForest patents.
Worse yet, he had paid DeForest a
handsome fee to settle the lawsuit
and had to pay royalties to DeForest for each tube he sold from the
date of the agreement without benefit of a real license. At that point,
it must have seemed improbable
to Cunningham that he would ever
obtain a license from RCA, and
even if he did, he would still face
almost certain legal action from
Western Electric.
It so happened that Lee DeForest came to San Francisco in
March of 1920 and stayed there
until June, in part to set up Lee
DeForest, Inc. for the purpose of
exploiting his radiotelephone technology.91 It is almost certain that
Cunningham met with DeForest
in San Francisco immediately after
returning from the RCA meeting
in New York because DeForest in
his autobiography writes of an “alliance” that he and Cunningham
made involving Moorhead Laboratories, which would have solved
Cunningham’s problem with his
so-called DeForest license.92 This
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arrangement appears to be the key
bargaining chip that Cunningham
played in his next meeting with
RCA which caused RCA to license
Cunningham as an agent for RCA
to market and distribute tubes.
As far as this author is aware, this
alliance, which is described in the
following paragraphs, has never
been suggested or recognized as
the key bargaining chip.
The DeForest–Cunningham Alliance: As a prelude to describing
the DeForest–Cunningham alliance, which involved the disposition of Moorhead Laboratories, it
is necessary to review the situation that Moorhead Laboratories
found itself in the spring of 1920.
Moorhead Labs ran out of operating capital in March 1920, and its
president Otis Moorhead notified
one or more of his creditors that
he intended to file for bankruptcy.
The largest of these creditors was
Henry Shaw, president of Shaw
Insulator Co., who not only had
an account with Moorhead in
excess of $30,000, but had also
guaranteed accounts for glass from
Corning Glass Works and tube pins
from the Ericson Company. According to Shaw’s testimony at the
FTC hearings, Shaw went to San
Francisco on March 17, 1920 for
the purpose of helping Moorhead
avoid bankruptcy.93
In the end, Shaw arranged financing for Moorhead in return
for a 75% share of the company.94
This included a loan of $50,000
so that manufacturing operations
at Moorhead Labs could continue.
Shaw was elected its president at
the annual shareholder meeting
on May 3-5, 1920, at which time
he reorganized the Company so
that Otis Moorhead was no longer
in control. Shaw organized two
sales companies, the Pacific Radio
Supplies Company to distribute
the Moorhead products on the Pa-

cific Coast and the Atlantic Radio
Supplies Company to distribute
products to the Eastern territory.
Lee DeForest also became involved
with Moorhead Labs soon thereafter by acquiring an undisclosed interest in the Company and a seat on
the Board, a position from which
he helped Shaw run the company.
Note that all this happened just
before Cunningham returned to
California from the meeting with
RCA officials in New York in early
May 1920.
With this background, DeForest’s very brief description of the
alliance he writes about in his biography can be understood:95
“In March of 1920 I left New
York for a brief stay in San Francisco. I was determined to escape
from two burs beneath my saddle—that New York federal district
injunction, and that New York
federal radio inspector’s authority. I was also determined to get
back as quickly as possible to my
pet project, radiobroadcasting.
“But first I set about opening a
tube factory for the manufacture
of the oscillion, or transmitter
power, tubes. New vacuum pumps
were shipped from the east and
Coyer’s most skilled tube man was
rehired to take charge. I began
collaborating with Henry Shaw of
the Atlantic and Pacific Company,
which company for years past
had manufactured Bakelite bases
for our VT tubes. Shaw was now
opening a similar plant in San
Francisco. An alliance was made
with Elmer P. (sic) Cunningham
and his struggling Remler Company to take over control of the
Moorhead Company. The Moorhead Company had been licensed
under the Fleming valve patents
long before by the American Marconi Company but was stopped by
injunction from manufacturing
Audions for the general market.
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Thus was untied a very knotty patent situation. Under our control
the Moorhead Laboratories were
soon producing Audions again.”
DeForest’s recollections from
thirty years prior are somewhat
muddled, and therefore a few
words of explanation are in order.
Henry Shaw, then president of the
Shaw Insulator Company, came to
California, not to open a company
but to provide capital in order to
reopen the Moorhead Company,
which had just closed due to a
lack of operating capital. He did
open the Atlantic and Pacific Radio
Supplies Companies circa May of
1920 to market Moorhead tubes
after Marconi cancelled the agreement to market the Moorhead/
Marconi VT tube. Shaw provided
bases for the Moorhead VT tubes
which were described in Atlantic
and Pacific ads as “the SHAW
standard, four-prong bakelite base
(patented).”96 It was the Marconi
Company that had been prevented
from selling tubes to the public
by injunction, not the Moorhead
Company. Moorhead Laboratories
was stopped from producing tubes
in May 1920 because it ran out of
cash.
DeForest may have forgotten
which of Cunningham’s two companies was to take over control of
Moorhead in the alliance of which
he speaks. It is more likely that
it was Cunningham’s AudioTron
Sales Company (a company that
was surely struggling at that time)
rather than his Remler Company.
DeForest and Shaw did get the
Moorhead Company producing
tubes again, albeit without Cunningham, who ultimately elected
to strike a different agreement with
RCA. The agreement that DeForest executed with Shaw, President
of Moorhead, to forestall a suit
from Western Electric was similar
to the one he struck—but did not

execute—with Cunningham. Cunningham describes this DeForest–
Shaw agreement in a letter sent by
Cunningham to RCA, a letter that
is reproduced later in this section.
The arrangement with Cunningham described by DeForest
above was one in which DeForest
would attach his personal license
to the Cunningham company after
merging it with Moorhead Labs.
Properly structured, such an arrangement would satisfy the letter of the 1917 contract DeForest
had with Western Electric which
granted DeForest a personal license to manufacture and distribute audions for use by amateurs. In
essence, either Remler, or perhaps
AudioTron, was to become DeForest’s agent for manufacturing and
distributing Moorhead audions.
The proposed arrangement, superseding the defective license Cunningham received from DeForest
in late 1919, would have forestalled
litigation by Western Electric and/
or AT&T.
This alliance would have been
highly favorable to each of the
three parties concerned. DeForest
had little to lose and everything to
gain. Cunningham would litigate
the DeForest audion infringement
of the Fleming valve with RCA
once again and without cost to
DeForest—with the real possibility
of defeating RCA in a more favorable San Francisco court. DeForest
would also sidestep potential legal
problems with Cunningham for
misrepresentation in the defective
licensing agreement with Cunningham. Shaw, who resided on the
east coast, could protect his investment without having to operate
Moorhead Labs, which was located
on the Pacific Coast. Further, he
would not have to continue to expend resources on the operations
of his newly formed Atlantic and
Pacific Company, whose market-
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ing and sales function would be
taken over by Cunningham and
his existing distribution network.
Cunningham would have access
to a real vacuum tube factory with
access to better technology and
equipment developed by Moorhead under government contract
during the war.
The only potential obstacle to
this arrangement was the possibility that RCA would go back to
Judge Mayer and ask that DeForest
be sanctioned for manufacturing
and selling the audion under his
personal license, something he was
proscribed from doing as a result
of the judgment Judge Mayer
rendered in 1916. However, Cunningham’s strategy at this time—as
opposed to Moorhead’s strategy—
was to sell tubes restricted for use
as an amplifier at audio frequencies until the litigation with RCA
in California was settled. Since
Marconi had disclaimed use of the
Fleming valve for low frequencies
(e.g., audio frequencies) in the
litigation before Judge Mayer, it
was unlikely that Judge Mayer
would sanction DeForest as long
as the audions were manufactured
and sold for use only as an audio
amplifier.
Cunningham Negotiates
a Deal with RCA
After forming the alliance with
DeForest and Shaw, Cunningham
returned to New York to continue
negations with RCA for a license
under the Fleming patent. There
is no record of what was said, so
one can only speculate as to how
the bargaining proceeded. Cunningham would have begun by
describing the alliance that he had
made with DeForest and Shaw to
replace the defective license that
he had obtained from DeForest in
November 1919, and would have

once again asked for a licensing
agreement from RCA.
Cunningham would then have
reiterated that he was fully prepared to go to trial in the suit
RCA had brought against him
for infringement of the Fleming
valve. He would have pointed out
that RCA asked for but was never
granted a preliminary injunction
against Cunningham, and that
RCA was unlikely to prevail for
the AudioTron with use restricted
to an audio amplifier. Also, if the
RCA suit went to trial, Cunningham would attempt to establish
that the AudioTron (and/or the
Moorhead tubes) did not infringe
the Fleming patent when used as
an amplifier at any frequency, as
an oscillator for use in transmitting
radio signals, or as a highly sensitive regenerative detector using
the Armstrong circuit. Since the
Fleming tube could not perform
any of these functions, it is likely
that Cunningham would have prevailed, at least to some degree, in
the California Circuit Court, generally conceded by all to be a venue
more favorable to Cunningham
than RCA.
RCA would have been alarmed
by the alliance with DeForest because they were well aware that,
if structured properly, DeForest
had the right to attach his personal
license to another entity. RCA must
have told Cunningham they would
bring a motion for contempt in
Judge Mayer’s court against DeForest for violating the injunction
proscribing DeForest from manufacturing or marketing the audion
when used as a detector, amplifier
or oscillator. Cunningham would
have countered by reiterating that
a contempt citation against DeForest would not be likely to succeed
because they would be manufacturing and marketing tubes for use
at low (audio) frequencies only—a
Volume 25, 2012 223

AWA Review 2012.indb 223

19/06/2012 6:42:16 PM

Tube Tangle
claim that Marconi had excluded
from Fleming’s patent by filing a
disclaimer just prior to the trial in
Judge Mayer’s court—and would
continue to do so until trial in
California.
According to Cunningham, the
negotiations with RCA went on for
five to six weeks.97 In the end, RCA
must have concluded that the best
course of action was to join forces
with Cunningham rather than to
take a chance on losing their monopoly on vacuum tubes by going
to trial with Cunningham, a very
determined and savvy adversary.
However, rather than granting
him the license he was seeking,
RCA negotiated a sales agreement
in which Cunningham would sell
tubes manufactured by General
Electric, but supplied by RCA. Cunningham would resell the tubes
as if he were a master distributor,
except that they would be branded
using his own trade name. Apparently, Cunningham believed that it
was safer to join forces with RCA
than to formalize the proposed alliance with DeForest and take his
chances in litigation with RCA and
perhaps Western Electric as well.
Both sides came out as a winner with this agreement. RCA was
able to tap into Cunningham’s
nation-wide distribution system
that he had been developing over
the years, and RCA obtained a
commitment to buy a rather large
quantity of tubes each year for
the life of the DeForest patents. It
eliminated one of RCA’s most persistent, competent and successful
competitors, and ended the Cunningham litigation with its vacuum
tube monopoly intact.
Cunningham, for his part, ended the litigation with RCA as well
as the potential for future litigation
with Western Electric. Also, Cunningham did not have to invest in a
tube factory as the market expand-

ed nor did he have to develop new
tubes as technology evolved—and
best of all, Cunningham and his
company remained independent,
albeit as a captive distributor of
tubes supplied by RCA.
Unfortunately, there is no independent corroboration of the
arrangement that DeForest described in his autobiography. Both
Cunningham and Sarnoff have
been silent in their writings and
public pronouncements about the
negotiations leading up to this
agreement. However, Shaw in
testimony before the FTC made
the following comment about a
conversation he had with Cunningham in Shaw’s office in February or
March of 1922:98
“…Mr. Cunningham known as
the Cunningham manufacturer of
radio tubes who came to my office
in San Francisco about February or March—I am not certain
as to that date—and at that visit
stated to me that he had made a
contract with the General Electric
Company and that he had discontinued the manufacture of what
we termed audiotrons; but was
permitted to dispose of those that
he had on hand providing that he
would not enter into any more
deals with DeForest; and that
he was to bring out what is now
known as the Cunningham tube.”
In this recollection, Shaw states
that Cunningham agreed not to
enter into any more deals with
DeForest—implying that Cunningham had entered into at least one
deal with DeForest in the past. The
only deal that Cunningham was
known to have had with DeForest—other than the faulty licensing
agreement ending the litigation
between the two—was the arrangement referenced above, a deal that
was never actually formalized or
executed. It seems more likely that
Cunningham would have been ad-
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monished by RCA to avoid future
deals with DeForest based on a
deal that had confounded RCA, not
the faulty licensing agreement that
had been highly disadvantageous
to Cunningham himself.
Evidence that the alliance between Cunningham and DeForest/
Shaw would indeed have forestalled a suit from AT&T/Western
Electric comes from a letter written
by Cunningham to attorney L. F. H
Betts representing RCA dated July
22, 1920 referring to the “Moorhead situation” in which Moorhead
and DeForest planned to continue
selling Moorhead tubes after the
cancellation of the licensing agreement effective on July 29, 1920. At
the time of this letter, Moorhead
had become a direct competitor of
Cunningham, and Cunningham
was interested in helping RCA put
Moorhead out of business. Cunningham writes:99
“In reference to the Moorhead
situation, I advise you that this
company is being operated by
Mr. Shaw of the Shaw Insulator
Co. of Newark, N. J. and by Dr.
de Forest jointly as a stockholders
committee. They are advertising
their products as licensed under
the de Forest and Fleming patents, and I understand that they
construe the contracts between
the Marconi Co., de Forest Co.,
and themselves, and which expire
by cancellation on July 29th, as
granting them a manufacturing
license under the Fleming patent.
They evidently realized that the de
Forest Co. could not grant them a
valid license, and therefore they
have been appointed by the de
Forest Radio Tel. & Tel. Co as a
selling agent for that company,
and the de Forest patent rights
therefore attach to their product
by technically passing through
the hands of the de Forest Co. This
procedure appears to be perfectly

proper under the Western Electric
contract, but if it can be shown
that the Moorhead Co. do not hold
a Fleming license for amateur and
experimental use, then the de Forest Co. is guilty of contempt under
the injunction granted by Judge
Mayer and legal action can be had
in the New York district, which is
something that is greatly to Radio
Corporation’s advantage.”
According to this letter from
Cunningham, it appears that DeForest was now using the same
strategy with Shaw and Moorhead that DeForest had proposed
to Cunningham earlier to avoid
litigation with Western Electric.
Cunningham was reminding RCA
of its option to bring a complaint
against DeForest in Judge Mayer’s
court—which, in sharp contrast
to Cunningham, RCA could have
done because Moorhead was advertising tubes for sale as detectors, oscillators, and amplifiers
at all frequencies, whereas Cunningham had restricted sales to
low-frequency amplifiers.
The RCA–Cunningham Agreements: RCA and Cunningham
signed two agreements dated June
15, 1920 that were immediately put
into escrow to be delivered only in
the event that the RCA acquired
certain rights from AT&T permitting them to convey those rights
to Cunningham. RCA attorney E.
F. H. Betts sent a letter dated May
25, 1920 to AT&T patent attorney
George E. Folk requesting approval
of the proposed RCA–Cunningham agreement. The assignment
was approved shortly after the
RCA–Western Electric crosslicensing agreements were signed
on June 30, 1920, and the agreements were released from escrow
sometime in July 1920.100
The first agreement entitled
“Licensing Agreement–Radio
Corporation of America and Elmer
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T. Cunningham,” permitted Cunningham to sell his tubes of less
than five watts for amateur and
experimental use only for a 90-day
period. This agreement covering
the first 90 days was intended not
only to allow Cunningham to sell
his existing stock of tubes, but
also because RCA estimated that
it would take 90 days to have the
necessary tubes with Cunningham’s markings manufactured and
delivered. A licensing fee or royalty
of $1.60 per tube was specified
in this agreement. Because RCA
could not deliver tubes in September as planned, this agreement was
modified by a second agreement
dated Sept. 13, 1920 which allowed
Cunningham to sell a total of 7,000
AudioTrons between June 15, 1920
and January 1, 1921.101
The second agreement entitled
“Sales Agreement–Radio Corporation of American and Elmer T.
Cunningham” was the historic
agreement that made Cunningham
a master distributor for the life of
the DeForest audion patents, specifically until February 18, 1925.
The most surprising feature of
this agreement was the clause that
Cunningham had the right to sell
them under his own trade name
or trademark, without the RCA or
GE name or mark placed anywhere
on the tube or carton. When asked
about this clause during the FTC
hearings, this is what Cunningham
had to say:102
“That clause in there is something that I insisted on. In other
words, I either individually or
through my company, had a
certain position in the vacuum
tube business, nationally, dating
back to 1915, and I was somewhat concerned over success of a
switch from manufacturing my
own production to distributing
the production of someone else’s
manufacture; and I insisted,

with the thought in mind that it
was essential that I maintain my
individual identity in the market,
that they would not in any way
require their name or the trademark or names of trade-marks of
their associated companies on my
production.
“In other words, they were
giving me a production that was
a blank so far as indicating the
source of origin was concerned,
and leaving it free to me to create the impression that I was the
source of origin as far as my
marking was concerned. That
was the clause I insisted on.”
The agreement called for a
minimum purchase of 25,000
tubes for the first full four-year
periods of the agreement, and
a maximum number of 50,000,
60,000, 70,000 and 80,000 tubes
during these respective periods.
The last period of approximately
five months was prorated to a
minimum of 10,000 tubes and a
maximum of 20,000 tubes.
RCA guaranteed to sell and
deliver tubes to Cunningham’s
AudioTron Company at a discount
of 20% from the lowest net prices
offered jobbers or other purchasers
purchasing tubes in quantities of
less than 25,000 in any consecutive 12-month period. RCA specifically reserved the right to sell
tubes to others at the same price
it charged Cunningham—provided
they purchased 25,000 tubes
within a twelve-month period.
According to Albert G. Davis,
General Electric VP, pricing was
the major issue in the negotiations between Cunningham and
RCA. Cunningham would need a
deeper discount than that offered
by RCA to most of its distributors
because Cunningham would have
additional expenses for advertising, marketing and a discount
structure for his distributors. In
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essence, Cunningham would be an 50, and $3.00 for a 40% discount
extra link in the RCA distribution for three cartons or more.
Cunningham’s price was $2.40
channel, and RCA would have to
allow for additional money in the for a minimum of 25,000 tubes
price structure to cover Cunning- (500 cartons), amounting to a 20%
discount from the best jobber price
ham’s expenses.
Negotiations for the price struc- of $3.00. The RCA price sheet did
ture were based on a tube that not indicate additional discounts
would be designated the UV-200 in very large quantities such as the
soft detector, the first tube to be 500 cartons Cunningham agreed
developed by GE specifically for to buy, but RCA did reserve the
RCA. During the negotiations, GE right in Cunningham’s contract to
gave the general impression that it sell at the same discount to other
could develop a soft detector tube customers purchasing 500 cartons
“which would equal or excel the or more. Both the estimated cost
operating capabilities of the Audio- structure used during negotiatron performance” at a cost to the tions and the actual cost structure
Radio Corporation of $1.00.103 It implemented in late 1920 for the
was generally understood (but not soft detector tube is shown in Table
legally binding) that RCA would 2. The discount structure for other
sell the tube to Cunningham for tubes sold by RCA was varied, but
$2.00, to RCA jobbers at $2.50 Cunningham always received the
and to the consumer at the firm 20% discount for which he had
price of $4.50—a price reduction bargained.
of $1.50 as compared to the soft
It should be noted that Tyne
AudioTron detector Cunningham mischaracterized this feature of
was then selling at $6.00.
the pricing agreement in his book
After RCA delivered the con- Saga of the Vacuum Tube by stattract from escrow to Cunningham, ing that Cunningham was the only
Mr. Edwards of GE informed David customer that could buy them at
Sarnoff by letter on July 29, 1920 this discount rate: “These tubes
that the actual cost to RCA would were to be sold to Cunningham at
be approximately $2.00 per tube a discount 20% below the lowest
assuming a minimum purchase of price quoted to any other customer
100,000 tubes. In the end, GE ini- and were to be marketed as Autially sold the UV-200
and C-200 soft detec- Table 2. Estimated and actual costs per
tors to RCA for exactly tube for the UV-200 detector at each
$2.00, and the first level of distribution based on quantities
RCA price sheets dated of 50-tube cartons
May 15, 1921 listed the
tube at $5.00 for the
end user. The discount
structure as listed on
the first RCA price sheet
was as follows: $3.75 for
a 25% discount to distributors and jobbers in
quantities of 10-49 (less
than one carton), $3.50
for a 30% discount for
one or two cartons of
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dioTrons.”104 Many authors have
repeated this mischaracterization,
each time citing Tyne as the source.
The Report of the Federal Trade
Commission released in December 1923 and printed in 1924 put
it correctly in this succinct statement: 105 “It [the Cunningham–
RCA agreement] provides that the
Radio Corporation shall sell and
deliver the vacuum tubes at a discount of 20% from the lowest net
prices charged other distributors
purchasing in quantities of less
than 25,000 tubes, reserving the
right to give the same discount to
any other distributor purchasing
similar quantities.” It came out
in testimony at the FTC hearings
published in 1928 that RCA was,
in fact, selling tubes at a premium
discount to four of its best vacuum
tube customers, who, while not
named, presumably included Cunningham.106
While this pricing arrangement
may seem highly favorable to Cunningham, it must be remembered
that he was responsible for creating and paying for all his advertising and other marketing materials
such as show cards, circulars, tube
manuals and so forth. He placed
full-paged ads for his tubes in
various radio magazines with national distribution that matched
the panache, if not the quantity of
those placed by RCA for its Radiotrons. He also placed advertising
in approximately 100 local papers,
which according to Cunningham
amounted to the “bulk” of his
advertising budget. Cunningham
also had to pass on discounts to his
dealers and jobbers, giving them a
discount structure similar to that
of RCA. Cunningham testified that
he had 160 to 175 different jobbers/
distributors in 1925, and that only
one or two of these were in common with RCA.
More Litigation with DeForest:

Despite the new agreement with
RCA, Cunningham still had a valid
contract with DeForest requiring
him to pay a royalty of $0.80 per
tube. Nevertheless, according to
Cunningham’s testimony, he refused to make any more monthly
payments required under that
contract after his May 1, 1920
payment.107 DeForest sued Cunningham in Federal court in San
Francisco for breach of contract
shortly thereafter—in August or
September of 1920, as Cunningham recalls.
Cunningham filed a countersuit
against DeForest seeking to recover
all the royalties and money that he
paid DeForest on the grounds that
“the thing that he had purported to
give us was not what we thought
we had gotten, and we had a right
to that recovery.” Cunningham
asked for, but did not get, a summary judgment against DeForest.
The suit languished for a year or so
without either side pressing their
case. Approximately a year later,
it was settled without either side
paying the other.
Thus ended litigation over vacuum tube patents for Cunningham.
Of all major participants in the
vacuum tube tangle, Cunningham
alone exited the tangle virtually
unscathed. He had been sued three
times, twice by DeForest and once
by RCA. He had paid only a modest amount to settle infringement
claims in a suit filed by DeForest in
1916, and nothing on the other two
suits. In the end, he received valid
licenses from RCA under both the
DeForest and Fleming patents, and
created a very successful and profitable business during the decade
of the 1920’s without further entanglements in suits over vacuum
tube patents.
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Transitions to E. T. Cunningham, Inc. (1920-1930)
Elmer Cunningham sold tubes
supplied by RCA for a 10-year period from December of 1920 to 1930
through a company he controlled,
first as Audiotron Sales Co. and later as a Delaware corporation under
the name E. T. Cunningham, Inc.
Cunningham grew his company
from sales of 26,000 tubes in 1921
to a whopping 9,000,000 tubes
in 1926, the last year for which
an annual accounting for tubes is
available (see Table 3). In 1926,
E. T. Cunningham, Inc. reported
a net profit of $1,000,000 on the
sale of 9,000,000 tubes, a number
that accounted for one-third of all
tube sales by RCA that year. During this 10-year period, Cunningham also gained a reputation for
high-quality tubes that rivaled or
exceeded that of RCA’s Radiotrons.
For reasons unknown, Elmer
Cunningham agreed to sell 55%
of the stock in E. T. Cunningham,
Inc. back to RCA in late 1925, with
an option for RCA to purchase
the rest after May 31, 1929. RCA
exercised this option sometime in
1930, at which time E. T. Cunningham Inc. became a wholly owned
subsidiary of RCA. The story of the
phenomenal success of E. T. Cunningham, Inc. leading to the sale

back to RCA is briefly related in
the following paragraphs arranged
chronologically.
Events of 1920: The RCA–Cunningham sales agreements were
released from escrow in July 1920,
shortly after the RCA-Western
Electric cross-licensing agreements were signed on June 30,
1920. Cunningham’s September
ad proclaimed that the original
tubular AudioTron was “now free
from all restrictions” and that the
tube was licensed under the Fleming patent. Oddly, the ad was silent
about licensing under the DeForest patents even though RCA had
extended patent rights under the
DeForest patents to Cunningham
as well. Cunningham was involved
in a dispute with DeForest over the
defective licensing agreement of
November 1919 at this time, and so
perhaps Cunningham did not want
to provide evidence that DeForest
licensing was important to him in
the marketing of the AudioTron.
Cunningham had been operating his company under the name
Audiotron Sales Co., but after the
agreement with RCA became effective, Cunningham changed the
name of his company to the AudioTron Mfg. Company as successor to
the AudioTron Sales Co., a change
which became evident to the public
though his ads beginning in August
1920.108 It is ironic that when Cunningham made his own
Table 3. Cunningham’s annual tube tubes, his company was
sales for the period 1921 to 1926.
a “sales” company, but
when his tubes were being manufactured by GE
and supplied by RCA, his
company became a “manufacturing” company.
By using the word
“Mfg.” in the company
name, Cunningham may
have been trying to obfuscate the fact that he
would no longer be makVolume 25, 2012 229
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ing his own tubes. Evidence of an
attempt at deceit is suggested by
the patently false statement in the
September ad that “Manufacturing reasons make it impossible to
continue the present hand-made
AudioTron.” It was actually the
sales agreements with RCA that
made it impossible.
During the summer and fall of
1920, General Electric was busy
developing a number of new tube
types for RCA, three of which were
to be delivered to both RCA and the
AudioTron Sales Co. in September
1920. The original designations for
the three tubes designed for RCA
were “P. 131” for a soft “Radiotron
Detector,” “P. 132” for a hard “Radiotron Amplifier,” and “P. 133” for
a 5-watt “Pliotron” oscillator. It is
likely that the designation “P” was
derived from the word Pliotron, the
trade name GE had been using for
their tubes. Cunningham requested different names and numbers
from those used by RCA, and so his
initial designations were “P. 170”
for an “Audiotron” soft amplifier,
“P. 171” for an “Amplitron” hard
amplifier, and “P. 172” for an “Oscilltron” 5-watt oscillator.
Cunningham announced his
plans for the three new tubes in
a short article appearing in the
October issue of QST.109 It stated
in part: “In October this company
contemplates marketing a gas
content detector known as the
AudioTron, a high-vacuum tube
for amplifier work to be known as
the Amplitron, and a 5-watt oscillator which will be called the OscilTron,” a slightly different spelling
of the name that appeared in RCA
documents. These names also appeared in the AudioTron ad placed
in the October and November 1920
issues of Pacific Radio News (see
Fig. 27). 110 Cunningham would
very briefly use the trade name
Audiotron on the first detector supplied by RCA, but he would never
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use the Amplitron, OscilTron or
Oscilltron names as he originally
planned.
RCA was unable to deliver the
new tubes in September 1920 as
planned, so the RCA-Cunningham
licensing agreement was modified
in September allowing Cunningham to sell another 2000 AudioTrons through December 1920. In
the interim, GE and RCA changed
the designations of all its radio
equipment including its vacuum
tubes,111 and by agreement with
RCA and Cunningham, the list
designations (i.e., numbering system appearing on sales lists) were
changed on Sept. 25, 1920 to the
more familiar UV and C designations shown in Table 4.112
It is interesting to note that the
Bucher memo changing the designation of these tubes was dated the
same day that orders were transmitted by RCA to GE for 25,000 of
both the P-132 and P-133 tubes. An
order for 85,000 P-131 tubes had
been placed the week before on
September 18th. Obviously, plans
and schedules for the manufacture
of the first five tube types by GE for
RCA and Cunningham were highly
fluid during this period.
A preliminary sketch of a tube
carton by an RCA engineer dated
July 21, 1920 using the original
designation for the Cunningham
oscillator tube clearly shows the
carton was to carry the “list”
designation P. 172 and the trade
name Oscilltron (see Fig. 28).
The changes to the new designations finalized in September 1920
were incorporated into the final
versions of tube cartons that were
actually produced in late 1920
and early 1921. For example, the
oscillator tube carton pictured
in Fig. 29 carries the C-302 list
designation rather than the P. 172
designation as originally planned,
and the name “Transmitter 5 watt”
was used rather than the original
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Fig. 27. As late as November of 1920, Cunningham was advertising plans to
use the following trade names for the first three tubes to be supplied by RCA in
December: “AudioTron Detector, “AmpliTron Amplifier,” and “OscilTron Oscillator.” (Pacific Radio News, Nov. 1920, inside front cover)

Oscilltron name. Note that Cunningham’s new company name,
AudioTron Mfg. Co., appeared at
the bottom of the carton.
According to internal RCA

correspondence, RCA and Cunningham had reached an agreement whereby Cunningham tube
sales were to be restricted not
only to amateur and experimenVolume 25, 2012 231

AWA Review 2012.indb 231

19/06/2012 6:42:17 PM

Tube Tangle
Table 4. Original and revised designations for vacuum tubes
to be sold by the Radio Corporation. (based on E. E. Bucher
memo of Sept. 25, 1920)

Fig. 28. A preliminary sketch of a tube
carton by an RCA engineer dated July
21, 1920 using the original designation for the Cunningham oscillator
tube clearly shows the carton was to
carry the “list” designation P. 172 and
the trade name “Oscilltron.” (G. Tyne
papers)

Fig. 29. The actual tube carton for
Cunningham’s Oscilltron carried the
C-302 designation rather than the
originally planned P. 172 designation,
as well as the designation “Transmitter 5 Watt” rather than the planned
Oscilltron designation. (Courtesy of
Joe Knight)
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tal use, but also to less than five
watts. The first RCA–Cunningham agreement covering tubes
manufactured by Cunningham in
1920 had this restriction, but this
restriction was inadvertently omitted from the second agreement
covering tubes to be supplied by
RCA. Consequently, as indicated
in the above table, there were no
“P” designations initially assigned
to tubes with powers greater than
five watts. However, RCA honored
the terms of the second agreement
as they were written, and allowed
Cunningham to sell tubes with
powers greater than five watts if he
elected to do so. In fact, Cunningham did elect to market two such
tubes in 1921 including the 50-watt
UV-203 and the 250-watt UV-204,
which were designated C-303 and
C-304 respectively.
Cunningham continued to advertise and sell the tubular AudioTron until December 1920, at
which time he introduced the first
two tubes supplied by RCA using
ads such as the one published in
Pacific Radio News reproduced
here as Fig. 30.113 The two tubes he
introduced were initially described
in his first ads as the “AudioTron
Detector Type C-300” and the
“Type C-301 High Vacuum Amplifier,” a tube that he originally
planned to introduce under the
trade name Amplitron, but never
did. He did use the AudioTron
trade name once again in January
1921 with reference to these two
tubes, but after that he never again
used AudioTron in the context of a
trade name for his tubes.
Cunningham testified he
dropped the AudioTron name at
that time because DeForest successfully opposed his registration
of the AudioTron name as a trademark with the U. S. Patent and
Trademark office, and since the
name could not be protected, he

decided to change his designation
system. He subsequently referred
to his tubes as “Cunningham Type”
followed by the letter “C,” with or
without a dash, and a sequence of
numbers which was different for
each tube type. Cunningham’s numerical designations were similar
to, but not identical with, those
used by RCA. The Type C-300
was soon characterized simply as
a “Detector” and later as a “Gas
Content Detector,” while the C-301
was characterized as a “High Vacuum Amplifier,” a “Pliotron Type
Amplifier,” and later simply as an
“Amplifier.”
Events of 1921: Cunningham began the year advertising his tubes
in three major radio magazines,
QST, Radio News and Pacific Radio News, but halfway through the
year, ads in QST suddenly disappeared. The two radio magazines of
choice became Pacific Radio News
published on the Pacific Coast
(shortened to Radio in November)
and Gernsback’s Radio News published in New York. Every issue of
both magazines published in 1921
contained full-page multi-color
ads for Cunningham tubes on the
inside front cover.
Cunningham recalls that in
March or April of 1921, he requested that the GE monogram
be etched on the glass of the tubes
supplied by RCA. 114 He did not
explain why he suddenly decided
to add the GE monogram a few
short months after negotiating a
deal with RCA in which there were
to be no markings on the tubes
relating to either RCA or GE. Perhaps the RCA tubes made by GE
had become sufficiently popular
that he felt comfortable revealing
his source of tubes. Since he had
already stated in his December
1920 ad that his tubes were being
produced “by machinery in the
largest vacuum tube factory in the
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Fig. 30. Cunningham’s first ad for the C-300 detector and C-301 amplifier supplied by RCA appeared in December 1920 without any reference to either GE
or RCA. (QST, Dec. 1920, p. 101)

world,” there was no reason not to
name the factory.
RCA and GE agreed to add the
monogram, and the first ad with
a reference to GE manufacturing
tubes for Cunningham appeared

circa April 1921 boldly stated:
“GENERAL ELECTRIC QUALITY PLUS CUNNINGHAM SERVICE.”115 However, there was no
mention of RCA tubes or the relationship between Cunningham and
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RCA. The GE monogram appeared
in Cunningham’s ad beginning in
June 1921, although images of the
tubes with the GE monograms
etched into the glass did not begin
to appear until September 1921.116
While Cunningham never mentioned RCA, Radiotron tubes, or
the relationship between RCA and
Cunningham in any of his ads,
various explanations began to appear in radio supply catalogs such
as the William B. C. Duck Co. For
example, the following explanation
appeared as a footnote in the 3rd
edition of the 1921 version of this
catalog:117
“Note: It is only proper to
state that there is no difference in
the Cunningham and Radiotron
tubes excepting in name. They
are both made in the plant of the
General Electric Company under
the same patents and at the same
time and subject to the same exacting inspection. The two different
names represent the two exclusive
distributors.”
Nothing was said about the relationship between Cunningham
and RCA, or the fact that RCA was
actually the exclusive distributor
of tubes for GE, and Cunningham
was a distributor for RCA. It would
not be until 1924 when the Report
of the U. S. Federal Trade Commission on the Radio Industry
was published that the general
public would come to understand
the actual relationship between
the two organizations. The two
agreements between RCA and
Cunningham were reproduced as
appendices in this report, and the
relationship between the two was
explained in some detail in the text.
In 1921, Cunningham had introduced the first five tube types made
by GE specifically for his AudioTron Mfg. Co, which by September
1921 he characterized as the C-300
Gas Content Detector, the C-301

Pliotron Type Amplifier, the C-302
5 Watt Power Tube, the C-303 50
Watt Power Tube, and the C-304
250 Watt Power Tube (see Fig.
31).118 This ad was the one of the
first to picture Cunningham tubes
with the GE monogram etched
into the glass. Oddly, monograms
appeared on the three power tubes
but not the C-300 detector or
C-301 amplifier. They would appear on both of these tubes in his
ads by the end of the year, however.
In November of 1921, Cunningham announced that he was moving both Remler and the Audiotron
Sales Co. into the same facility. The
following announcement appeared
in the November issue of Electrical
Merchandising:119 “The Remler
Radio Manufacturing Company
and the Audiotron Sales Company of which ET Cunningham is
manager announce that they have
moved their offices and factory to
248-250 First Street, San Francisco, Cal. The new quarters afford
greatly enlarged manufacturing facilities as well as large light offices
and commodious salesrooms.”
Oddly, this announcement used
the old name, Audiotron Sales
Company, rather than the new
name, Audiotron Mfg. Co. A picture of the new facility appeared in
an ad in November 1921 with a sign
reading “Cunningham Vacuum
Tubes” rather than the legal name
of the company (see Fig. 32).120 As
an aside, Cunningham divested
himself of all interests in Remler
in 1922, presumably to focus his
efforts on the vacuum tube business.121
Since the broadcast era had
barely begun, Cunningham’s tube
sales for 1921 were principally to
radio amateurs and experimentalists, and just about at the number
he had expected. Cunningham testified that he sold a total of 26,000
tubes in 1921—approximately
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Fig. 31. This ad picturing the first five tubes offered by Cunningham was also
the first to picture Cunningham tubes with the GE monogram etched into the
glass. (Pacific Radio News, Sept. 1921, inside front cover)

1,000 more than the minimum
number called for in his agreement
with RCA, and 6,000-11,000 more
than the 15,000-20,000 tubular
AudioTrons Cunningham claimed
he sold in 1920.122

Events of 1922: The year 1922
was not a remarkable year for
Cunningham in terms of events
or introduction of new tubes, but
it was actually a very good year
in terms of sales, although that
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Fig. 32. Cunningham announced that his Remler Company and AudioTron
Sales Company moved their offices and factory into this building, which oddly
displayed a sign with the words “Cunningham Vacuum Tubes” rather than the
company name, AudioTron Sales Company. (Radio, Nov. 1921, inside front
cover)

could not be perceived from ads,
publications or other pronouncements reported in the press. His
ads for the Audiotron Mfg. Co.

throughout the year carried only
two of the tubes he introduced the
previous year (the C301 and C302),
and were generally repetitive in
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nature. Cunningham’s AudioTron
Company was rarely mentioned in
the press, apart from his ads.
Not chronicled was the fact
that his tube business was growing rapidly. He would triple his
tube sales in 1922, selling 75,000
tubes as compared to 26,000 in
1921—exceeding the upper limit of
60,000 tubes specified for 1922 in
the RCA–Cunningham agreement.
Private correspondence between
Cunningham and RCA revealed he
was preoccupied with “completely
reorganizing” his company during the spring, almost certainly in
anticipation of the growth in sales.
In December 1922, Cunningham
expanded his ad campaign by
placing full-page color ads on the
inside front cover of The Wireless Age, RCA’s radio publication,
in addition to those in Radio and
Radio News magazines. Ads appeared on the inside front cover
of The Wireless Age from December 1922 until August 1925, after
which its publication ceased.
Cunningham must have been
thinking about changing the name
of his company in late 1922 because in December of 1922, without fanfare, he quietly dropped the
byline at the bottom of the page
“Trading as Audiotron Mfg. Company,” leaving just the name “E. T.
Cunningham.” However, it would
not be until September 1923 that
“E. T. Cunningham, Inc.” would
appear, announcing to the world
that the company had been incorporated with a new name.
Events of 1923: Business was
booming at the Audiotron Mfg. Co.
as a result of the radio craze, which
began in earnest that year. Audiotron would sell over 1,000,000
tubes in 1923 as compared to approximately 75,000 tubes in 1922.
Cunningham decided to incorporate in April 1923 in California

under the name E. T. Cunningham,
Inc. with 2000 shares authorized
at a par value of $100 per share,
amounting to an authorized capitalization of $200,000. Only 1,000
shares were issued at $100, with
250 shares going to his attorney
W. K. White, 250 shares to H. G.
Prost (White’s partner in the law
firm of White, Prost & Evans), 250
shares to A. N. Cunningham (Cunningham’s wife) and 250 shares to
Cunningham himself.123
Cunningham introduced four
new tubes through his ads in
1923, the C-301-A in February,
a hard amplifier tube with a new
thoriated-tungsten filament drawing only ¼ ampere which replaced
the C-301; the C-299 in July, a
dry-battery detector and amplifier drawing 0.06 amp; and the
C-11 and C-12 in October. The latter two tubes were introduced by
Westinghouse in December 1921
and March 1923 respectively, and
sold by RCA shortly after introduction. There is no explanation
as to why Cunningham waited for
over a year-and-a-half after RCA
began selling the WD-11 Radiotron
version of the C-11 and over six
months after RCA began selling
the WD-12 Radiotron version of
the C-12 before he introduced these
two tubes.
The ads in which the C-11 and
C-12 first appeared (October 1923)
were also unusual because, unlike
the introduction of all Cunningham tubes in previous ads, the C-11
and C-12 were introduced without
fanfare or an image of either tube.
Instead, the two tubes appeared in
small print with a list of the other
tubes in the Cunningham line at
the time—almost as if Cunningham
did not want these tubes to be noticed by the reader.
Cunningham’s ads gave the
impression that GE was manufacturing all of his tubes at the time
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Fig. 33. This Cunningham C-12 tube dating to 1923 with the barely-visible
Westinghouse “W” monogram provides evidence that Cunningham was selling
tubes manufactured by Westinghouse during the period when he was advertising that GE was manufacturing all his tubes. (Author’s collection)

he introduced the C-11 and C-12 in
October 1923, but some or all of the
C-12 tubes Cunningham advertised
beginning in October 1923 were
actually manufactured by Westinghouse. One such C-12 tube appears
in Fig. 33, which is etched with the
Westinghouse “W” within a circle
and the WE&MCo monogram in
the ellipse-like space just below the
“W.” The RCA monogram, while
not visible in this photograph, is
etched on the opposite side—even
though RCA had agreed that there
would be no RCA marks on Cunningham tubes. This C-12 tube
can be dated to 1923 because the
UV-12 and C-12 tubes were first
introduced by Westinghouse in
March of 1923, and according to
Westinghouse documents, the
specific licensing agreement used
on the base of this tube was discontinued by Westinghouse after
December 1923.
Perhaps there were no pictures

of these two tubes in Cunningham
ads because he did not want to
raise questions by showing a tube
with a Westinghouse monogram
while his ads featured only the GE
name and monograms on tubes.
The first Cunningham ads actually picturing C-11 and C-12 tubes
such as the one shown in Fig. 34
appeared in April of 1924 with
GE monograms, coinciding with
the time frame that Cunningham
received delivery of both C-11 and
C-12 tubes manufactured by GE.124
Events of 1924-5: For many
years, Cunningham’s tubes had
ranged in price from $5.50 to
$6.50, but by the end of 1924, tube
prices for all Cunningham and RCA
tubes were reduced to $4.50. By
the end of 1925 they would plummet to $2.50 each, undoubtedly
due to the increased competition as
a result of the expiration of the last
relevant DeForest audion patent
at the beginning of 1925. On the
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Fig. 34. The first Cunningham ads actually picturing C-11 and C-12 tubes with
GE monograms appeared in April of 1924, coinciding with the time that Cunningham began to receive delivery of both the C-11 and C-12 tubes manufactured
by GE. (Radio, April 1924, inside front cover)

brighter side, Cunningham’s tube
sales increased from one million
tubes in 1923 to 2.1 million tubes
in 1924, and to 6.5 million tubes
in 1925. Part of this increase was

almost certainly due to the reduction in price.
Cunningham’s sales agreement
with RCA was to expire on Feb. 18,
1925, coinciding with the expira-
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tion of the second relevant DeForest audion patent. Apparently,
both parties felt the agreement
was mutually beneficial because a
new agreement dated May 19, 1924
was drawn up which cancelled the
original agreement dated June 15,
1920 and spelled out the terms for
continuing. Specific terms of this
agreement have not been chronicled, but since it was business
as usual after the date of the new
agreement, one can only assume
that there were no major changes
in terms other than the extension
of the expiration date.125
On Nov. 6, 1925, Cunningham
entered into a purchase contract
with RCA in which he agreed to
sell 55% of the stock of his company to RCA immediately, and
granted RCA an option to purchase
the remaining stock after May
31, 1929. The stockholders of E.
T. Cunningham also had a “put”
option running continuously, as
Cunningham explained in his
testimony: “Those stockholders
have the right at any time during
the period from January 2, 1926 to
May 31, 1929, to require the Radio
Corporation to buy their stock on
a certain basis, and to require the
Radio Corporation of America to
purchase their stock on a different
basis on and after May 31, 1929.” 126
Cunningham in his FTC Hearing testimony did not reveal the
explicit purchase price in the
contract, but the price for the first
tranche of 55% can be inferred
indirectly because the stock was
valued in the process of the reincorporation of E. T. Cunningham,
Inc. in Delaware, which occurred at
the time the purchase contract was
signed. Cunningham testified there
were 25,000 shares that were valued at $60 per share, for a total of
$1.5M. Compare this valuation at
the end of 1925 with the mid-1923
valuation of $200,000. The ratio

of the valuations is approximately
equal to the ratio of the number of
tubes sold in the respective years.
The contract specified that $1M
would be added to the purchase
price for good will for a total of
$2.5M, so the purchase price for
the 55% tranche (13,750 shares)
in 1925 would have been approximately $1.375M—roughly equivalent to $18M today. The transfer of
55% of Cunningham’s stock to RCA
occurred on Feb. 6, 1926.127
One other event worthy of note
in 1925 was the standardization of
manufacturing by RCA in which
all radio equipment made by GE
and Westinghouse for RCA, including tubes, was manufactured
by both companies to the same
drawings and specifications, and
subsequently purchased by RCA
in the ratio of 60% from GE and
40% from Westinghouse. Standardization did not greatly impact
Cunningham except that the tubes
he was to sell from this point on
were to be manufactured by both
GE and Westinghouse. However,
rather than including Westinghouse as a manufacturer in his ads,
Cunningham elected to drop all
references to GE in ads beginning
in February 1925. It would appear
that Cunningham never did identify Westinghouse as a manufacturer in any of his ads throughout
his entire tenure as President of
his company.
A new standard for labeling
tubes was developed circa March
1925 in which a slightly different
style of marking or code was assigned to each of the five facilities
manufacturing tubes for RCA (see
Table 5).128 This coding allowed for
rapid identification of the facility
producing tubes that otherwise
had an identical appearance. Codes
assigned to UV-201-A and UV-199
tubes for GE’s Cleveland and Harrison plant are shown in the first
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Table 5. Radiotron base code markings from
GE Engineering Instruction Sheet dated 3-2525.

two rows, while corresponding
codes assigned to Westinghouse’s
Newark, Bloomfield, and E. Pittsburgh are shown in the last three
rows. A different placement of the
dashes in each tube designation
combined with a solid or broken
line appearing below the tube
designation differentiated the
tubes manufactured by each facility. Designations using this coding
scheme appeared in the Bakelite
base of tubes beginning in 1925.
Additional codes were generated
for new tube types as they were
introduced.
While the codes shown in this
table address Radiotrons sold by
RCA, presumably the same codes
were also used for Cunningham
tubes. The first Cunningham ads
with Bakelite bases such as the
one shown in Fig. 35 began to
appear in May 1925 picturing the
C-301-A and the C 299 (without a
dash).129 According to the codes in
Table 5, the C-301-A shown in the
ad would have been manufactured
by GE’s Nela Park, Cleveland plant,
while the C 299 would have been
manufactured by GE’s Harrison,
NJ plant.
Events of 1926-1930: The years

1926 to 1929
were relatively
uneventful for E.
T. Cunningham
Inc. He continued to grow the
company, selling 10,000,000
tubes with an
inventory of 15
different types in
1926130—the last
year for which
the number of
tubes sold by
Cunningham on
an annual basis
is available. Cunningham testified
that his net profit in 1926 on the
sale of ten million tubes was $1M,
equivalent to about $12M today.
In 1927, his inventory of tubes
increased by three to a total of
eighteen. By 1929, the company
was truly nationwide with five
territorial centers located in New
York, Chicago, San Francisco, Dallas, and Atlanta. An uncharacteristically large ad consisting of four
full pages appeared in the October
1929 issue of Radio with photographs of the Cunningham buildings at all five district centers accompanied by photographs of each
respective District Manager.131 The
ad stated that each district center
contained a fully equipped testing
center, a live sales staff, an expert
packing and shipping department
and a rapid replacement service.
In its Annual Report for 1930,
RCA stated that it exercised its
option to purchase the remaining
shares of Cunningham Inc., making it a wholly owned subsidiary of
RCA. The price RCA paid for the remaining 45% tranche of shares has
not been chronicled, but given the
steep growth rates Cunningham
had experienced since the sales
agreement was signed in 1925, the
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Fig. 35. The first Cunningham ads with Bakelite bases began to appear in June
1925 with images of the C-301-A and the C 299 (no dash) tubes. (Radio, May
1921, inside front cover)

value of the Company—and the
price RCA had agreed to pay for the
remaining Cunningham shares at a
later date—was undoubtedly much

higher by 1930.
In fifteen years, Elmer Cunningham had transformed his
company from a small struggling
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company in 1915, selling only one
type of vacuum tube that infringed
patents owned by Marconi and
DeForest, to a huge distributor
of vacuum tubes in 1930, rivaled
only by RCA itself. Cunningham
cashed out of his own company
and became a very rich man. He
remained President of the E. T.
Cunningham subsidiary, and embarked on a second career climbing
the corporate ladder within RCA.
Afterwords
On February 19, 1931, an article appeared in the New York
Herald Tribune announcing the
appointment of Cunningham as
the president of the RCA Radiotron
Company, Inc.:132
“Appointment of Elmer T.
Cunningham as president of RCA
Radiotron Company, Inc., tube
manufacturing subsidiary of the
Radio Corporation of America,
was announced last week by
David Sarnoff, chairman of the
company’s board of directors. At
the same time it was announced
that George K. Throckmorton,
former general manager of the
Cunningham company, will be
president of that company. T.W.
French, former president of the
Radiotron company, returns to
his former duties with the General
Electric Company in charge of
their incandescent lamp department. He was reported to be on
leave of absence from the latter
company. The changes take effect
immediately it was announced.”
Although Cunningham, Inc.
remained a separate subsidiary
of RCA, its sales organization was
integrated into that of RCA Radiotron. However, the Cunningham
brand had become so popular that
its name was retained and often
given equal billing with the Radiotron trade name on tubes, tube
cartons, and advertising material

Fig. 36. The Cunningham name became so well known that both the
Cunningham and Radiotron names
appeared on tubes and tube cartons
sold by RCA for many years after
Elmer Cunningham left the employ of
RCA. (G. Fathauer, Radio Tubes and
Boxes of the 1920’s, p. 30)

for years to come. An example of
the RCA and Cunningham names
appearing jointly on a C-01A tube
carton is illustrated in Fig. 36.133
There were those who thought
that the quality of Cunningham’s
tubes actually exceeded that of
RCA’s, and to a degree they were
correct. Cunningham employee
Edward W. Herold, who later
became an IRE Fellow, recalls the
following vignette about the quality of Cunningham’s tubes in his
book Focus on a Career:134
“Mr. Cunningham had origi-
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nally been a manufacturer and
decided to build up his new business by maintaining exceptional
quality of product. Although GE
and Westinghouse tested every
tube to rigid specifications in their
factories, to make doubly sure,
Cunningham decided to re-test
every tube and include a very
liberal replacement policy on customer returns. My job was to set
up test equipment in the Newark
warehouse and supervise a team
of girls who would re-test every
tube in the warehouse. The project
was successful and worthwhile,
because it was not uncommon to
find, in advance, many out-oflimit or defective tubes which, otherwise, would have been returned.
Cunningham tubes achieved a
deserved reputation for quality
over RCA, even though all were
made in the same factories.”
Cunningham served as President of Radiotron until December
of 1934, at which time RCA merged
RCA Radiotron and RCA Victor to
form the RCA Manufacturing Co.,
Inc., naming Elmer Cunningham
as its president. Cunningham held
this position until early April 1937,
at which time he resigned from
RCA.135 He remained on the board
of the manufacturing subsidiary,
and was also retained as “counsel
on production, sales and trade
relations.”
Elmer Cunningham’s third and
final career was as a lobbyist with
the National Association of Manufacturers (NAM), an organization
with a powerful voice for policies
that supported the agenda of U. S.
manufacturing companies. It was
obvious why RCA retained him
as counsel—namely, to help RCA
further its agenda with Congress
in its manufacturing endeavors.
Cunningham’s name appeared
from time to time in newspapers
reporting on his testimony in

front of various subcommittees of
congress. For example, an article
in 1938 reported that, as acting
chairman of the committee on government relations to industry for
the NAM, he was testifying before
congress on a bill that would have
required licensing of all companies
involved in interstate commerce.136
The photograph in Fig. 37, taken
circa 1938, shows a more mature
and distinguished Elmer Cunningham testifying in front of an

Fig. 37. Elmer Cunningham

unidentified committee.
Author’s Comments
This article would not be complete without commenting on one
prevailing view that Cunningham
had some “dirt” on RCA that he
used as his bargaining chip to
obtain a very favorable licensing
agreement from RCA. For example, here is what Alan Douglas
posted on Antique Radios.com in
December 2008:137
“Cunningham didn’t have a
leg to stand on, and should have
been out of business in a flash, but
somehow got RCA to agree to supply him with tubes at 20% below
cost to anyone else, marked with
his name and in boxes ready to
sell. Tyne would only say in print
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that ‘Cunningham must have been
in a unique bargaining position’.
He told me privately that he had
heard that Elmer had some dirt
on RCA officials and blackmailed
them. Jerry couldn’t confirm this
independently so did not print it….
No proof, but Cunningham had to
have had some sort of bargaining
chip.”
In the thousands of pages that I
have read—many in relevant documents from Tyne’s collection—I
have never seen anything but
positive references to the negotiations among Cunningham and
RCA/GE officials, and no hints
of anything untoward. However,
absence of proof is not the same as
proof of absence, and so one must
talk about probabilities instead of
absolutes.
To begin with, there is a very
logical explanation for the bargaining chip Cunningham held over
RCA, namely the “arrangement”
he had with DeForest, which would
have forestalled a suit by the Telephone Company and forced RCA
to go to a California court unsympathetic to RCA to retry the favorable decisions Judge Mayer made
in the New York court. RCA had
little chance of prevailing against
Cunningham for infringement of
the Fleming patent because Cunningham was selling his tube for
purposes of audio amplification
only. Worse yet, the California
court could have found that Cunningham’s tubes did not infringe
Fleming even when used as a regenerative detector or an oscillator.
Such a trial would have threatened
RCA’s monopoly with the vacuum
tube, which in turn would have
endangered RCA’s monopoly on
world-wide communication—its
primary business.
Furthermore, the agreement
was not really unfavorable to RCA
because the loss in revenue from

the extra 20% discount per tube
($0.50) given to Cunningham
was limited by the agreement to
280,000 tubes over a five-year period. Thus, the potential loss in revenue was limited to a total of only
$140,000. RCA’s legal fees alone
for a trial in a very distant California court could have approached
this amount. On the positive side,
RCA gained access to an existing
and proven retail distribution system—something RCA did not have
at the time—with a distributor that
guaranteed RCA the purchase of
a relatively large number of tubes
on an annual basis over the life of
the agreement. The agreement was
also highly favorable to GE—the
majority shareholder and ultimate
decision maker—because it stood
to make more money by selling
more tubes with both RCA and
Cunningham distributing their
product, and even better, GE was
not the one giving Cunningham
the 20% discount. Last but not
least, RCA was in the business of
worldwide transmission of messages for toll in 1920—not selling
vacuum tubes to amateurs and
experimentalists (broadcast radio
was nonexistent). RCA’s primary
interest in vacuum tubes was to use
them in their worldwide communication network and deny them to
its competitors.
Further, and the point of this
section is that there are three good
reasons why the “dirt option” is so
unlikely. First, according to papers
in the Tyne collection, the negotiations with Cunningham were carried out at the highest levels within
RCA (General Manager David
Sarnoff) and GE (V.P. Albert Davis), generally with their respective
attorneys present. Surely V.P. Davis would have been aware of any
attempt by Cunningham to play a
“dirt chip” by blackmailing RCA
officers, directors or managers—
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who, after all, had been appointed
only a few months before—and it
is highly unlikely that GE officers,
directors or attorneys would have
approved it.
Second, RCA management
treated Cunningham very well
throughout his relationship with
RCA, first as a distributor and
then as an employee. RCA allowed
him to purchase millions of tubes
above the maximum specified in
his agreement, and they ultimately
purchased his company for millions of dollars, making Cunningham a very rich man. He then had
an illustrious seven-year career
with RCA, first as president of the
E. T. Cunningham subsidiary for
the remainder of 1930 after its sale
to RCA, then as president of the
RCA Radiotron Company, Inc. in
early 1931, and finally as president
of RCA Manufacturing Co., Inc. in
late 1934. Even after retiring in
1937, he was retained by RCA as a
consultant. Sarnoff, who became
president of RCA in early 1930
was known for being harsh to his
enemies, and it is unlikely that he
would have treated Cunningham
so well as an RCA employee had
Cunningham played a “dirt chip.”
Last, but not least, Cunningham
and Sarnoff were not only close
business associates, but they and
their wives were often seen together at social events, and their
names often appeared together
in the society columns of New
York newspapers. For example,
consider this snippet from The
New York Times in 1936: “Gerard
Swope [President of GE] was the
guest of honor last night at a dinner in the Colonial Room of the
Homestead given by Mr. and Mrs.
Sarnoff. Other guests were Mrs. I.
G. Swope, Charles Wilson and Mr.
and Mrs. E. T. Cunningham.”138 It
is highly improbable that Sarnoff
would have forgiven Cunningham

for playing a “dirt chip” to the point
where he and his wife would have
socialized with the Cunninghams
so often outside of work.
A Note of Thanks: I would like
to thank Joe Knight for his efforts
in helping to locate and supply articles and ads in early magazines,
and for supplying documents
and images from his collection of
documents and tubes. I cannot
thank Jerry Vanicek enough for
providing numerous documents,
encouragement, and sage advice
throughout this project.
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She went to a freezing North Atlantic
grave a hundred years ago, April 15, 1912, having slit her hull open on an iceberg she couldn’t
avoid. Her story resonates across time: loss of
life, criminal arrogance, heroic wireless operators, and her band playing on a sinking deck,
serenading the survivors, the dying and the dead
as they themselves faced their own cold wet
demise. The S.S. Titanic is the ship of legend.1
The dedication to duty of the Marconi wireless operators, Jack Phillips and Harold Bride,
is both documented and itself legendary.2 Phillips stuck to his key even after Captain Edward
Smith relieved him and Bride of duty as the ship
sank. Phillips’ SOS and CQD signals brought the
rescue ships, in particular the S.S. Carpathia.
Phillips died of exposure in a lifeboat; Bride
survived.3
This note will present some of the Marconi
wireless messages of April 14. Any kind of work
under stress is challenging. In particular stress
degrades communications, even when effective
communications can mean life or death. Art
Botterel4 once summed it up: “Stress makes you
stupid.” The only protection is training. As he
has also famously said: “In a time of disaster,
you will not rise to the occasion, you will sink
to your level of training.”
In 1912 on the North Atlantic, Marconi
ruled the ether. Marconi operators manned
each English ship’s wireless room. Relays and
inter-ship communications were the order of
the day. Messages enjoyed precedence, from
“routine” on up. After distress (CQD/SOS), a
message for a vessel’s master had the highest
priority, so much so that by protocol it had to
be acknowledged by the master. A message for
a ship’s captain got a prefix of “MSG.”
At 7:50 PM the S.S. Mesaba, to the West of
the Titanic, sent a warning specifically to the
Titanic:
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“In lat 42N to 41.25N long
49W to long 50.30W saw much
The Mesaba operator sent this
heavy pack ice and great number message not with the prefix MSG
of large icebergs also field ice. but with a prefix “Ice report.” It
Weather good, clear.”
never got to Captain Smith. Phil-

Figure 1, Mesaba Marconi “Service Form” record sheet for the message.5
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lips received but did not send it to
the bridge. He was overwhelmed
by routine passenger messages
outward to Cape Race station in
Newfoundland.6
Phillips, dying of hypothermia
in a lifeboat early in the morning of
April 15, told the Titanic’s Second
Officer that he had the Mesaba
message at his elbow under a paperweight in the midst of the rush
to send the delayed passenger traffic to Cape Race.7
Of course, in perfect hindsight,
the Mesaba operator erred in not
assigning a MSG priority to the
message. Secondly, Phillips erred
in failing to heed the substance of
the message, and thus failing to
alert the Captain. But the fundamental error was that of the White
Star Line, the Titanic’s corporate
master: pandering to the vanity
of First Class passengers wanting
the prestige of having sent a “wireless” -- a Marconigram -- from the
world’s premier steamship, at the
risk of the safety of the ship.

The 6:22 PM Marconigram from
Charles Norris to a relative shows the
nature of the messages that distracted
Phillips:
“Arrive Wednesday Titanic
Sent Marconigram Hope you are
fine…”
Other steamers also sent the Titanic
ice warnings. At 7:10 AM on April 14,
the S.S. Caronia, with the high priority
prefix MSG, transmitted:
To: Captain Titanic Westbound steamers report bergs
growlers and field-ice 42 N from
49 to 51 West April 12th”
At 5:35 PM, the Caronia sent another message to Captain Smith, but a
private one:
“To: Commander Titanic All
best wishes success much love
George and Kate Riggs”
This message (figure 4) was
marked MSG. That indication is

Figure 2, Received by Canadian Marconi at Cape Race, Newfoundland.
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Figure 3, the Caronia’s message number 1/1, likely the first of the day. From
this and other ice warnings, Captain Smith had notice of the risk. But the White
Star Line wanted a fast crossing, perhaps a record.

Figure 4. Private message from the Caronia to “Commander Titanic”.
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crossed out on the Caronia’s record copy but there is no way to
know if the prefix went out with
the message. This sort of incoming
message also distracts from attention to possibly more important
traffic and degrades situational
awareness, both on the wireless
operator’s part and that of the
Captain.
Late in the evening of April 14,
the nearby S.S. California also
tried to send an ice warning, but
like the Mesaba’s, it was not prefixed with MSG for Captain Smith’s
attention. Phillips, working hard
to get delayed passenger traffic
out to Cape Race, cut it off: “Keep
out, I’m working Cape Race.”8 So
the single wireless operator on the
California, after a long day, shut
down and went to sleep.
One can only speculate as to
whether the Mesaba’s message,
or the California’s message, had
either reached Captain Smith,
would have slowed him down.
With more confidence, however,

albeit in hindsight, one can say that
ice warnings should have been prefixed MSG. The Marconi company
should have trained its operators to
do so. With even more confidence
one can say it was a failure on the
Marconi company’s part, as of
1912, not to train it operators to
rate life-safety outbound traffic,
however designated, above routine
messages. Similarly, one can say
that the Marconi company failed to
train at least some of its operators
to think life-safety in evaluating incoming traffic, whatever its prefix. 9
With complete confidence, one
can say that the Marconi company
and the White Star Line bear the
blame for overwhelming the second most important man on the
ship that night, the Marconi wireless operator on duty, with a flood
of the routine in which not even
icebergs were noticed.
See Figure 5 for an image of
the first CQD-SOS message Phillips sent out a few hours later, just
before midnight, as copied on the

Figure 5. CQD sent from the Titanic at 11:55 and copied on the Birma.
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S.S. Birma.10
Endnotes
1

2

3

4

5

The best recent explanation of
the Titanic disaster is: Unseen
Titanic in National Geographic,
April 2012 at page 78 and cover
(“Titanic What Really Happened”),
including Hampton Sides, “The
lights are finally on” at page 86,
“Titanic The Crash Scene” at
page 99, and James Cameron,
“Ghostwalking in Titanic” at page
100. Cameron reports: “We
even imaged the transformer they
[Phillips and Bride] had repaired
just the night before the sinking.
Acting against guidelines, the two
wireless geeks managed to restore
the set to full power – an act that
may have saved 712 lives, since
without this power they might
not have reached the rescue ship
Carpathia with their historic
SOS.” (Page 109). Cameron also
saw that “the wireless apparatus
survives” and that the positions of
the knife switches revealed that the
operators had cut the power as they
left the flooding radio room.
See Richard Patton, Commander,
USCGR (Ret.), Radio’s Role in
the Titanic Disaster, QST, April
2012, page 30. See also the Titanic
website: www.rf.ro that displays
excellent graphics and summarizes
much of the story of related wireless
operations. (The URL is a pun, RF
being Radio Frequency and RO
being Radio Operator).
Survivors of the trauma of the
Titanic’s sinking have fascinated
the public. See, e.g., Andrew
Wilson, Shadow of the Titanic,
Smithsonian, March 2012 at page
32, featuring a striking image of the
slowly sinking ship, a painting by
Robert G. Lloyd.
www.incident.com. Mr. Botterel
has recently suggested that 500
KHz, the old marine distress and
calling frequency at 600 meters,
would be ideal for a ground-wave,
state –of –the –art high technology
global warning system.
The images of the several

6

7
8

9

10

wireless messages derive from
the Titanic Signals Archive
Collection, Westbury, Wiltshire
(UK), reproduced as postcards by
Marine Art Posters (Hull, UK) in
its Series 8. This one is number
6 of 16. The Norris message
is number 3. The Caronia ice
warning “MSG” is number 4 and
the Caronia personal message to
the Titanic’s master is number 2. I
obtained these cards at the Titanic
Museum in Cobh, Ireland (near
Cork), which as “Queenstown”
before Irish independence, was
the Titanic’s last port of call before
its first and last North Atlantic
voyage. The Posters company has
not responded to an inquiry about
further availability.
One of the most perceptive
analyses of the wireless operations
that night is that of David Barlow,
G3PLE, (the Curator of the Lizard
Point, Cornwall, U.K. Marconi
Wireless station) in an excerpt
from in his book: SOS – A Titanic
Misconception. The excerpt,
Wireless Communications and
the Titanic Disaster, appears
in the Poldhu Amateur Radio
Club GB2GM Newsletter, March
2012 at page 7. He notes that the
Titanic received at least seven ice
warnings. He reproduces the CQD
– SOS message from the Titanic
copied by the S.S. Birma just
before midnight (figure 5 here).
Patton, above, at p. 31.
See the Titanic website: www.rf.ro.
See also David Barlow, above:
“Keep out” was not rude, just a
shorthand expression by a harried
operator.
The wireless operator on the
Carpathia, Harold Cottam, took
the Titanic’s CQD-SOS message to
the watch officers, who proposed
to ignore it, so he broke protocol
and personally awoke the Captain,
Arthur Rostron, who sped his ship
to the Titanic despite the ice. See
John Dilks, K2TQN, An Operator
to Remember, QST (Vintage Radio
column), April 2012, page 93.
From Barlow, above, p. 1.
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AWA Review The Rise and Decline of
the Cathode Ray Tube
Rebuilding Industry
ABSTRACT
With the post-WWII
introduction of consumer television receivers,
it was logical that repair
would extend to the “big
ticket” cathode ray tubes
and this business began
in the early 1950s. CRT
rebuilding grew into a
multi-million dollar industry, reaching its peak
in the 1980s/1990s. A
gradual decline followed
as disposable, rather
than repairable, consumer items appeared.
As this decline steepened, many CRT rebuilders were forced to close
their doors. During the
past decade this situation
was further exacerbated
by the move to highdefinition flat screen
displays. Consumer acceptance of these new
technologies spelled the
demise of both cathode
ray tube-based television receivers and the
need for CRT rebuilding
services. The last U.S.
business providing rebuilding services for consumer products ceased
operation in 2010. This
paper provides historical
information about the
cathode ray tube business, as well as describe
sin detail the operations
involved in rebuilding
CRTs.

2012 James E. O’Neal

The repair and rebuilding of consumer items
in America has been a long standing tradition.
Historically, it has its roots in the refurbishment of such consumer goods as pots and
pans by itinerant “tinkers,” or the reworking
of wagon wheels by village blacksmiths. The
service lifetime of many consumer items could
be extended considerably by the actions of such
skilled individuals. The arrival in the early 19th
century of the practice of manufacturing items
with interchangeable parts created an even
more favorable environment for extending the
life of consumer products. In time, businesses
appeared that specialized in refurbishing damaged or worn-out components removed from
such products. Owners were quick to realize that
the cost of replacing damaged or worn-out parts
with reconditioned or remanufactured units
was usually much less than the installation of a
completely new unit, and that if the component
part were properly remanufactured, the item
that was refitted for service could be “just as
good as new.”
As society moved into the Machine Age,
the practice of refurbishment and rebuilding
became more and more widespread, quickly
spreading to such complex items as automobile
engines, transmissions, brake components,
and electrical items such as starter motors and
generators.
With electricity entering the home, rebuilding practices even extended to light bulbs, due
to their high manufacturing costs at the time of
their introduction.
With the enormous consumer interest and
acceptance of radio in the 1920s, the practice
of rebuilding inevitably spread to this sector
too. Radio magazines frequently carried advertisements for rebuilding services for speakers,
transformers, and even vacuum tubes (Fig. 1).
Again, monetary savings proved a great
incentive for consumers to take advantage of
such services in order to keep their radio receivVolume 25, 2012 259
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Fig. 1. By the mid-1920s, numerous companies offered radio tube rebuilding
services. They were followed some three decades later by those offering remanufactured cathode ray tubes.

ers operational without the heavy
outlay of cash. Similar to the radio
boom of the early 1920s, television
began to sweep the land shortly
after the end of World War II in
1945. By the early 1950s, millions of
consumer television receivers had
been sold and the oldest of these
were beginning to fail, creating a
boom period for the radio repair
sector, which had been forced to
re-educate itself in order to take
on television. Historically, the
picture tube has been the single
most-expensive item in any pre-flat
screen television set, accounting
for some 50 percent of the overall
cost of the device.1 When picture
tube failure did occur it could prove
to be an economic blow to many
households. In an effort to drive
repair costs down (and also to create new businesses and sources of
revenue), the rebuilding sector rapidly followed the television boom
and extended itself into the area of
cathode ray tubes.
Modern picture tubes generally
had a service lifetime that could be
measured in thousands of hours, or
more; however, early tubes generally didn’t last as long. The first
wave of post-war television picture
tubes must have started to dim out,
or otherwise fail, in large numbers
around the end of 1951 or early
1952, as electronics magazines
began then to carry numerous ads
for such replacement tubes, as well
as for items such as picture tube

“brighteners” and “rejuvenators.”
Beginnings of an
Industry
It has not been determined
with certainty (and probably never
will be) who was first to offer remanufactured cathode ray tubes
for sale in the United States, but
clues in magazine ads from this
same period (1951-1952) do tend to
confirm that rebuilding was taking
place then, possibly by more than
one player. All evidence examined
tends to place these earliest commercial CRT remanufacturing
operations in the metropolitan
New York City area, the first U.S.
“market” with regularly scheduled
television broadcast offerings
(1939). As the 1940s ended, New
York had become something of
a television “Mecca,” with half a
dozen stations on the air and four
television networks headquartered
there. A correspondingly large concentration of television receivers
also existed within range of NYC
transmitters at that time.
One bit of evidence of the emergence of rebuilt tubes is observed
in pricing structures. In shopping
replacement ads in the September
1951 “Radio-Electronics” magazine
for a fairly common tube then, the
16DP4, was being offered by New
York City radio-television suppliers at prices ranging from $26.00
(Stan-Burn) to $32.97 (Brook’s Radio and TV Corp.). These prices are
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in contrast to the $38.20 wholesale
price tag for a Raytheon 16DP4A
in the 1951 Allied Radio Corp.
catalog. (This put the Stan-Burn
tube at a full 32 percent less than
Allied’s price.) It should be noted
too that the manufacturers of these
replacement CRTs were usually not
always listed in magazine ads of
those companies offering replacement tubes.
Allied stated that its tubes were
manufactured by DuMont, the Radio Corporation of America, Rauland, Raytheon, Sylvania, North
American Philips, Sheldon Electric,
and Reeves Soundcraft. (It should
be noted that Allied offered only
one “grade” of CRT in its listings,
and also that none of the magazine
ads examined from other suppliers
of this period directly indicate that
the CRTs being offered for sale
were other than first quality or
otherwise constructed with other
than all-new components.)
A very good clue that CRT remanufacturing was established by
at least 1952 is found in an ad from
Transvision Inc. 2 The company
was located in New Rochelle, N.Y.,
a northern suburb of New York
City, and offered an assortment of
television products including test
equipment, receivers and cathode
ray tubes. The referenced ad shows
two CRT price structures—with
and without a “glass allowance.”
(Depending on tube size, the glass
allowances ranged from $2.50 to
$5.00.) Even though the company
did provide a fairly comprehensive line of television supplies and
equipment, Transvision most likely
did not reprocess tubes, but rather
marketed products from a thirdparty. An earlier Transvision ad
that year3 stated that their CRTs
came “direct from the factory,”
implying that a third party was
actually doing the manufacturing.
As with other NYC dealers adver-

tising CRTs in trade magazines
then, Transvision’s ads provide no
direct information as to whether
or not tubes offered were new or
rebuilt. Reinforcing this third party
conjecture was the discovery of a
contemporary ad4 for a company
offering rather complete rebuilding services and located close geo-

Fig. 2. This 1952 magazine ad may
have been the first time cathode ray
tube rebuilding services were advertised. The company’s location, Dobbs
Ferry, N.Y., was in Westchester
County, a New York City suburb with a
large and growing number of television
receivers. Curiously, the ad does not
explicitly state that Vactron actually did
the tube remanufacturing.
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graphically to Transvision. It operated as “Vactron” and was located
in Dobbs Ferry, N.Y., only about 10
miles from Transvision. Adding a
bit more mystery and uncertainty
to this scenario, the ad does not
directly state that Vactron was
actually performing the rebuilding itself or that the tubes were
rebuilt at its Dobbs Ferry location
(Fig. 2). (It is possible that Vactron
operated as an intermediary for yet
another company.)
With this as background, it is
probably safe to state also that
none of the larger manufacturers
of new cathode ray tubes offered
rebuilt products, as doubtless they
were focused then on developing
and marketing first-line “all new”
products. (As noted elsewhere in
this paper, more than a decade
passed during the post-war era
before RCA added rebuilt CRTs to
its television product line.)
As previously stated, only a few
of the magazine ads then identified
the source of replacement CRTs being offered for sale. The few names
that did surface (such as Zetka
and TRL) are not exactly those of
well-known companies, leading to
speculation that these may have
been rebuilding operations rather
than sources of new tubes. Adding
to the overall confusion are ads
which list tubes from somewhat
better known companies (DuMont
and Sheldon) at prices lower than
comparable tubes in the Allied
catalog. It is possible that some
of these lower priced tubes may
have been rebranded “seconds,”
as opposed to rebuilt tubes. (For
purposes of reference, “mainline”
cathode ray tube manufacturers
of the period, in addition to those
previously mentioned, and as
listed in the 1952 IRE manufacturers directory, included Admiral,
General Electric, Hytron, Philco,
Westinghouse, National Union,

National Video, and Tung-Sol.)
Another, slightly-less-thanmainline, CRT manufacturer during this period was Arcturus Electronics. It is mentioned, as definite
links to early-1950s commercial
cathode ray tube rebuilding operations can be established through it.
The company initially began the
manufacture of consumer receiving tubes in the 1920s, but ceased
receiving tube operations prior
to WWII. Apparently sensing a
post-war demand for cathode ray
tube products, Arcturus set up a
production line and was selling
new CRTs by the early 1950s. According to research conducted by
Ludwell Sibley, the company was
never a major player in this field
and went bankrupt in mid-1954
after its picture tube rebuilding
operation failed due to poor sales.5
Thus, from all indications, at
least by the mid-1950s the practice
of CRT rebuilding had become
commonplace and was viewed
as yet another potential revenue
stream for smaller companies, and
even individuals who possessed an
interest in the process along with
the necessary skills. (A parallel to
such mastery of “high-tech” industrial processes was seen when
neon signage was introduced early
in the twentieth century. As soon
as it was realized that there was
nothing really “magic” about fabricating (and repairing) luminous
tubes, that art was soon taken up
by “restaurateurs, jewelers, clothing manufacturers, and tradesmen
of all sorts…” 6)
This is borne out by an example
of a very unsophisticated picture tube rebuilding plant which
opened in the author’s small home
town (population approximately
8,000) in the late 1950s. It was
operated as part of an “appliance
fix-it” facility with services that ran
the gamut from lawnmower and
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Fig. 3. This simple equipment package sufficed to launch small-scale
CRT remanufacturing operations. It
consists basically of two workstations:
a vertical lathe unit for sealing on new
neck glass and electron guns (right),
and a processing station for baking
(outgassing) the regunned tubes (left).
The oven is on top, with RF heater and
vacuum pumps directly below.

power tool servicing, to refrigeration maintenance (including home
and automobile air conditioning
repair), and radio and TV servicing. The business owner operated
a CRT remanufacturing operation
in a space at the rear of the building
where gasoline-powered equipment repair was also performed.
According to a former employee,
the owner constructed the majority
of the cathode ray tube reprocessing equipment himself from sheet
metal and refrigerator parts (Fig.
3.).
The shop did a brisk business in
rebuilding CRTs, not only for replacement in the television receivers being serviced by that shop, but
also in refurbishing tubes brought
in by other service shops located in
that part of the state. The author
recalls as a youth seeing customers (television repairmen from
neighboring small towns) arriving
on Saturday mornings in pickup
trucks with beds completely filled
with CRTs slated for rebuilding.
A much larger and longer lived

rebuilding operation, and the
one that forms the basis for this
article, was begun in 1958 in Des
Moines, Iowa, by Frank Avitt who
had started his electronics career
as a television serviceman. Avitt’s
Hawk-Eye Picture Tube Manufacturing Company was operated as a
family run business throughout its
52-year lifespan. Avitt’s son, Scott,
who operated Hawk-Eye until its
closing in 2010 recalled that his
father made the decision to enter
the CRT rebuilding trade after attending a Chicago seminar on the
topic that was hosted by a company
selling CRT rebuilding equipment.
The purpose of the seminar was to
make television servicemen aware
of the profits that could be realized
by rebuilding tubes for use in their
own repair businesses (Fig. 4).7
These early rebuilding operations were joined by many others
during that decade and the next.
In addition to relatively smallscale operations, several large U.S.
CRT rebuilding businesses were
also established during the 1950s
to keep pace with the demand for
replacement tubes. Also during
this period, a number of specialty
companies were established to
provide equipment and supplies
to this rapidly growing enterprise.
These included manufacturers of
glass-working lathes, “bakeout”
ovens, electron gun assemblies,
conductive coatings, bases, special
cements, shipping cartons, labeling supplies, and more.
(Interestingly, by the time that
the CRT rebuilding industry had
firmly established its position in
the U.S. marketplace, a “standardization” of sorts in picture
tube screen sizes had taken place.
Beginning in the 1950s, 17-inch
and 21-inch tubes dominated
the television receiver market.
These sizes broke away from the
“standard” 10-inch and 12.5-inch
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electromagnetically-deflected
CRT sets produced early in the
post-war television boom period.
The picture sizes were driven in
large part by bulb manufacturing
technology developments at the
Corning Glass Works, supplier of
the overwhelming majority of tube
blanks for CRT manufacturers.
Another breakthrough came in
1960, with Corning’s development
of 19- and 23-inch blanks.8 This
supplier-driven standardization
made life easier for the rebuilder
in terms of supply inventories and
processing equipment sizing.)
A registry of known of cathode
ray tube rebuilders has not been
located, and apparently there was
no trade association for this sector
either, so the exact number of U.S.
rebuilders will perhaps never be
known with certainty. (It appears
that the U.S. Department of Labor
also seems to have ignored the
trade, as a check with personnel
at the Bureau of Labor Statistics
did not produce an entry for cathode ray or picture tube rebuilding. However it is probably safe
to assume that most states were
home to multiple CRT rebuilding

businesses. (Avitt suspects that at
one time his competitors—both
large and small— numbered in the
hundreds.)
Continuing Growth and
Competition
As the incursion of television
into homes increased, the picture
tube replacement grew accordingly, creating a highly competitive marketplace and forcing large
companies that had once marketed
only all-new cathode ray tubes to
reconsider their business practices.
One of these, RCA, was perhaps the
biggest name in replacement CRTs
for television (based, at least, on
the amount of advertising the company placed in both consumer- and
service trade-oriented magazines).
That company long touted their
“Silverama” line as the absolute
“best” replacement cathode ray
tube. However, as the 1950s ended,
even RCA was finally forced into
adding rebuilt CRTs to its product
offerings to maintain a competitive
place in the market. The rebuilt
tubes were identified initially as
products within the “Monogram”

Fig. 4. The former Hawk-Eye Picture Tube Manufacturing operation was located
in this 5,500 square foot building in downtown Des Moines, Iowa.
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line, with ads billing them as
“second only to Silverama.” The
company began then to push the
Silverama tubes, which was constructed with all new components,
as “premium,” marketing them to
“those customers who demand the
very best.” 9 (The warranty on both
CRT brands was identical—one
year.) (see Fig. 5)
Later, when color television
receivers began to enter the American home in large numbers in the
late 1960s, these Silverama and
Monogram lines evolved into the
“Hi-Lite” (all new) and “Colorama”
(rebuilt) products. As an example
of cost differential between the two
products, the Colorama version of
the popular (at the time) 21GUP22
was priced wholesale at $84.28 vs.
$104.61 for the Hi-Lite tube.10 This
amounted to a 20 percent cost differential for the serviceman. His
customers could probably expect
to see a markup of some 35 percent
over wholesale, or $114 vs. $141.
Clearly there was an incentive to
purchase rebuilt CRTs, especially
if the warranty period for the two
products was identical.
An even more striking example
of this differential was discovered
in the late 1960s, during the latter
part of the author’s college career. “First-generation” color sets
(those with 21-inch round CRTs
such as the 21FBP22) began to be
traded in then on newer models
with rectangular tubes, and these
older receivers could be obtained
for a relatively small price from
furniture stores and other outlets
that sold new receivers and took in
“trade-ins.” While in college, the
author refurbished one of the early
color sets for himself and several
others for friends. Typically, an
aging or failed CRT was the major
problem. As shown above, an allnew 21GUP22, which replaced the
21FBP22, sold for $104.61. Chan-

nel Master’s line of 21-inch round
rebuilt replacement tubes carried
by a local jobber were priced at
$39.95 (with the return of a rebuildable dud).
Even at this relatively low price,
the rebuilder’s profit margin was
considerable. In almost every
case, when a color CRT failed,
the electron gun assembly was at
fault. New tri-color gun assemblies
could be purchased from several
sources for only a few dollars. The
only other consumables involved
in rebuilding a cathode ray tube
were neck glass, conductive paint
(Aquadag coating) and a new base
if required (newer CRTs connected
to receiver circuitry via stiff leadthroughs sealed into the glass
base—the same type of connection
used in 7- and 9-pin miniature,
Compactron, and other vacuum
tubes). The cost of technical labor
needed for manual operations in
CRT rebuilding was also relatively
cheap, even in the United States.
CRT rebuilding opportunities
continued to be touted at least
into the early 1980s, with ads for
one equipment supplier—Lakeside
Industries—appearing regularly
in one trade-oriented magazine
(Fig. 6).11
Practical Aspects of
CRT Remanufacturing
The rebuilding process will be
described in detail later in this paper; however, briefly summarized,
it involves the following steps:
• thorough cleaning of CRT exterior surfaces, including removal
of conductive graphite coating
• measurement of the distance
between electron gun and screen,
and in the case of color CRTs, the
correct orientation of the three
guns
• relieving the CRT of its high
vacuum (“letting it down to air”)
in a controlled manner
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• removal of the worn-out electron gun assembly
• installation of a new section
of neck to allow mounting of a
replacement gun
• preparation of a new electron
gun assembly
• welding (sealing) the new gun

assembly to the tube envelope neck
glass
• evacuation of the regunned
tube while it is heated to a high
temperature to drive off occluded
gasses and water vapor
• heating of the metal portions
of the new gun to high heat via an

Fig. 5. Electronics giant RCA finally succumbed to pressure from competition
and began offering rebuilt CRTs in its “Monogram” line as seen in this 1958
magazine advertisement.
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RF heater during the evacuation
process
• sealing off the evacuated tube
from the vacuum system
• firing of getter assemblies attached to the new gun
• activation of the cathode
structure(s) in the new gun
• “spot knocking” to eliminate
any metallic debris or other undesired particles remaining within
tube
• rebasing, if required
• reapplication of external conductive graphite coating removed
earlier
These rebuilding operations
can easily be accomplished in a
matter of hours. (The Vactron ad
referenced above promised that
CRTs would be turned around in
two days, if the dud was accompanied with full payment to cover its
rebuilding.) Specially designed automated machinery was developed
to allow batch processing (bakeout,
evacuation, and sealoff) of groups
of regunned tubes, greatly increasing productivity.
(It should be noted that some
rebuilders even possessed the capability and tooling necessary for
repair of electron gun assemblies;
however, most elected to purchase

complete new gun assemblies from
companies specializing in this
area. Also, some rebuilders were
equipped to remove and replace
the phosphor screen material in
tubes they reprocessed. Such replacement was usually limited to
cases in which screens had suffered
ion burn damage or other “burnins” resulting either from sweep
circuitry failure or from long-term
scanning of static images, such as
might be encountered in security
system monitoring or airport information displays. Further, phosphor replacement was only offered
for monochrome CRTs, as the red,
blue, green phosphor dot triads
or stripes in color tubes could not
be economically be duplicated. As
relatively few rebuilders provided
electron gun repair or phosphor
screen replacement, those processes will not be described in this
paper.)
Skill Set
As with every industry, practitioners had to possess specialized skill sets. The cathode ray
tube rebuilding industry was no
exception. Areas of involvement
included:
• excellent eyesight and motor

Fig. 6. Magazine ads such as this one from Lakeside Industries enticed numerous individuals to enter the field of picture tube rebuilding.
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skills (required to reassemble/
align neck glass and electron gun
units with CRT bell units
• glassworking skills (required
to satisfactorily attach neck glass
extensions and seal in replacement
electron guns)
• ability to lift and carry 50
pounds or more
• an understanding of high
vacuum systems, including their
operation and maintenance
• an understanding of RF heating equipment operations
• mechanical ability along with
troubleshooting and repair skills
necessary to maintain a variety of
equipment, included automated
“bakeout” ovens and other processing equipment
• basic understanding of electrical circuitry and inherent dangers
involved in working with high voltage/high current electricity
• awareness of safety issues
involved in working with hightemperature glass, potentially
explosive gasses, safe handling
of potentially fragile large glass
structures, implosion potential
in evacuated CRTs, handling of
potentially poisonous chemicals
Specialized Equipment
Description
In any cathode ray tube fabrication or rebuilding operation, several pieces of specialized equipment
are necessary. While this does not
purport to be a complete listing
of all items that might have been
encountered in a CRT rebuilder’s
plant, it does include most major
and very specialized items. A fairly
detailed explanation of the nature
of some of these equipment pieces
is provided in cases where it may
be helpful in understanding the
technology employed or its place
in the overall rebuilding operation.
• Glass Lathe(s): In order to
precisely perform glass-to-glass fu-

sion (welding) operations early in
the CRT remanufacturing process,
a means for mounting, securely
holding in position, and rotating
of the reusable tube envelope,
replacement neck glass, and replacement electron gun assembly
is essential. This was accomplished
with one or more glassworking
lathes, depending on the rebuilder’s preference and the complexity
of the remanufacturing operation.
These specialized lathes allowed
the mounting and rotation of tube
components in a horizontal or
vertical plane, depending on their
design. They were sufficiently large
to accommodate commonly used
CRTs (generally up to 30-inches
as measured diagonally). Glassworking lathes used in the trade
were also specialized in that they
include a system of “flames” (multiple burner assemblies necessary
for heat the soft (soda-lime) glass
CRT neck components to melting
temperature (approximately 2,700
degrees F.) and generally fueled
either by natural gas or propane,
depending on local availability).
• Vacuum System(s): A wellmaintained system for developing
the high degree of vacuum necessary for processing regunned CRTs
was common to all rebuilding
operations. The order of vacuum
required for satisfactory operation
and long life of a remanufactured
tube is the same as that required
for most other electron tubes, approximately 10-6 Torr. (A Torr is
defined as the pressure exerted by
one millimeter of mercury. “Standard” atmospheric pressure is 760
millimeters; one Torr is 1/760
atmospheric pressure.)
Classically, such high vacuums were produced by cascading
two different types of pumps. A
mechanical “roughing” or “fore”
pump is used to develop a vacuum
of approximately 10-3 Torr. This
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pump is similar to a refrigeration
compressor in that it sweeps air
within a confined space or chamber
and relies on special oils with low
vapor pressures to achieve a partial
seal between moving and stationary parts. It may be either belt- or
direct-driven. In order to achieve
a reasonable pump-down time for
a typical CRT, such pump needed
to have a pumping capacity of five
cubic-feet-per-minute or more.
(The Welch 1402B pump with its
5.6 cubic-feet-per-minute rating
was used in many CRT rebuilding
operations. Similar pumps were
supplied by Cenco, Edwards, Leybold, and others.) Maintenance of
the pumps involved lubrication of
moving parts, cleaning, and changing of the special oil at regular
intervals to ensure proper vacuum
levels.
To produce a level of evacuation
suitable for electron tube manufacture/remanufacture, mechanical
pumps are connected to “diffusion”
pumps. These contain no moving
parts, relying instead on the heating and vaporization of a suitable
liquid (one possessing a number
of special properties, including
a relatively high density). This
pumping liquid is electrically heated until it boils or vaporizes, with
the vapor being directed though a
confined space containing a series
of nozzles. In the process of passing through the nozzles, it reaches
a very high speed and is able to
literally “sweep away” residual
amounts of gases not scavenged by
the mechanical pump to which it is
coupled. The “roughing” or “backing” pump is then able to remove
these entrapped gas molecules. In
addition to supplying a source of
heat necessary to boil or vaporize
the pumping liquid, provisions
must be made for condensing the
vapor so that it can be returned
to the heating chamber and “re-

cycled.” Typically this is done by
flowing water through coils on
the outer chamber of the diffusion
pump, or in some instances by the
use of radiating surfaces and fans.
At one time, mercury was the
liquid of choice for use in diffusion pumps; however, aside from
obvious health and safety issues,
residual mercury vapor had to
be prevented from reaching the
tube being evacuated. This was
accomplished by addition of a
“cold trap” which condensed the
mercury vapor prior to the connection point of the tube being
processed. Mercury was eventually
replaced by specialized silicone oils
or other compounds that produce
very low rates of “backstreaming”
and require no special trapping.
Such pumping agents are quite
expensive, but generally have a
long life unless accidentally exposed to air when hot, as could
happen when a crack developed
in a CRT undergoing processing.
Maintenance of oil-type diffusion
pumps typically involved periodic
cleaning, replacement of burned
out heater assemblies, and occasional replacement of any spoiled
silicone-based pumping fluid. As
mentioned, some diffusion pumps
were designed for forced-air cooling, but the majority required water cooling system. In practice, this
was typically an “open loop” system without recirculation pumps
or radiators, thus requiring little,
if any maintenance, on the part of
the rebuilder.
(A more modern methodology
for producing the degree of high
vacuum level required in CRT remanufacturing operations is the
turbomolecular pump. However,
as these devices are considerably
more expensive than other high
vacuum systems, few, if any, rebuilders utilized this technology.)
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tween pumping system and CRT
being reprocessed was not elaborate, nor did it require any glassto-glass sealing operations. Replacement electron gun units were
supplied on a glass “stem,” with
leads to various electrodes passing
through that stem. For purposes
of evacuation, these stem units
included a small diameter section
of glass tubing welded to an opening in the center of the stem, and
referred to as the exhaust tubulation. In CRT pumpdown operations, the diffusion pump was situated directly beneath the bakeout
chamber used for processing tubes,
with its inlet orifice positioned so
that the exhaust tabulation could
be directly inserted in to that orifice. A special rubber “gland” type
of seal was tightened down on the
tabulation to ensure a vacuum
tight system.
Vacuum Measurement Equipment: To ensure proper degree of
vacuum, CRT rebuilders relied on
vacuum gauges of several types.
These were typically not permanently connected to the vacuum
system (which was very direct
and will be explained in the next
paragraph), but rather used as
needed to satisfy rebuilding operators that the vacuum system was in
proper working order and capable
of achieving the required vacuum.
Bakeout Oven: In order to remove as much atmospheric gas and
water vapor from the tube being
processed, it is raised to a relatively
high temperature for a period of
time while the pumping operation
is going on. This temperature is as
high as practical, without softening
the glass CRT envelope, typically
around 750 degrees F. A specially
designed insulated chamber or
“oven” is used in this process. It
may be heated by gas burners or
by electrical heating elements. A
uniform temperature throughout

the chamber is required so that the
CRT envelope is not subjected to
thermal stresses during processing. The “bakeout” and pumpdown
period for a CRT is fairly long, consistent with throughput economics. (A 24-hour or longer bakeout/
pumpdown would tend to remove
more gas and water vapor than a
shorter processing cycle, but would
greatly limit the volume of tubes
that could be reprocessed. (Avitt’s
bakeout ovens/pumping stations
were controlled by an automated
timing system, with three hours
typically allocated for the bakeout
itself.)
RF Heater: Near the end of
the bakeout/pumpdown operation, it is necessary to further heat
the metal portion of the tube (the
electron gun assembly) to drive
out occluded gases from these
surfaces. This is accomplished via
an external coil fitted over the neck
of the tube when it is placed in the
bakeout oven and connected to
the vacuum pumping equipment.
The coil is connected to a fairly
powerful source of radio frequency
energy (typically in excess of 100
Watts). The applied RF energy
takes the metal elements to a red
heat, which is maintained for a
specified period of time. As with
oven and pumping system operations, the timing of this portion of
the processing cycle is controlled
automatically.
Tip-Off Coil: Once the glass
envelope and the gun’s metal elements have been heated satisfactorily, the CRT is sealed off from
the vacuum system. This involves
the application of high heat to the
small diameter glass tabulation
connecting the base of the CRT to
the pumping system. While this
could be done by use of a gas flame,
most rebuilders relied on a small
electrically-heated coil through
which the tabulation was threaded
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when the tube was installed in the
bakeout chamber. At appropriate time in the processing cycle,
the coil was energized from a low
voltage, high current AC source,
producing an intense localized
heating and softening of the tabulation glass. As a vacuum is still being drawn through the tubulation,
the softened glass constricts and
fuses to itself, thus permanently
sealing off the evacuated CRT.
The operation of the heating coil
is also automatically controlled
by the same timing mechanism
that operates the oven and the RF
heater. The RF heating unit is also
used for getter “flashing” later in
the rebuilding process.
Cathode Activation Equipment: In order to obtain proper
emissivity from cathode structures
in the replacement electron gun,
the gun’s heater has to be operated
at a substantially higher voltage
than normal for a controlled period
of time. This was usually done in
discrete steps. While it could be
accomplished with only a variable
voltage transformer and a clock,
many rebuilders relied on a timeroperated system to accomplish this
automatically.
Emission Tester: One metric
in evaluating the success of the
rebuilding process was established
by measuring the electron emission of the newly installed electron
gun(s). A number of companies
(B&K, Sencore, and others) provided apparatus for this purpose.
“Spot Knocking” Equipment:
A high potential mains-operated
transformer is required for “spot
knocking.” A transformer capable of delivering approximately
50,000 Volts at several hundred
milliamperes is required. Suitably insulated leads and clips for
temporary connection with the
candidate CRT are part of the “spot
knocking” equipment.

CRT Reprocessing
Described Step-By-Step
The successful rebuilding of
a cathode ray tube is described,
based on observations by the
author in Scott Avitt’s HawkEye Picture Tube Manufacturing
Company in 2010, several months
before the business ceased operations. Doubtless some of the
processes were unique to Avitt’s
particular shop and may not have
been universal in the trade, but
they are typical of the operations
undertaken by anyone rebuilding
CRTs.
• External cleaning The rebuilding of a cathode tube begins
with a thorough cleaning of the
tube’s external glass surfaces while
it is still under vacuum. Avitt accomplished this with ordinary
cleaning substances (soap and
water), with the tube placed in a
special rubber sink to avoid any
chance of chipping or cracking
of the glass. Cleaning operations
involved the removal of any paper
labeling from the tube, as well as
a thorough scrubbing to remove
the external Aquadag conductive
graphite coating used in conjunction with a similar interior “dag”
coating to utilize the tube itself
as a high voltage filter capacitor.
This cleaning process is necessary
to avoid any problems during the
high temperature bakeout process
(Figs. 7-9).
• Measurements Early in reprocessing operations, it is essential to
precisely ascertain the location of
the original electron gun assembly
(distance from gun to screen, and
in color tubes, orientation of individual guns with respect to color
phosphor triads or stripes). Avitt
accomplished this with a special
gauge, recording the data for use
later in the rebuilding process
• Bonded faceplate removal As
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ceiver manufacturers provided set
owners protection from the hazards of CRT implosion by installing
the tube behind a sheet of safety
glass. While this was satisfactory
as a protection measure, it also
added multiple optical reflections
and required frequent removal for
cleaning due to dust and dirt buildup associated with the CRT’s high
operating voltage.
Another methodology for implosion protection was developed
in the early 1960s which involved
bonding a suitably shaped safety
glass panel directly to the faceplate
of the CRT with a special epoxy cement. While this allowed receiver
manufacturers to eliminate the
separate safety glass panel from
their cabinets, it added additional
steps to the CRT rebuilding process.
In rebuilding, the bonded safety
glass had to be removed before
the re-necked and re-gunned tube
could be subjected to the heat
of the bakeout oven. Typically,
removal of the bonded glass took
place very early in the rebuilding
cycle, prior to gun replacement
operations.
(It should be noted that the
even if the glass didn’t have to
be removed from the CRT due to
processing considerations, most
older (40 to 50 years since manufacture) bonded safety glass CRTs
suffer from some amount of “edge
disease” or “cataracts.” Over time,
the epoxy cement used in their
manufacture begins to decompose, causing a loss of clarity and/
or discoloration around the edges
of such tubes. In extreme cases, the
epoxy decomposes to the extent
that the tube appears to have a
broken faceplace or safety glass.)
Avitt accomplished removal of
bonded safety glass panels by heating tubes while still under vacuum
to a temperature considerably low-

Fig. 7. Cathode ray tube rebuilding
begins with a through external cleaning, including removal of the tube’s
external colloidal graphite coating.
Here Scott Avitt, the owner of the
Hawk-Eye, scrubs down a newlyarrived “dud” cathode ray tube in a
rubber sink.

Fig. 8. After the dud is cleaned, the
distance from the existing electron gun
assembly to the flare of the tube’s bell
is established with a special gauge.
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Fig. 9. In rebuilding color CRTs, correct orientation of the electron gun assembly
with relation to screen phosphor patterns is essential.

er (approximately 180 degrees F)
than that used for bakeout. At this
temperature, the epoxy compound
broke down and softened, allowing
the safety glass to be separated
from the CRT faceplate. To aid in
removal, Avitt used a special tool
fabricated from a length of piano
wire strung between handles. The
wire was worked under one edge of
the safety glass and pulled across
the entire faceplate in a sawing
motion. Soft wedges were used to
keep the glass from rebonding to
the CRT. After the two surfaces
were separated, a thorough cleaning of the CRT with solvent was
performed to remove any remaining epoxy material.
(The safety glass panel was not
always reused. Avitt elected to
employ an alternative technology
for reducing implosion hazards in
the tubes he reprocessed. This will
be explained later in this paper.)

After cleaning and faceplate removal where necessary, tubes were
inspected thoroughly for any defects in the glass that might cause
problems later in the rebuilding
process.
• “Letting the tube down to air”
The next phase of the operation is
“letting the tube down to air (normal atmospheric pressure),” or
relieving a CRT of its high vacuum.
This was done in one of two ways
at Hawk-Eye, depending on the
tube’s construction.
CRTs with non-aluminized
screens had their necks “cracked.”
This involved scoring the perimeter of the neck and then applying
an electrically heated wire to the
scored line to initiate a controlled
cracking and slow entry of air.
This was done in order to protect
the rather fragile phosphor screen
coating, which could be damaged
by minute particles of dirt or glass
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propelled by a violent inrush of air.
The tube was placed in a special
holder with the neck facing down
and left overnight for pressures to
equalize. Ordinary masking tape
was loosely applied to the scored
area to prevent the gun unit from
dropping to the floor once the
vacuum is released.
Aluminized black and white
tubes, as well as color CRTs were
let down to air in a slightly different way, as the presence of a thin
aluminum film applied to the gun
side of the phosphor screen (and
in the case of color tubes, shadow
mask or aperture grill) provided
sufficient protection from minute
airborne debris to allow the “letting
down to air” process to be accelerated. Such tubes were relieved of
their vacuum via a tiny hole drilled
in their necks by a small tungsten
carbide powered by an air-powered
drill. The opening was made near
the base of the tube. The bit literally melted through the glass, allowing air to enter (Fig. 10).
• Removal of original electron
gun assembly and getter residue
Standard operational procedures at the Hawk-Eye plant mandated that cleaning and vacuum
relieving operations took place
near the end of the working day,
thus allowing the cracked tubes to
very slowly “let themselves down
to air” overnight.
Rebuilding operations typically
resumed very early the next morning (Avitt typically arrived for work
around 4:00 a.m.), with the removal of the lower neck and old gun
assembly from the now evacuated
tubes. In the cases of the “cracked”
necks, usually nothing more than
removal of the tape applied the
evening before and lifting away
of the old gun and accompanying
neck section. Of course, guns from
tubes that were let down to air via
drilling required the neck scoring

and heating before this could be
accomplished.
The next step involved removal
of the old activated of “flashed”
getter material present within the
remaining neck area of all tubes.
Avitt accomplished this via the
use of a special jig that suspended
the CRT vertically in a neck-down
position. He used a circular brush
saturated with ordinary tap water
and mounted on an extension to
wash away the getter material.
The cleaned neck interior was then
wiped with gauze (Fig. 11).
After getter removal, the
amount of remaining neck area
interior Aguadag coating was evaluated. (Usually some amount was
removed when the spent getter was
cleaned away.) If necessary, Avitt
reapplied the missing conductive
coating (a thick reddish-brown
liquid) with a small brush.
The opened tubes were then
placed in a “pre-heating” over to
bring them to about 200 degrees
F. Avitt typically heated the tubes
for about 2.5 hours, allowing him
to take a break.
• Preparation of replacement
gun assembly Rebuilding operations normally resumed at 7 a.m.
with the preparation of replacement electron gun assemblies.
This involved the selection of the
correct gun for the tube from the
hundreds that Avitt kept in inventory and the attachment—via spot
welding—of a new getter assembly,
if required, and also a careful visual
inspection of the new gun.
• Attachment of neck glass
extension to dud The pre-heated
tube envelope was next mounted
on a horizontal glass-working
lathe, along with a glass extension
tube required to replace the glass
lost when the original neck section
was removed. This extension tube,
or “flare,” was selected to carefully
match the diameter of the remain-
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Fig. 10. The next step in the rebuilding process involves release of vacuum in
the candidate CRTs, or “letting them down to air.” This may be done either by
scribing a ring around the tube’s neck with a file and inducing a crack to form
via an incandescent wire, or by using a high-speed drill to create a tiny hole in
the neck glass. In this photo, the B&W CRT in the background was opened by
scoring and heating. Tape prevents the gun from falling off after the vacuum is
released. The color tube (foreground) was drilled to open it to air. It too requires
removal of the old gun by scoring and heating as shown here.

ing neck stub left on the dud tube.
The tube neck and flare were lined
up very carefully along the same
axis and allowed to spin as Avitt
gently heated both sections of
glass with a Bunsen burner flame.
After this bit of heating, the rotating flare and stem sections were
manipulated with adjustments of
the lathe and a high temperature
(approximately 2,800 degrees F)
oxygen/street-gas flame applied
to the area via multiple burners.
The flame was made large enough
to completely cover the area of the
glass sections being joined, and
after several seconds an orange
sodium flare was observed as the
soda-lime glass edges became
molten. The ends of the two tubes

were brought together with slight
pressure until a complete fusion
of the two surfaces was accomplished. At this point, area around
the joined pieces is still relatively
soft, and with the glass still rotating, a carbon block “maver” was
applied to smooth the seam. This
step ensured that later, when the
tube was reinstalled in a television
receiver, the deflection yoke will
not bind on the “seam” between the
two glass sections. Following the
smoothing operation and a careful
inspection, the oxygen/gas flame
was extinguished and a lower temperature gas–only annealing flame
was applied for approximately 60
seconds to relieve stresses in the
cooling glass and minimize the
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Fig. 11. Avitt removes the previously deposited getter material and a portion
of the internal graphite coating in this reprocessing step.

Fig. 12. The welding of a neck glass extension to the dud envelope is required
to replace the glass lost in removal of the old electron gun and neck glass assembly. It may be done in either a horizontal or vertical glass lathe configuration. Avitt preferred a horizontal arrangement for this operation. The bell of the
tube and its new neck glass are carefully lined up and rotated together in “fires”
which are part of the lathe.
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Fig. 13. The bright orange glow is the sodium “flare” that occurs when the soda
lime glass is heated to its melting/fusion point. At this point, the two sections
are ready to be joined together by manipulation of lathe positioning controls.

chance of a crack developing at a
point further along in the processing (Figs. 12 - 14).
The tube with its new neck glass
was then removed and placed in a
resistively-heated chamber or “hot
box” to keep it sufficiently warm
for the next phase of the rebuilding
process. (This step was unique to
Avitt’s operation, as he preferred
to process CRTs in groups of three,
and needed to maintain all at a sufficiently elevated temperature until
they next processing step could
take place. This continued heating
would not be needed if only a single
tube were being processed.)
• Fitting, orientation, and
sealing of replacement gun The
candidate tube/welded replacement neck glass was then removed
from the warming chamber and
mounted on a vertical glass-working lathe. (Again, this was not universal in all rebuilding operations,

as some operators used a single
lathe. Avitt preferred to do neck
glass welding in the horizontal
plane and transfer the tube to a
vertically-oriented lathe for electron gun sealing operations.)
Once the opened tube/neck
glass unit was mounted in the
lathe, the replacement gun assembly (referred to as the “stem”) was
fastened to a special holder with an
opening though which the exhaust
tabulation fitted. When working with separately based tubes,
wire leads from gun elements are
dressed inside the holder to allow
everything to fit.) (Figs. 15, 16)
Using the lathe’s elevation control, the opened tube is lowered
so that the gun assembly is at the
correct distance from the screen
(as determined from earlier measurements). Rotation is done if
necessary to ensure that gun orientation is correct in the case of color
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Fig. 14. The ridge where the still-soft glass sections are joined is smoothed with
a graphite paddle to ensure that the neck will easily pass through a deflection
yoke when it is reinstalled in a television receiver.

tubes). Just as in the previous glass
welding operation oxygen/gas fires
heat the electron gun stem/neck
glass junction. However, this time,
instead of rotating the tube, it is
held in a static position while the
burners rotate. Again, a sodium
flare is observed as the stem and
neck glass extension are fused together. During this operation, the
operator provided a small amount
of positive air pressure to the assembly being sealed to ensure that
the seal was even and otherwise
free of distortion. This was accomplished via the operator’s exhalation of breath coupled to the stem’s
tubulation glass by a mouthpiece
and small diameter rubber hose.
Use of the operator’s own “wind”
provided an exacting control of
air pressure. This technique is
employed in almost all other small
scale glass blowing (more correctly
“lamp working”) operations. After

the fusing of the two assemblies,
any extra glass falls away by gravity. (This explains Avitt’s preference for using a vertically-oriented
lathe for this joining operation.) As
before, the joined glass area tube is
annealed for 30 to 40 seconds with
a gas-only flame to relieve stresses
(Figs. 17, 18).
• Loading of the tube in bakeout
oven/vacuum pumping station
After sealing on the new gun
assembly, the tubes were then
loaded into the shop’s bakeout/
exhaustion station. (The oven
chamber(s) were pre-heated to
again minimize thermal shock to
the tube’s glass components.) The
processing station used by HawkEye was larger than that used by
some rebuilders, accommodating
up to eight CRTs. The tube assemblies to be processed were loaded
in with the gun end of the tube
pointed down to allow connection
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Fig. 15. Replacement electron guns were supplied from their manufacturer with
a small glass “button” through which connections to electron gun elements were
made and an opening (tubulation) through which a vacuum pumping system is
attached during later reprocessing steps.

of the protruding tubulation glass
with the associated high vacuum
pumping system located at the
very bottom of the processing station. The tabulation was threaded
through a tip-off coil (function
explained previously) and into a
gland-type seal connecting it to
the high vacuum pumping system.
Once this was accomplished, the
pumps (backing and diffusion were

started and the process of removing air from the tube initiated. As
mentioned, the bakeout/exhaustion process ran on an automated
basis at Hawk-Eye, with oven temperatures controlled by a cam, and
the various operations sequenced
by cam-driven relays. This operation typically took several hours to
perform, and involved continuous
vacuum pumping, sequencing of

Fig. 16. These are (l-r) antenna and neck getter assemblies. They are supplied
separately from the replacement electron guns and are spot welded to the gun
prior to its installation in the CRT. Black and white tubes used only neck gettering, while early color tubes were assembled with both neck and antenna getters.
Later color CRTs used only antenna getter assemblies.
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Fig. 17. After welding the neck glass extension to the dud envelope, Avitt transitions operations from the horizontal glass-working lathe to this vertical model
for sealing the replacement electron gun’s button. He is seen here performing
that welding process. As the tube is mounted vertically for this operation, after
the 360-degree seal is completed the excess glass conveniently falls away.
The small rubber tube and mouthpiece that Avitt is using provides a controlled,
small amount of air pressure through the tubulation to prevent the neck glass
from shrinking inwardly, thus ensuring a smooth seal.

temperatures at critical times,
switching on of an RF heater to
raise metal gun elements to incandescence for outgassing purposes,
and activation of the tip-off coil
to seal off the pumped-down tube
from the vacuum system. A maximum processing temperature of
746 degrees F. was reached during the bakeout procedure. After
tipping-off was completed, oven
flames were extinguished and the
processed tubes were allowed to
cool slowly to room temperature to
guard against thermal shock to the
glass. Typically, three to four hours
passed before the oven chambers
were opened (Figs. 19, 20).
• Physical inspection At the
completion of the cool-down cycle,

Fig. 18. In this close-up, the button has
been successfully sealed to the neck
glass. The rotating flames have been
lowered and the excess glass is clear
of the sealed area.
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Fig. 19. After regunning, CRTs are
mounted vertically in the plant’s bakeout and evacuation station. The tubes
are placed in individual chambers for
isolation in the event of an accidental
implosion during the bakeout cycle.
(Avitt’s automated bakeout/evacuation system could accommodate up to
eight tubes.) Tubes are mounted with
the neck passing through two coils
seen at the bottom of the chamber.
The top-most is used for RF heating
and outgassing of the gun’s metal
components during the evacuation
process. The other (tip-off or seal-off
coil) is positioned around the narrow
tubulation connecting the tube to the
vacuum pumping station beneath the
heated chamber. After bakeout and
evacuation were complete, AC current was passed through the coil to
produce an intense localized heat that
softened the tubulation glass, causing
it to constrict and permanently seal off
the CRT.

the evacuated tube was removed
from the bakeout oven/vacuum
pumping station and given a careful visual inspection to ensure that
no cracks or other defects developed during the high temperature
processing.
• Getter flashing After the

Aquadag coating dried, the next
phase of the rebuilding operation
involved the firing of one or more
“getter” assemblies which were
added to the replacement electron
gun prior to installation within the
candidate tube. The getter material used was usually a barium
compound, that when heated to a
high temperature vaporized and
condensed out into a shiny film on
nearby glass surfaces. Its purpose
was to absorb any remaining gas
or water molecules that may have
been present after the pumpdown/
bakeout operation, and also to adsorb any such contaminants that
might evolve during further reprocessing stages or when the rebuilt
CRT was placed in service. The use
of getters in electron tubes dates
back to the early days of vacuum
tube manufacturing. (A getter

Fig. 20. After a controlled cool-down
period, the oven chambers are opened
and the evacuated and sealed CRTs
are removed. The excess tubulation
glass seen here is eliminated by scoring with a file and snapping off the
waste glass.

Volume 25, 2012 281
AWA Review 2012.indb 281

19/06/2012 6:42:58 PM

CRT Rebuilding
would likely not be necessary if a
tube could be pumped and heated
for a sufficiently long time. However, this would be uneconomical
in terms of throughput. Suffice it
to say that the use of a getter is
necessary to ensure a long tube life
consistent with an economically
viable processing time.) (Fig. 21).
The getter assemblies were typically supplied in the form of loops,
either a loop with a wire support
attached (loop getter), or as a loop
attacked to a fairly long slightly
springy metal strip (an “antenna”
getter). Critical to installing either
getter assembly was its physical placement with regard to the
electron gun. The “antenna” getter mount placed the active getter
material a considerable distance
from the end of the gun to ensure
that the gun was not contaminated
by getter material upon activation.
It should be obvious too, that the
location of the getter had to be sufficiently distant from the electron
gun to prevent inadvertent “firing”
when the gun assembly was being
heated by RF during the pumpdown/bakeout cycle. Further, the
proper functioning of the getter
depended to a large degree of its
relationship to a glass surface on
the interior of the tube where the
active material could condense out.
Activation of the getter assembly was achieved by use of a fairly
small portable wand or antenna
probe attached to the shop’s RF
heater unit. The sealed-off tube
was placed in a special holder and
the wand was manually positioned
very close to the getter unit. The
RF heater was then activated until
visual observation indicated that
the getter ring had been raised to
a sufficient temperature to initiate
the chemical reaction required to
vaporize the getter material.
• Cathode activation and testing Once the getter material is

flashed, the next CRT processing
step is cathode activation. This
involved illuminating the filament
with higher than normal voltages for a specified period of time.
This is necessary, as the electronemissive cathode coatings used in
the electron gun manufacturing
process are typically a mixture of
carbonates of barium, strontium,
and calcium. Such carbonate
compounds are not in themselves
particularly emissive and must
be converted to oxides. This was
accomplished in the CRT remanufacturing business by application

Fig. 21. The next processing step is
“firing” or activation of the previously
installed getter. Heat produced by
the application of an external radio
frequency source to the getter assembly causes the active getter material (primarily barium) to vaporize and
condense on the glass surface of the
tube. The material continues to adsorb
gasses that may be evolved during
the tube’s life, thus maintaining a satisfactory level of vacuum for proper
operation. In this photograph, the RF
heater coil (white wire) is positioned
directly over the getter assembly and
connected by heavy cables to the RF
source.
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of high heat produced from temporary overvoltage operation of
the associated gun tungsten filament (or filaments in the case of
a color CRT). In addition to oxide
conversion, this heating (up to
2,000 degrees F.) also decomposes
the nitrocellulose material used to
bind the carbonates to the cathode
substrate (Fig. 22).
In practice, this cathode activation is accomplished by connecting a metered variable voltage AC
power supply to the tube filament
leads and raising and lowering the
voltage for specific intervals.
In Avitt’s shop, the cathode
activation process—sometimes referred to as “aging” or “flashing”—
was performed in several discrete
stages. For a 6.3 Volt filament
tube, the sequence was as follows:
7 Volts was applied for three minutes; it was then raised to 13 Volts
for two to three minutes; and after
that reduced to 9 Volts. The tube
was then allowed to “age” at this 9
Volt potential for some 35 minutes.
(As with the pumpdown/bakeout
cycle, Avitt used an automated
control system to raise and lower
the voltage in a timed sequence.)
At this point, the success of the
activation process was evaluated
by connecting the tube to a Sencore
CR-7000 CRT analyzer and checking for proper emission.
As the carbonate-to-oxide conversion process is performed
after the tube is sealed off from
the vacuum pumps, residual gas
pressure within the tube increases
slightly. The previously activated
gettering material is able to quickly
lower this.
• Treatment to Reduce Implosion Hazard As described earlier,
removal of the epoxy-bonded safety glass panels was required before
subjecting the candidate tube to
the high heat of the bakeout oven.
While the faceplate could be saved

Fig. 22. In this step, the heater leads
of the regunned CRT are connected to
a higher than normal voltage source
for “aging” (cathode activation). The
excessive heat from the filament overvoltage converts the cathode material
from a carbonate compound (typically
barium and strontium) to an oxide.
(Such oxides are unstable in air, hence
the requirement for application to the
cathode structure as a carbonate and
the subsequent oxide conversion
while under vacuum.)

and reattached with the same
type of epoxy cement used when
the tube was first produced, Avitt
abandoned this practice early on
due for several reasons: the epoxy
compound was extremely expensive, the process was labor-intensive, and it was difficult to reattach
the safety glass without getting air
bubbles trapped in the material,
this creating impairments in the
pictures produced by the CRT and
necessitating removal and reapplication of the safety glass.
During the late 1960s and early
1970s, the cathode ray tube industry moved away from bonded
faceplates, electing instead to
use external tensioning bands to
minimize injury due to accidental
damage to the CRT. (It is noted
that glass under compression is
much stronger and break resistant
than glass under tension. The application of a steel band around
the portion of the tube where the
faceplate joins to the bell and then
tightened places those areas under
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compression, greatly minimizing
implosion hazards.)
As part of the routine reprocessing of tubes from which faceplates
had been removed, Avitt applied
a tensioned steel strap around the
perimeter of the tube’s faceplate.
(The tensioning strap approach
to implosion protection was not
always practical with some tubes,
especially those with smaller
screen sizes. In those cases, Avitt
reattached the previously-removed
safety glass with special heavy duty
double-sided tape.)
• Spot Knocking The practice
of “spot knocking” is a carryover
from the high-power transmitting
tube industry. It involves application of a high-voltage, high-current
source between tube elements
to literally burn out any metallic
contaminants, minute burrs on
elements, or any other protrusions.
If this step is not performed, tube
operation could be impaired as
such contaminants or protrusions
may physically damage the tube
by providing a discharge point for
high voltage operating potential,
or could otherwise interfere with
normal operation.
Avitt accomplished spot knocking through the use of a large highvoltage transformer, producing upwards of 50 kV. The unbased electron gun leads were tied together
to form a common connection and
the high voltage AC potential connected between these leads and
the tube’s second anode connector.
The high voltage was applied for a
period of several minutes before
the tube was pronounced fit for
service. During the spot knocking
process, bright flashes are usually
observed on the tube’s phosphor
screen due to field emission. This
process requires considerable
caution due to the lethal voltage
and current involved. Also there
is potential for generation of fairly

penetrating x-rays (Fig. 23).
• Basing The next step in the
rebuilding process was rebasing,
or connecting the wire leads from
the new electron gun assembly
to a new base; however, this was
only required on early tubes. More
modern CRTs used heavy-gauge
connections to the gun elements
that were sealed directly through
the stem glass. The leads themselves form connecting pins just
as they do in miniature receiving
tubes.
In attaching a new base to
older tubes, leads are first visually
identified and are then threaded
through the correct pins on the
base. The base is then permanently
affixed to the tube with a suitable
adhesive compound. Early on,
Avitt used an industry-standard
granular adhesive that had to be
mixed with solvent before application. (The chemical identity of
such basing cement is not known
with certainty, but was probably identical to tube basing cement widely used in vacuum tube
manufacturing. This consisted of
mixture of finely ground marble
and a phenolic binder in solution
with alcohol. Avitt shifted away
from this cement to RTV (room
temperature vulcanizing) silicone
rubber sealant, as it proved more
convenient to use and had less likelihood of failing with time (Fig. 24).
Once the base was securely
cemented in place, the wire leads
were soldered to the pins. This
could be accomplished in a number
of ways, including the use of a solder pot; however, Avitt preferred to
manually solder each connection.
A final test of CRT emission
and other parameters performed
with the Sencore cathode ray tube
analyzer completed the rebuilding
process.
• Aquadag Recoating Following testing and a thorough physical
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Fig. 23. “Spot knocking” or the burning away of any sharp points or other debris
inside the tube is next. This is accomplished by applying a high AC voltage
(typically 50 kV or greater) between the CRT’s gun leads and the second anode
connector. Great care is required in this step due to the potentially lethal voltage and current involved. Light flashes observed on the screen of the tube are
due to field emission, as the cathode structure remains cold during this step.

inspection, the next reprocessing
step was to apply a new exterior
Aquadag coating. This was accomplished by manually painting the
coating directly on the glass envelope with a small brush.
• Labeling This is the final step
in the rebuilding process and consisted of attaching a printed label
with identifying information to the
remanufactured CRT.
This completes the step-bystep description of the cathode
ray tube remanufacturing process
as practiced by Avitt at his HawkEye plant.
A Changing Industry
Just as in most industries, the
practice of rebuilding picture tubes
continued to change and evolve in
connection with other changes in

the television receiver industry.
Beginning in the late 1960s, a
shift in U.S. consumer electronics manufacturing operations and
consumer purchasing patterns
began to affect the cathode ray tube
industry.
Perhaps the earliest and most
profound of these was acceptance
of color television by the general
public.12 NBC launched a full-color
schedule for the 1966-67 season,
and rivals CBS and ABC also upped
their color offerings. As a result,
color television receiver sales,
which had been long stagnated
since the introduction of NTSC
color in 1953, began to soar. With
less and less demand for black and
white receivers and cathode ray
tubes, rebuilders began to move
away from this area and focus on
the new color tubes. By 1971, RCA
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Fig. 24. At this stage, reprocessing
of the cathode ray tube is essentially
complete. Older tubes require installation of a new plug-in base though.
Wire connections from the electron
gun are identified and threaded
through the pins of the base for later
soldering. Avitt affixed the Bakelite
bases to tubes with an RTV silicone
compound. Once the base is attached
and soldered, the exterior Aquadag
coating removed earlier is reapplied
on all tubes. Depending on whether
the tube was intended to be mounted
behind a safety glass or not, a tension
band is installed, or the previously
removed safety glass is reattached
with tape before the Aquadag coating
is applied.)

had ended monochrome CRT manufacturing entirely and converted
its Marion, Ind. plant to color CRT
operations.13
This shift away from monochrome tube use (and associated
remanufacturing of these tubes)
caused no real problems for rebuilders, as there had been some
demand for color CRT reprocessing
prior to the color boom period. One
of the biggest concerns associated
with regunning of tri-color tubes
was accurate alignment of the electron gun assembly; some amount
of misalignment could be tolerated, but gross mispositioning could
make proper beam convergence
impossible to achieve. Hawk-Eye
operators used a special gauge and
marking system to ensure correct
alignment of the replacement color
gun assembly. (It should be noted

that some of the earliest tri-color
CRTs presented special challenges
for rebuilders. These included the
15GP22 first “production” color
CRT from RCA and its licensees
and the 21AXP22. Both of these
tubes utilized a hybrid glass/metal
construction, with the faceplate
and gun/neck assembly bonded to
a metal cone with a finally granulated ceramic compound known as
“frit.” When these tubes were originally manufactured, the glass and
metal surfaced to be mated were
coated with frit and then subjected
to high temperatures which fused
the material and created a strong
and vacuum-tight seal. Difficulties
could sometimes be encountered
when such tubes were reprocessed,
as this interface was very thin and
additional heating and cooling
could cause very minute cracks
to occur at the glass-to-metal interfaces, making it impossible to
achieve a permanent high vacuum
state within the tube. Little could
be done to repair these “leakers.”
However, this situation was not
unique to early color tubes, as a
fairly substantial number of glass/
metal monochrome tubes were
also produced during the post-war
television receiver boom. These
included such entries as the 16AP4,
17CP4, 21AP4, 21MP4, and the
30BP4 used by DuMont in their
grandiose 30-inch “Royal Sovereign” set. (It is doubtful, though,
that much demand existed for
rebuilding this tube due to the relatively small number of sets sold.)
Other Changes
In addition to the shift to color
and the changes in implosion protection noted, there were other
changes too that affected the
rebuilder to some extent. One
of these was the gradual change
to greater and greater deflection
angles that was key to produc-
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ing shorter cathode ray tubes.
(Deflection angles in early tubes
were typically around 50 degrees;
this gradually increased to some
110 degrees.) Neck diameters decreased as well. The impact of such
changes to the rebuilder was the
ever-increasing number of guns
that had to be stocked, or at least
identified for ordering when needed, and an increased inventory of
neck glass extensions. Cathode ray
tube numbering schemes changed
also. Another change involved the
practice of “permanently” bonding
deflection yokes to tubes at the factory. Rebuilders had to “unbond”
and later “rebond” these in the
rebuilding process. Otherwise the
yokes would be destroyed by the
high bakeout temperatures and the
presence of the yoke and bonding
material could have damaged the
tube envelope during bakeout.
Declining Numbers
The “full-color” era brought
with it a measure of prosperity to
cathode ray tube remanufacturers,
not from color tube reprocessing
initially though, as at its zenith in
the 1980s and 1990s, Hawk-Eye
typically reprocessed eight CRTs
per day, with occasional daily
throughputs of up to 16, or more
than 2,000 tubes per year. (According to Avitt, even this spike
did not seriously challenge HawkEye’s maximum capacity of 26
tubes per day.) At that time the
company employed four full-time
persons, and not only regunned
defective tubes, but also built their
own replacement electron gun assemblies and had the capability
to replace damaged monochrome
tube phosphor screens. However,
by the time the decade of the 1990s
neared its close, the CRT rebuilding trend was noticeably declining.
As the cost of repair shop labor
rose and television sets became

more complex and manufacturerspecific with regard to replacement
parts (house-numbered integrated
circuits and other components),
owners found it cheaper to replace
the entire receiver rather than
spend a third or more of its purchase price on a single repair. Also
entering into this equation was
the move by manufacturers and
consumers away from elaborate
console model television sets that
sported record changers, AM/FM
tuners, large speakers and other
amenities in favor of basic “box”
receivers with plastic cabinets.
When a failure did occur in one of
these simpler sets, it was a much
easier decision just to replace it in
its entirety.
Hawk-Eye reported that its
volume fell by some 10 percent
per year beginning in 2000. The
company was able to maintain
viability by branching out to a different strata of cathode ray tube
users—television broadcasters and
video production companies. For
these users, complete replacement
of monitors was not usually an
option, as the “critical” television
monitors used for video evaluation were priced substantially
higher than consumer devices. As
an example, high-end professional
color monitors from Sony, Barco,
Asaca, Tektronix, or Ikegami could
easily cost upwards of $10,000 or
more. Obviously, the amortization
period was much longer than for a
consumer product, thus mandating repairs when needed, rather
than wholesale replacement. Another factor that came into play in
supporting the broadcast television community was the specialized nature of some of the video
monitoring equipment used. Even
the relatively small and unsophisticated black and white monitors
used by broadcasters tended to be
application-specific and could not
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easily be replaced with off-shelf
items. These included the monitors used as camera viewfinders
and in videotape recorder monitor
bridges. In some cases, Hawk-Eye
was the only source of replacement
CRTs for still serviceable monitors
from companies such as Conrac
who had completely abandoned
the broadcast market.
While sales to this professional
market sector were initially good,
in time Hawk-Eye again saw a
decline as new display technologies replaced cathode ray tubes in
broadcast monitors.
The company also found a
market for its services in connection with specialized CRTs used
in medical imaging equipment
and in the burgeoning video game
market. However, in time rebuild
demand lessened with the adoption of high-resolution flat screen
displays.
Not far into the new millennium, the handwriting on the wall
was quite obvious. None of the
large companies previously offering new consumer device cathode
ray tubes or rebuilt replacements
were still doing so. This followed
the move to off-shore manufacturing and the selling of longestablished television brand names
such as RCA, Zenith, and Philco to
non-American companies. RCA
and all of its tube business was
gone by the early 1980s. In January 2006, Sony, the first foreign
company to establish a picture
tube manufacturing operation in
the United States, and perhaps
the last manufacturer of new
picture tubes in this country, announced the closing of its Rancho
Bernardo, Calif. CRT production
business.14 (Four months prior to
the closing of this facility, Sony
had announced that it would be
shutting down CRT production
lines on a global basis.)15 Ameri-

can Video Glass, a Pennsylvania
company that produced CRT glass
components for Sony, and was colocated with Sony’s Pittsburgh area
television receiver plant,16 was shut
down in late May of 2006.
CRT rebuilding by independent
companies such as Hawk-Eye
prospered, perhaps strengthened
by the withdrawal of the former
major players and the gradual
decline in the availability of new
replacement tubes.
Conclusion
With the cessation of operations
at Hawk-Eye, a once very viable
and in-demand U.S. business sector ended. At its peak, cathode ray
tube remanufacturing operations
reached into most states and many
larger cities, and employed hundreds of persons. While no records
can be found, it is estimated that at
its zenith, several hundred thousand tubes were rebuilt annually,
generating combined revenues
in the tens of millions of dollars.
The industry was also responsible
for the creation of several supplyside companies to provide such
items as electron gun assemblies,
glass components, bakeout ovens,
glass working lathes, specialized
cements and coatings, test equipment, and other items used by the
trade.
Further, remanufacturing businesses such as Hawk-Eye’s ensured
a more or less constant recycling of
cathode ray tubes. With the ending
of production of CRT-based television receivers and broadcast monitors and the periodic picture tube
replacement such sets required,
there are now millions of tons
of unwanted glass in the United
States alone. As the glass used in
CRT components contained lead
and other substances (principally
barium and strontium), it is now
considered to be hazardous waste,
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with several states and the federal
government enacting legislation
mandating the proper disposal of
such glass. According to the recent figures (2008) from the U.S.
Environmental Protection Agency
(EPA), there are now some 24 to
26.3 million television receivers
and 22.8 to 28.5 million CRTbased computer monitors that
have reached the end of useful life
and become potential candidates
for disposal or recycling. Further,
at the time the EPA information
was issued, due to the difficulty involved in the separation of cathode
ray tube components, only about
16 percent, or roughly 28,000
tons, of discarded CRT glass was
targeted for reuse within the glass
industry, and only six percent, or
10,000 tons, was destined for U.S.
smelters for lead recovery.17 Truly,
recycling of cathode ray tubes
has passed from what was once a
profitable and fairly large sector
consumer-oriented business to one
of hazardous waste management.
Epilog
Scott Avitt processed his
last cathode ray tube run—
an A63AGD01X and two
A63AAX02Xs—on Nov. 29, 2010.
Curiously, these 25-inch tubes
were not intended for television
receiver replacement purposes,
but rather for use in Atari video
game displays. The processing
equipment used by Hawk-Eye was
removed from the plant in January 2011 and donated to the Early
Television Foundation, located in
Hilliard, Ohio, a suburb of Columbus. That organization, using volunteer help, plans to reassembly
the gear and eventually launch a
small-scale rebuilding operation
specializing in cathode ray tubes
needed to restore television receivers manufactured in the 1940s,
1950s, and 1960s. However, at the

time of this writing (spring 2012),
this plan had not yet materialized.
Author’s note
Although, Hawk-Eye was the
last independent cathode ray tube
rebuilding operation in the United
States, two other rebuilders were
still in operation at the time of
Hawk-Eye’s 2010 closing. These
were the Video Display Corporation, located in Tucker, Ga., and
Quest International, which is
headquartered in Irvine, Calif.
However, when contacted, both
entities downplayed their role in
CRT replacements for consumer
devices, admitting that demand for
their products and services from
the home entertainment market
has been in decline for a number of
years. A Quest International representative stated that the company
no longer remanufactured CRTs
for consumer products, and that
the current focus of the business
was in supplying high-resolution
tubes for the medical imaging
market. However, Quest was actively working with owners of such
imaging devices in converting this
equipment to utilize newer and
more readily available display devices. Thus, practically speaking,
cathode ray tube rebuilding ended
on this continent in late November
2010 with the cessation of operations at Hawk-Eye. Further, as of
2012, the last U.S. manufacturer
of replacement CRT electron guns,
cathode assemblies and similar
components is no longer supplying
these items. A French company
(RACS) has conrtinued to rebuild
cathode ray tubes for U.S. customers since the closing of HawkEye, but the cost associated with
shipping these fragile, bulky and
heavy devices across the Atlantic
has limited the availability of such
services. Recently (May 5, 2012) it
was learned that even RACS may
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be scaling back or even discontinuing rebuilding services due to
a lack of demand. It would appear
from this that cathode ray tube
refurbishment is indeed destined
to become a lost art.
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enjoys researching and writing
about broadcasting history and the
persons who have made important
contributions in this field. Mr.
O’Neal is a frequent contributor
to TV Technology and his writings have appeared in a number
of other publications, including
Radio World, Government Video,
and QST magazine. He has published two other articles in the
AWA Review. He has been invited
to lecture at the Smithsonian Institution, and has made presentations
at Society of Motion Picture and
Television Engineers, Institute of
Electrical and Electronic Engineers, and National Association of
Broadcasters national conferences.
He enjoys collecting and restoring
vintage commercial broadcasting
equipment and consumer radio
and television items. One of his ongoing projects is a working replication of the technical portions of the
1947-vintage radio station where
he began his career. Mr. O’Neal
is a graduate of the University of
Arkansas and is holder of both
commercial and amateur radio
licenses. He is a life member of
both the Society of Motion Picture
and Television Engineers and the
Society of Broadcast Engineers. He
is member of the Institute of Electrical and Electronic Engineers, a
member of the IEEE’s Broadcast
Technology Society’s administrative committee, and is editor of
that organization’s quarterly publication. He also serves as Broadcast
Technology Society historian. He is
a manager of the Washington, D.C.
SMPTE section and serves on the
SMPTE Board of Editors. He was
elected last year to the board of
directors of the National Capital
Radio & Television Museum.
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Letter to the Editor

Swan Island
I attach a copy of the letter I
received from E. Howard Hunt
relating to Swan Island and some
interpretive text about it. I would
be grateful to you and the Review
to see it published.
Hunt is wrong about the transmitters already being there in 1954,
although there was a radio installation (it was a long time ago and
he was pretty old). Some utility
radio facilities were already on the
island. But the Black Station used
a transmitter the Navy brought in
from Europe. (This is detailed in my
article). Hunt’s handnote PS about
Pan American is interesting in that
Pan American Airways seems to
have had something to do with the
radio beacon (callsign SWA) on the
island. United Fruit “owned” the
island in a complicated way -- much
as some say United Fruit owned the
CIA. But as of 1954, Pan American
Airways may have been the main
commercial American presence - if
there was any at all. Pan Am was
the “American National Airline,”
started for western hemisphere
business travel. Then PanAm One
went West around the world and
PanAm Two went East around the
world. That was a really nice way
to travel, especially once they got
747s.
Going back to Hunt’s letter gave
me some qualms about how I had
understood it. I did read it, and do
read it now, to make reference to
unwelcome visitors while he and
Phillips were on the island. But
Phillips writes about such a visit

much later (at the time of antiCastro broadcasts) by Hondurans, when only one CIA security
man manned the post. Fortunately they mainly wanted to party
once they had established by their
presence Honduran sovereignty. But Hunt is quite concrete in
his reference, even as I look back
on that letter now many years later.
I have no doubt that it was David
Phillips who picked Swan Island
for the “Radio Swan” anti-Castro
broadcasts, inasmuch as he’d been
there for the anti-Arbenz Black Station work. The CIA memo telling
the history of that station doesn’t
name him, but I also have no doubt
he wrote that memo (I quote some
of it in my article).
I had the impression reading
David Phillips’s Night Watch book
that it was part of a Company
charm offensive. Maybe his formation of the Association of Foreign
Intelligence Officers was also part
charm offensive. But how “official” would be hard to say. I do
think that, like Hunt, Phillips was
an honorable man -- but with way
better luck.
This is an appendix to
the Radio History of
Swan Island.1
The entire contents of this appendix are copyright Bart Lee,
2010, all rights reserved except as
set forth herein.
That article of mine cited a communication from E. Howard Hunt.
Mr. Hunt wrote to me about Central Intelligence Agency activities
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on Swan Island in 1954. The CIA ENDNOTES
directed these and related actions 1. Bartholomew Lee, “Swan Island,
its radio history including the
against the Guatemalan governCIA and the revenge of United
ment. He and David Phillips set up
Fruit” Antique Wireless Assoa “Black” propaganda radio station
ciation Review, 2010, vol. 23,
on Swan Island and perhaps sevpages 115-140.
eral in neighboring countries. The
programming, done by Phillips, 2. Esquire, 1999, May, page 18.
sought to overthrow the regime,
Correspondence is invited:
duly elected, of Col. Jacobo Arbenz.
KV6LEE@gmail.com.
It succeeded.
Not long after he wrote to me,
he wrote to Esquire magazine.2 He
responded to an article it had published about Jack Richardson, another CIA officer. Hunt compared
their Agency work: “... like Jack
Richardson, I was fortunate to have
a career I cared about in interesting
parts of the world....” But he first
made his point: “ Richardson and
I were engaged in carrying out the
nation’s business, and I was proud
of that.”
I have been urged to publish
Mr. Hunt’s letter. After he wrote it
to me, he conveyed all rights in it
to me. There follows a scan of this
letter. The letter and all rights in it
belong to me, and I assert all legal
and moral rights with respect to it,
especially that its authorship and
ownership always be recognized
and that its integrity be always
maintained.
I have come to believe that, at all
times, Mr. Hunt acted in good faith
and all honesty in “carrying out the
nation’s business.” He paid a high
price for his loyalty and integrity.
His loyalty to it exceeded that of
the nation he served to him.
I know that Mr. Hunt wanted
the world, and its historians, to
know what he had done, with
whom he had done it, and to whom
he had done it, and why. Hence, any
reasonable “fair use” may be made
of some of the text (but not the image) of his letter to me, respecting
its integrity.
Bart Lee
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