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the transistor—the
state.

vention has,
shadowed his other accomplishments,
which would have made him probably
the most important figure in American
radio communications without it.

- Lee de F

WHY THIS ARTICLE?
August 26, 1973 marks the 100th

anniversary of the birth of Lae de
Forest. And it is in recognition of the
many contributions of this electronics
pioneer that this articie appears,

in this age of solid-state, after 25
ears of the transistor. many of us
re inclined to underestimate the im-

portance of the fundamental invention
of electronics, the vacuum tube. Yet
before the 25 years of the transistor,
we have had 40 years of the tube.

Indeed, if we had been forced to
ontinue with the crude methods of

transmission and reception of the

re-tube era, it is unlikety that radio
ommunications would have devel-
ped enough to make the research

that led to the transistor's invention

ossible.
So, as de Forpst is acclaimed as

the Father Of Radio, his vacuum tube

an be considered the progenitor of
father of solid

De Forest’s most important in-
untortunately, over-

Most of the more important
wirgless'” stations now operating

along the Atlantic coast were estab-
lished by him. His *radio knife™ of

lectronic surgical scalpel is wall

known in the medical field and our

resent talking movies follow very

closely the principles of the de Forest

honoflim.

The Audion—the vacuum tube triode;
telephone dialer; and an electronic scalpel

by FRED SHUNAMAN

LEE DE FOREST—LIKE TOO MANY OTHER
figures in the history of electronics—is
already becoming a victim of neglect
by those who write the histories of ra-
dio. Given the honorific “Father of
Radio” for his invention of the Au-
dion amplifying vacuum tube, prac-
tically none of his other work is men-
tioned—nor remembered. And ilkit-
erate historians—because of a supcr-
ficial resemblance between the two de-
vices—are prone to describe cven de
Forest's most important invention as a
mere improvement on the Fleming valve
rectifier. Yet—invention of the vacuum
tube aside—de Forest was the prime fig-
ure in the development of radio commu-
nication in the United States.

Graduating from Sheffield Scien-
tific School. Yale, in 1899, he had
chosen for his Ph.D. thesis, “The Re-
flection of Hertzian Waves from the
Ends of Paralle! Wires.” Marcont was
then dcmonstraling his equipment in
England (where he was denounced by
Some as using the apparatus of
Lodge), Popov was experimenting be-
tween his station at Kronstadi and
ships of the Russian Navy. and
Ducretet had seni signals from the
Eiffel Tower in Paris to the Pantheon,
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4 kilometers distant. Tesla had (in
1898) actually demonstrated remote
radio control in Madison Square Gar-
den, New York City. There was
enough “wireless” in the air to fire the
imagination of the newly hatched
Ph.D., and he immediately sought em-
ployment in the communications field,
meanwhile starting to work on a de-
tector of his own, which he called the
Responder.

This first de Forest detector was
palterned on a principle described bv
the German scientist Aschkinass. A
drop of liquid (de Forest spent many
weeks trying o find the perfeet one)
between two contacts carried current
until the arrival of an clectric wave.
Then its resistance rose suddenly, due
to the breakdown of “litile trees and
bridges” of metal in the liguid. Its
great weakness was that after a time—
ranging from minutes to days—it
would “clog” and pass currenl contin-
uously.

Working in  Chicago, first for
Western Electric, then part-time as as-
sistant editor of the Wesiern Elec-
Irician and receiving some support
from a fellow-worker. Ed Smythe, de
Forest brought the Responder to a
point considered usable, and-jointly
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100th Anniversary

: WHAT WAS THE AUDION, REALLY?
what actually was this Audion,
> de Forest's most important invention?
SCHEMATIC OF THE Was it—as some say—simply an im-
FIRST AMPLIFIER ’ provernent on the Fleming valve ('‘de
evar construcled. ) ’ ; Forest inserted a third eiectrode™) or
“'Repeating coll” Is : , i . ;
an oid telsphone term ' . . was it an entirely separate invention?
for transtormer. The The answer is thal the Fleming
circul was made $0 valve and the de Forest Audion are
::’:ﬁ‘:aﬂ;dh::‘;g:: ; oo N not only two distinct inventions, but
a varlable resistor o g AN . { e belong to two difierent families of de-
shunt for phones so -\ £ ‘ tection devices. The Fleming valve is
amplttied and unam- - I ] { a rectifier. As such, it takes its place
plified signals could . e | with Fessenden’s Wollaston wire de-
be compared.
tector and the crystal detectors of
- Pickard and Dunwoody. The de For-
HUGO GERNSBACK, . ast Audion is a relay—a device that
tounder of ihis maga- uses the radio signal to frigger or
";"1'64'; :'cm::: control & greater amount of power
spacial “de Forest” Suxleld Mol ane frorafovn A, Sum fol 4 2 odiane supplied by a local source (de For-
Issue fo Dr. de Forest, Fron welel o 2bu® = o2 est's “B" battery). It belongs to the
The Jan. 1847 Issue same family as the Branly c¢oherer
m“'db‘c"“ marked Surtad Mot e Jroenlion B, Sinled vie 2 oCrarer and de Forest’'s earlier Responder.
e 40th anniversary o Huen wnted T afwnt = - ‘ Because the Audion can control
of the triode vacuum WS R0
tube. a greater amount of power with &
smaller amount, it can amplity, and
can also be made to regenerate. Os-
the first radio signal jamming, an automatic cillation and radic transmission are,
: : : of course, a product of that effect.
.are all the inventions of this man Or. de Forsst experimented for a
number of years with devices funda-
mentally similar to the Audion, using
with Smythe—took out a patent on it. sary. They jammed cach other the ionized gases of Bunsen burners.
The famous “gas mantle” incident hopelessly, and the race reports were In 1904 he turned to partially evac-
occurred during this period. Smythe transmitted to shore—wirclessly, sure uated lamp bulbs to produce the
and de Forest noted their spark dis- enough—by wig-wag flags. same ionization. It is quite possible
charge caused the gaslight to brighten, that the idea of using a lamp bulb
and devised an interesting theory to De Forest in business may have been suggested to him by
account for it. When they found it Organizing a small firm, the the Fleming valve. It is equally pos-
was simply the sound waves from the American Wireless Telegraph Co.. to sible that, since both were working
spark gap that caused the effect, de raise capital to improve his apparatus, with glass bulbs in 1904, that they
Forest refused to abandon the de Forest struggled to keep alive may have been working in ignorance
“jonized gas” theory. Finding that a  through the rest of the year. In Janu- of each other's efforts.
gas flame was, indeed, a crude detec- ary 1902 he met the first of the “busi- But even if de Forest had known
tor of wircless signals, he patented nessmen” destined to move the de of Fleming's valve, and (as an ex-
during the next several years some 11 Forest fortunes into affluence and treme case) had obtained one of
devices using ionized gas, the last one bankruptcy not once, but three tmes. themn, opened it, placed his grid in it
being the Audion. Abraham White was a highly success- and resealed it, it would still have
Having developed equipment that ful professional promotor, who was been in no sense a modification ot
would work reliably over at least four convinced there was money in the nor an improvement on the Fleming
miles, de Forest went East with the glamorous wireless field. Not as criti- valve, but a separate and indepen-
idea of covering the upcoming Inter- cal as de Forest’s technical friends, he dent invention. Lee de Forest was
national Yacht Races by wireless for asked only that the equipment show persuaded of the importance of
the Associated Press. But Marconi had up well enough to persuade investors ionized gas, found that a partly evac-
already signed a contract with them. to buy stock. Absorbing de Forest's vated bulb gave him an opportunity
After some trouble, de Forest got a company, he tormed the Amecrican de to work with ionized gas. It was a
contract from the Publishers Press As- Forest Wireless Telegraph Co., and de more reliable and rugged device than
sociation, loaded his equipment on a Forest found himself with capital 1o his earlier open flame devices. Flem-
tug, and went out to wrile 4 new page work with—plus a regular salary of ing's rectification did not enter into
. in the history of wireless. $30 a week! his calculations—in tact one of his
That new page was the discovery His first development was an ac- earliest patents on what we now
of interference. Both Maurconi and de operated spark transmitter, with a know as the Audion was entitled A
Forest had heard of tuning, but nei- “high-frequency note”” of 120 Hz, Device for the Amplification of Feeble
ther considered that refinement neces which produced a sharper and easier- Currents.”
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io-read signal than the low notes of
the dc interrupters previously used. He
then set up stations in lower Manhat-
tan and Staten Islund, and exchanged
messages between them. The Navy be-
came interested, though continuing to
depend in the main on German appa-
ratus, which could print messages out
on tape. They bought de Forest equip-
ment, both for shipboard use and to

o

PATENT DRAWINGS used to illusirate the
principles of an early vecuum-tube amplitier
patented by Dr. Lee de Forest in 1907

outfit two new stations, one at Wash-
ington and one at Arlington. This kept
the dc Forest plant working full-time
through the winter of 1902-03.

In 1903, de Furest finally suc-
veeded in reporting the International
Yacht Races by radio instead of light
waves. 1903 also saw the introduction
of wireless to Canada. The first press
station. with which the Providence
Journal kept in contact with Blogk Is-
land, and the first commerciat wireless
telegraph—between Nome, Alaska, and
Fort 8t. Michael, a distance of 107
miles—were also installed that year.

The year 1904 was even betier,
with de Forest's exhibit the main at-
traction of the St. Louis World's Fair.
and a contract for five powerful Gov-
ernment stations—at San Juan. in
Puerto Rico; Key West and Pensacola,
Florida; Guantanamo, Cuba: and Co-
len, in the future Canal Zone.

In 1906 de Forest first ran afoul
of his stock-selling associates. White
and his pals gutted the company by
ofganizing a new outfit, United Wire-
less, and transferring to it all the as-
sets and none of the debts of the
older company. Quitting the organiza-
tion in disgust, de Forest turned in all
his stock. asking nothing but the
patents on the Audion and on the

Acrophone, an arc lelephune with
which he had been experimenting. and
SEO00 in cash.

The radiophone

Orgunizing the de Forest Rudio
Telephone Co.. almost without capital,
he moved into the Parker Building,
New York City (now famous as the
birthplace of the Audion) and started
10 make radio telephones, During
1907 and 1908 he installed eyuipment
on two dozen Navy craft for a round-
the-world cruise. Because of hurried
installation and uentrained OpLrators,
results were good only in odd cases,
dceording to de Forest. But even these
results persuaded Admiral Fvans of
the value of the radiophone, and he
became a stireng supporter of it.

In 1908 the Italian government
bought four sets of equipment for use
in warships, and a little later the Brit-
ish bought two, after tests showed reli-
able communication over more than
50 miles.

Amplification and regeneration

Working on a method of record-
tng signals. de Forest found they were
often too weak to be recorded prop-
erly. One of the carliest patents on the
Audion was entitled “A Mcans for
Amplifying Feebie Currents,” and
with two assistants, Charles Logwood
and Herbert van Etten, de Forest set
about to make it earn the title. But
the Audions of that day would glow
blue and stop amplifying if more than
a few volts were applied to the plate.
Realizing that the trouble was prob-
ably wo much gas {de Forest wus still
sure that some gas was necessary for
Audion action) he had a local X-ray
manufacturer evacuate some tubes 1o
a higher vacuum. The new Audions
would take [20 volts, and were imme-
diately successful as ampliiers.

While working on the amplifier,
de Forest and his assistants one day
connected  the output of the second
slage back to the first. That historic
day. August 16, 1912, was the birthday
of feedback, regeneration and oscilla-
tion, They heard {and described in
van Euen'’s notcbook) a high musical
nete as a result of the feedback ex-
periment, and noted that it could be
varied by varying the capacitance or
inductance in the circuit. Further ex-
petiments on a day when only one
good Audion was available—showed
that the same results could be ob-
tained with a single tube—sell-regen-
eration or oscillation.

Years later, when Armstrong
clatmed the invention of regeneration,
van bEiten's notebook was the jn-
strument that proved de Forest's prior-
ity.

De Forest decided to go East and
demonstrate his new amplifier to “The
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Telephone Company” (AT&T and it
subsidiary Western Eleciric) who had
long been searching for 4 way to boost
signals on long-distance telephone lines.
He was encouraged by the attitude of
the Telephone Co. and decided to re-
main Fast. But after nearly a year of
walting, with nu money coming in from
the North American Wireless Corp.. de
Forest tound himself Htc;;lll} hroke,
with his watch in pawn,

At this ume he was approached
by a young lawyer. Sidney Mevers by
name, who said he represented parties
interested in the Audion as an ampli-
fier. He would not reveal his backers,
only pledging his “word of honor as a
gentieman.” that he did not represent
the Telephone Co, He offered $30.000.
a much smaller sum than de Forest
thought he could get for the amplifier
rights, But his company, owner of the
patents, was in a precarious position
and might find company assets, in-
cluding the patents, put up at auction
to satisfy creditors. And de Forest
himself was on the verge of starvation.
S0 he apreed, only to find a few
weeks later that his customer was in-
deed the Telephone Co., and that its
directors had allegedly been prepared
to pay as much as half a million dol-
lars for the rights he sold for $50,000.

The deal was not as bad as it has
been represented: de Forest did not
sell the Audion patent—simply the
reght to use it as an audio amplifier on
wire lines.

- 3
B .

THIS THREE-STAGE AUDION AMPLIFIER was
first bullt in 1912 by the Federal Telegraph
Co. (predecessor of ITT) during Ihe period
that de Forest waa the head of the research
departmenl. The earliest known commerclal
cascada amplitier, It had a galn of 120. R was
first demonstrated to the United States Navy
in September of 1912,

A fraud case came o trial late
In 1913. Some of the stock-jobbing di-
rectors of the company were found
guilty and sent o Federal prison. The
jury found de Forest innocent, even
though the prosecutor produced
unassailable proof that de Farest had
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claimed it would soon be possible to
send the human voice across the At-
lantic with what the prosecutor de-
scribed as “a queer little tube that had
proved worthless—not even a good
lamp!”

In 1914 de Forest ran into new
legal trouble. The Marconi Co.
charged that the Audion infringed the
Fleming valve patent, and won the
case. But the court also decided that

came the first newscaster, announcing
the results of the 1916 Presidential
election (four years before KDKA's
heralded broadcast). The High Bridge
station closed at the outbreak of
World War 1.

By 1916 the Telephone Co. had
decided it needed still more rights in
the Audion, and re-opened negotia-
tions. Finally, de Forest sold all rights
in the Audion and in radio service for

SOUTH SAN FRANCISCO STATION of the Fedaral Telegraph Co., as It appeared In 1812, The
station is fitted for duplex operation as developed by Dr. de Forest, with two identical 30-kW

transmitters taking turns on one antenna.

the Audion patent was valid as well.
The result was that neither de Forest
nor Marconi could make Audions.
The resulting confusion lasted unul
the Fleming patent expired in 1922,
and produced some absurd cffects. For
example, Marconi had licensed the
Moorehead Co. in San Francisco to
make Fleming valves. So de Forest's
company ordered Audions from
Moorehead. and sold some to Marconi!

Also in 1914, Sidney Meyers ap-
peared again—in the open this time.
The Tekephone Company was inter-
ested, he said, in securing radio signal-
ling rights in the Audion, and offered
$10,000 for such rights. More cautious
this time, de Forest asked for
$100.000. and ohtained $90,000. The
de Forest company retained the right
to manufacture Aundions “for amateur
and experimental use.”

In 1915 de Forest used the Au-
dion to make the first music synthe-
sizet, selling the patent to Wurlitzer.

Broadcasting established

In the winter of 1909-1910 de
Forest had pioneered broadcasting by
putting the Metropolitan Opera on the
air—for one performance. Now he be-
gan a regular broadcast service from
his High Bridge station. Because he
transmitted phonograph records, lent
by Columbia, he claims the litle of
world’s first disc jockey. He also be-

e A Wy R

public pay. pius rights in all patents
pending and to be filed during the
next seven years. The price was
$250,000. The de Forest Radio Tele-
phone and Telegraph Co. retained for-
eign and government rights.

This deal has not been neatly as
well publicized as the first one. All in
all, instead of $50.000, de Forest re-
ceived $390.000 for the Aundion and
developments based on it.

Broadeasting from  High Bridge
started again after the war, and de
Forest moved his station to midtown
Manhattan, where he had access to a
better antenna. The number of listen-
ers had swelled “into the hundreds”
when the station was closed by the
Federal radio inspector, Arthur Bach-
elor. The legal reason was that the
station had changed location without a
permit, but Mr. Bachelor made it
clear that interference with com-
mercial radio stations would not be
tolerated, and that “therc is no room
in the ether for entertainment.”

De Forest Phonofilm

De Forest next turned to the
movie sound field. He had already ex-
perimented with magnetic wire record-
ings synchronized with the film, but
now decided to try o put the sound
on the film itself. The worlds first
talking picture, a Swedish film called
“Retribution’ in transiation, was pro-

duced by de Forest Phonofilm in 1925.
Phonofiim had some 34 theaters
“Wired for sound” at that time, but
competition was strong and the movie
moguls moved to another system. He
retired from the field in 1929, with
only $60,000 as a settiement from one
of 'his commerical and legal com-
petitors.

To get capital for his sound-on-
film work, he had sold control of the
de Forest Radiotelephone and Tele-
graph Co. o a group of Detroit auto-
mobile capitalists. He was hired by
them as a consulting engineer, and
was able to watch the company go
downhill to ultimate absorption by
RCA. Thus the last of the de Forest
companies—like the first—finally be-
came part of RCA.

The busy period of de Forest's
life ended with sound-on-film. In the
30°s and '40’s, he experimented with
television, devising a color filter hardly
larger than the tube screen, instead of
the bulky and alarming color wheel.

In his work with television he
also developed his last important in-
vention, radial scanning, patented in
1941. He disposed of the patent to
RCA, at a lower price, he said, than
he would have if he could have for-
seen radar {only a year or so later)
and the PPI display.

Continuing to experiment and in-
vent, he again found himself not over-
supplied with funds. A contract en-
tered into in the '40's with the Bell
Telephone Laboratories supplied him
with means to equip a new laboratory
and eased his financial situation con-
siderably. In return, he was to license
Bell under all patents that might be
granted him.

Dr. de Forest remained more or
less active until his retirement in 1958,
when he was 84 years old His last
patent—on an automatic telephone
dialing device—was issued in 1957. He
wenl to France the same year, to IC-
ceive the Cross of the Legion of
Honor, which was added to a number
of earlier honors, including the degree
of Doctor of Science from both Yale
and Syracuse universities, and awards
from various learned institulions and
organizations. He dicd June 30, 1961,
after a long illness
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