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A PROFOUND MISCONCEPTION ABOUT THE
nature of de Forest’s fundamental in-
vention has prevented many from ap-
preciating the full importance of his
contribution to communications and
electronic science. Indeed, if he had
simply “interposed a grid between the
cathode and anode of a two-element vac-
uum tube” as some seem to think, he
would have no claim to the title “Father
of Radio” which he has borne without
challenge for several decades.

Yet, in spite of their superficial re-
semblances, the de Forest Audion and
the Fleming valve do not belong in the
same family of detection devices. De
Forest started out with the Responder,
an electrolytic detector. A steady cur-
rent from a local battery flowed through
it. Arrival of a radio signal reduced the
conductivity of the solution and inter-
rupted the current. Thus it was, like
the Branley coherer, a relay, in which
ery small amounts of radio-frequency
power controlled much larger quanti-
_ties of power supplied by a local source.
e Responder was the subject of de
st’s first patent.
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De Forest did not “add a grid
to the diode”: he developed an

entirely new electronic device

This early patent drawing may be the
first of the grid Audion and its circuit.
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What did de Forestreally Invent?

While working with the Responder,
de Forest was led by an accident into
the study of flame or hot gases as a
means of detecting wireless signals. The
Audion was the last of a long series of
heat-operated devices. All of them used
a local or B-battery (de Forest’s term—
abbreviated from “booster battery”).
The leads from this battery terminated
in two electrodes, placed in different
parts of a flame (in the earlier models).
The battery current was to be con-
trolled by the wireless signal, picked
up by an antenna attached to one of the
electrodes of the device, which in its
simplest form is shown in Fig. 1. An-
other electrode was grounded, to com-
plete the antenna circuit. The tele-
phones were in the battery circuit. ]

Several of these devices, using a Bun-
sen burner as the chief element in the
detector, and with different types of ele-
ments variously positioned, were pat-
ented by de Forest.

But the inventor realized that his
flame detector, though improving with
each new model, was fundamentally un-
suited for practical work, especially on
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Dr. de Forest inspects the newly in-
vented transistor while Dr, Shockley,
who directed the team responsible for

its invention, holds one of the early
Audions,

shipboard. A breath of air or slight list
of the eraft could change the relative
positions of flame and electrodes, mak-
ing the detector intermittently useless.
“So,” he said, “I thought of other means
of heating the gases.” After trying and
abandoning a small are, he had a num-
ber of small lamps—with the essential
elements built in—constructed (Fig. 2).

It would be naive to suppose that
Fleming’s valve might not have given
him a suggestion. On the other hand,
he might have got his inspiration from
an ordinary eleetric light bulb. In any
case, the elements sealed into those ear-
lier tubes—and most especially the cir-
cuitry surrounding them—were definite-
ly those of the de Forest gaseous detec-
tors. (Even the final grid Audion is
reminiscent of a much earlier device
which used a number of rings in a Bun-
sen burner flame.)

De Forest argued that the arrange-
ment of Fig. 2 was imperfect “because
it permitted part of the high-frequency
energy to pass to earth through the
telephone and B-battery cireuit, instead
of concentrating it upon the ions be-
tween the plate and filament.” He there-
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fore tried attaching the antenna to a
piece of tinfoil wrapped around the
glass of the lamp. The next step was to
insert it in the tube, at first as an addi-
tional plate or “wing” on the opposite
side of the filament from the plate,

The new model was “a further dis-
tinct improvement” on previous detec-
tors, and work was intensified to find
the best shape and position for the new
element. The Audion was practically in-
vented. Already a system was in exist-
ence that isolated the signal and loeal
circuit, and finding the ideal placement
of the control element was a matter of
a few experiments. De Forest was con-
vinced that it would have the greatest
effect on the conductive stream (of ions,
as he envisioned them) if placed be-
tween cathode and “wing” or plate. The
plate was perforated as a first experi-
ment, then de Forest handed tube maker
McCandless a piece of wire, bent in zig-
zag fashion into the shape of a grid
about % inch square. Instructions were
to put this grid between the wing and
filament, and “as close to the filament
as possible.”

The new tube, delivered with a batch
of others of different forms, had a life
of barely 3 minutes. Yet that was long
enough to prove a device of an entirely
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De Forest and Sarnoff before the
plagque erected at the site of the
invention of the wvacunm tube. "

new order of sensitivity was born. Thus
the Audion, which differed from all pre-
vious detectors of electric waves in that
it could amplify, was born.

In contrast, the Fleming valve was a
simple rectifier. It is related to the crys-
tal diode or the imperfect-contact type
of detector rather than to the family
of the coherer. Putting a third electrode
in it—while retaining its method of op-
eration—would simply make it “a recti-
fier with one too many electrodes.” It.
could never have advanced electronics
beyond the erystal-diode stage.

In recent years even the British—
who tended to defend Fleming during
his lifetime—have pretty well recog-
nized de Forest as the inventor of a new
device. De Forest’s own attitude, which
the British considered sporting, was
partly responsible for the swing in his
favor. Fleming consistently attacked
de Forest as a charlatan and cheat,
while he took a far more tolerant atti-
tude toward his British colleague. Ac-
cording to one British author, de Forest
went so far as to remark that “Fleming
went to his death convinced that he was
the inventor of the vacuum tube.”

Now that both great pioneers of radio
are dead, and personalities no longer
enter into the problem, it is clear that
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Fig. 1—The earliest model of the flame
or heat-operated detector.
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Fig. 2—FElements of the flame detector
of Fig. 1 sealed in a glass envelope.
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Fig. 3—A near-Audion. Signal ecir
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Lee de Forest
FATHER OF RADIO
1873-1961

LEE DE FOREST, ILLUSTRIOUS in-
ventor of the Audion tube, died
on June 30 from a heart attack,
at his home in Hollywood, Calif.
He was almost totally incapaci-
tated since 1959 by an illness
that kept him bedridden and
that was to last almost 2 years.
His legion of friends will be
comforted that he died without
suffering and in peace. His last
signed letter to the present
writer—one of hundreds—was
dated June 6, 1959,

So passes a great historic era
which ushered in not only radio
but electronics as well. It was
Dr. de Forest’'s vacuum tube—
the Audion—that lifted the whis-
pering wireless—crystal-detector
age into the radio-loudspeaker
age, where it has remained ever
since. No one doubts that the
electronic age began in 1906
with his stupendous invention,
which in turn gave us amplification, regeneration and
oscillation, making possible the radiotelephone, broad-
casting, radar, television and the host of other incredible
electronic wonders already here, with new ones still in
the future.

Because his Audion—the first practical detector-
amplifier—was one of the most brilliant and far-reach-
ing inventions ever made, it fell to de Forest’s unenvi-
able lot to be constantly immersed in a long, fierce and
costly series of patent litigations. So much was involved,
not only in the US but in other countries as well, that
everybody wanted to get into the act and share in the
fabulous profits. The vacuum-tube gold rush was on.

First of the contenders was Dr. J. A. Fleming of
England with his two-element valve, which could neither
amplify or regenerate. He had not even invented it, but
had lifted it—without credit—in toto from the real
inventor. Edison had observed in 1883 the famed “Edi-
son effect” which made it possible to send an electric
current between a cold conductor and a hot filament in
a vacuum. (To the credit of English scientists, Fleming
a few years back was officially disowned as the inventor
of the three-element de Forest vacuum tube, despite
the long patent battle.)

Then there were patent suits in behalf of German and
French contenders, plus a long list of American liti-
gants, among whom were Maj. Edwin H. Armstrong,
inventor of the superheterodyne circuit as well as super-
regeneration and the FM system now in increasing use
and Dr. Irving Langmuir for the General Electric Co.

The expensive, decades-long patent suits finally ended
in 1934 in the US Supreme Court in a full victory for
de Forest, who by that time had gone through at least
four fortunes running into millions of dollars. In 1936,
he went into personal bankruptcy, with considerable
liabilities and assets of only $390.

As is true of many inventors, de Forest had the mis-
fortune of being associated with too many unscrupulous

SEPTEMBER, 1961

business managers and associates
who looked out for themselves
but not for him. Nor was he over
much interested in business or
money. His great urge in life
was inventing.

A prolific originator and in-
ventor, he had well over 300
patents. Aside from his Audion
and numerous vacuum-tube ecir-
cuit patents, here are a few of
the more outstanding ones: a
tubeless (dynamic) amplifier, a
gaseous microphone, a diffrac-
tion microphone, a subterranean
signaling system, a cautery high-
frequency surgery device (he
was operated on with one several
years before his death), a tele-
graphone. De Forest was in-
tensely interested in loudspeak-
ers—he invented many different
types of various principles; a
thermionic pickup; talking-pic-
ture devices; a thermophone, a
diaphragmless speaker. A television sign operated by re-
mote control and various television patents, including
stereoscopic vision, large picture size and others, were
also among his achievements.

While de Forest, during his long and eventful life,
had been honored with some eleven outstanding medals
and decorations, including the recently awarded Cross
of the Legion of Honor from the French Government,
he was much disappointed that he never had been
awarded the Nobel Prize. In private talks with this
writer, the great inventor could not understand why
Marconi should have been awarded the coveted prize
while he, de Forest, with a much greater contribution
in the arts, should not have been so honored.

Accordingly, in March 1955, RADIO-ELECTRONICS and
the undersigned started a widespread campaign, peti-
tioning the Nobel Fund, through the Swedish Academy
of Science, in de Forest’s behalf. Yet after the usual
deliberation of the Fund, the result was negative. We
were given to understand that the Nobel Prize in
Science (physics) nowadays is given only for pure
science, rarely for an invention. Unofficially we learned
that there was not a sufficient number of votes for de
Forest: certain individuals did not wish to vote because
of their industrial affiliations in their respective coun-
tries. It became known, nevertheless, that the final
voting was stormy. De Forest was heartbroken and
stated so in a communication to us.

The celebrated scientist-inventor, who saw his Audion
blossom into a world-wide, multibillion dollar business,
died in very modest circumstances after a long pro-
tracted illness that consumed all his life savings.

As the undersigned stated in the January 1947, de
Forest Anniversary Issue of this magazine, in a para-
phrase of Winston Churchill:

“Verily, never in the history of the world has so much
been owed by so many to one man—Lee de Forest.”
—Hugo Gernsback

33




