THE SAGA OF THE
VACUUM TUBE

by GERALD F. .J. TYNE

Research Engineer, N. Y.

Part 6. Covering the period during which Dr. Lee de Forest was at the

height of his inventive career. Many of his tnbe patents ave discussed.

N THE evolution of the vacuum
I tube the scene shifts back to

America, and to Lee de Forest.
De Forest had become very much in-
terested in wireless telegraphy while
in his senior year at Yale. Some time
after leaving Yale he went to work
for the Western Electric Company in
Chicago, and later for the magazine
“Western Electrician.” While there
he entered into active partnership
with E. H. Smythe of the Western
Electric Company. Mr. Smythe was a
telephone engineer and had several in-
ventions to his credit at that time. The
purpose of the partners was to de-

velop a new system of wireless teleg-
raphv. They first devised a new type
of detector, which they called a “Re-
sponder.” In September, 1900, while
conducting tests of the new detector,
de Forest noted that when the induc-
tion coil used in the experiments was
in operation, the gas light in the room,
which was of the Welsbach burner
type, dimmed. When the coil opera-
tion ceased, the light returned. Fur-
ther experiments made it obvious that
the variations in the air pressure
caused by the sound waves from the
spark gap of the induction coil were
what caused the dimming of the light.

But in the meantime de Forest and
Smythe were imbued with an idea that
influenced their thoughts ever after.

Smythe made a note of one of their
discussions of this phenomenon on
September 20, 1900 as follows:

In developing a hypothesis to fit the
observed effect of the inductance coil
discharge on the Welsbach light it was
suggested that the action was due to an
electrification and consequent expan-
sion of the gases of the flame.

De Forest suggested an analogy be-
tween sun-spots and their accompany-
ing magnetic disturbances and the min-
iature magnetic storm in the induc-
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Figure 38.

tance coil and its effect upon the flame,
If it should be found true that an elec-
trification of a volume of gas causes
expansion, a detector for transmitted
impulses might consist of a volume of
gas confined and provided with a sen-
sitive instrument adapted to indicating
slight changes in pressure, The im-
pulses might he made to affect the gas
directly (by confining it in a high up-
right tube) or indirectly by means of
an aerial upright conductor terminat-
ing i the receptucle. Possibly the gas
conld be made more sensitive to the
impulses by being rarefied or heated.

While the suggested method of uti-
lization was never realized, the records
arc of academic interest, and the idea
so expresscd may well have been the
foundation of the later work, by de
Forest alone, on the Bunsen burner
and rarefied gas tube, both of which
werc steps in the cevolution of the
Audion.

A student of the history of the de-
velopment of wireless during the first
decade of this century will find the
study of pertinent patent specifications
of that period most absorbing. For our
purposes at this time we shall examine
only those patents forming a definite
sequence of steps from the germ of the
idea of the heated gas detector to the
accomplished fact of the three-elec-
trode grid-type Audion. Some of these
devices were (ound impracticable. The
threc which are significant are: Patent
979,275 (application datc February 2,
1905), which is the parent Bunscn
burner patent and is important because
it is the first embodiment of the heated
gas detector; 836,070 which covers the
two-element Audion; and 879.532 (ap-
plication date January 29, 1907) which

Septeniber, 1913

covers the three-element grid-type Au-
dion.

We describe briefly twelve patents
granted to de Forest, as showing the
continuity of development of the Au-
dion. For the convenience of the
reader we have starred the significant
patents noted above.

About 1903 de Forest, having broken
with Smythe, began to search for gen-
uine response to electrical vibrations
in the gas flame. He found that the
conductivity of the Welshach burner
flame was very small for the range of
voltages at which a wireless telegraph
detector would be required to operate.
Experiments with the flame of the
Bunsen burner followed, with the con-
ductivity of the flame increased by the
introduction of salts of the alkaline
metals. This was actually the first
form of Audion. It was not a very
practical device, and de Forest thought
of it only in connection with wireless
tclegraphy.

De Forest applied, on February 2,
1905, for a patent *(U. S. Patent No.
979,275)12% on such a device and for
associated devices shown in Figure 36,
among which was one consisting of a
bulb filled with a gas (which might be
air), in which were two electrodes in-
tended to be heated by a dynamo, al-
though from the diagram given in the
patent it would seem difficult of ac-
complishment. The specification con-
tained numerous claims, and in some
cases used such vague phrases as “‘a
self-restoring constantly receptive os-
cillation responsive device comprising
in its construction a sensitive gaseous
medium.” The various items in this
specification were subsequently divided
into separate applications which issued

Figure 40.

as patents as follows: 867,876, issued
October 8, 1907; 867,877, issued October
8, 1907; and 867,878, issued February
11, 1908. This last specification claims
asymmetric conductivity in the Bun-
sen burner type detector.

His next patent specification (U. S.
Patent No. 823,402),12¢ which is for a
static valve, discloses another Bunsen
burner device, the flame of which is
rendered more conductive by the use of
salts, and this flame is also described
as having asymmetrical conductivity.
In this patent he states that positive
electricity passes more readily in one
direction through the flame than in the
other. That is, the Bunsen burner
flame acts as a rectifier, and is de-
scribed as a valve in this specification.
This specification also refers to an in-
candescent lamp type valve which
could be used for a similar purpose (as
a static valve, and refers to Fleming's
paper in the Proceedings of the Royal
Society of London!?7 for a full descrip-
tion of the physical embodiment of the
device.

De Forest’s next patent specification
(U. S. Patent No. 824,637)2% was for
an oscillation detector “of great sim-
plicity and sensitiveness.” This speci-
fication covered an invention compris-
ing a receptacle which incloses a gase-
ous medium put into a condition of
molecular activity, so that it is highly
sensitive to electrical oscillations when
two highly resistant clectrodes are
heated by an electric current. In the
specification, however, it was stated
that heating the electrodes was not
even necessary, and that the gas might
be made responsive to elcctrical oscil-
lations by heating or by any other suit-
able means, such as covering the elec-
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trodes with a radioactive substance.
This specification shows two batteries,
one to heat one electrode, the other
connected between the electrodes and
in series with a telephone receiver.

The original application was subdi-
vided into two others, which issued as
patents nos. *836,070129 and 836,071130,
The first of these covers a partially ex-
hausted receptacle into which are
sealed two electrodes, one of which
may be an ordinary incandescent lamp
carbon filament, the other a disc of
platinum or other material. Two bat-
teries were shown, as in the original
application. The gaseous medium was
to be rendered sensitive to electrical
oscillations by radiation of heat from
the incandescent electrode. (See Fig-
ure 37.) This was the two-element
Audion.

The next specification (U. S. Patent
No. 824.638)131 discloses another type
of Bunsen burner detector, in which
electrodes of platinum or carbon are
placed in the flame. It was claimed
that the passage of electrical oscilla-
tions through the gaseous medium al-
tered its conductivity.

The next patent specification (U. S.
Patent No. 837,901)132 shows an incan-
descent lamp detector having a mer-
cury-filled projection on the bulb,
which acts as a cold electrode.

This was followed by another speci-
fication (U, S. Patent No. 841,386)133
in which an oscillation detector is de-
scribed. This consisted of an evac-
uated vessel having two separated elec-
trodes between which intervened a
gaseous medium which formed the sen-
sitive element upon being heated or
otherwise rendered highly conducting.

The hybrid name “Audion” was
given to this device by C. D. Babcock,
one of de Forest's technical aids. The

Figure 41.
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name was derived from the Latin verb
awdire meaning to hear, and the Greek
derivative ion. Ion comes from the
Greek verb ienai meaning to go, and
the word “ion” had been previously
used in connection with electrolytic
phenomena to designate an atom car-
rying a charge and in motion. Hence,
“Audion,” a device to enable us to hear
electricity in motion.

The first public announcement of the
invention of the Audion was given by
de Forest at the October 26, 1906 meet-
ing of the American Institute of Elec-
trical Engineers in New York, in his
paper entitled “The Audion, A New
Receiver for Wireless Telegraphy' 134,
This paper was discussed both at this
meeting, and at a meeting in Philadel-
phia which took place two weeks later.

De Forest’s paper began by giving an
account of the Bunsen burner and elec-
tric arc experiments as the foundation
of all his work. He described his new
invention as a detector for use in wire-
less telegraphy. It consisted of a par-
tially evacuated glass bulb containing
an incandescent lamp filament, the fila-
ment being flanked by two platinum
“wings” parallel to the plane thereof
and about 2 mm. away from it on
either side. In the paper de Forest re-
ferred to three types of filaments; plat-
inum, tantalum, and carbon.

At the Philadelphia discussion, in re-
sponse to a question from H. C. Snook,
one of the members present, de Forest
stated that he was using tantalum fila-
ments entirely, that he had never been
able to use the tungsten filament, but
that he thought that it (tungsten)
might give better results than tanta-
lum. He also said that some work had
been done with filaments of the Weh-
nelt type, coated with alkali salts of
potassium and sodium, and that al-
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though their life had been short they
might yet be produced so as to be bet-
ter than the tantalum filament.

In his paper de Forest made refer-
ence to the work of Elster and Geitel
as follows:

“Elster and Geitel, beginning in 1882
a systematic investigation of the ioni-
zation produced by incandescent met-
als, frequently employed an exhausted
glass vessel containing an insulated
platinum plate, stretched close to
which passed a fine metallic filament
brought to incandescence by an electric
current.”

One of Elser and Geitel’s earlier pa-
pers “Ueber die Electricitat der
Flamme” is cited as the foundation of
their work, and de Forest then gives
a diagram of their later apparatus as
described above, taken from a subse-
quent paper published in 1887.

De Forest also made reference to the
work of Fleming with an “Elster and
Geitel” tube but stated that the action
of the Audion was quite different from
that of such a device, and that the
Audion acted as a relay rather than as
a rectifier. That this was his sincere
belief may be adduced from the state-
ments and diagrams of variations in
methods of operation, such as the use
of an external electrode connected to
the antenna (See Figure 38), and the
use of what we now know as magnetic
control, by passing the high-frequency
current through a helix of wire around
the Audion bulb (See Figure 39), or
through a flat coil brought close to the
tube with its axis perpendicular to the
tube. These arrangements involved no
metallic connections between the oscil-
latory circuit and the “wings” and
hence could not be considered as recti-
fiers. De Forest attributed the action
to the influence of the electrostatic
field in the case of the external elec-
trode, and to the electromagnetic field
in the case of the coils, on the motion
of the ions within the bulb. He also
attempted to explain the action of an
external permanent magnet on the
“flux” (space current) within the bulb.

The discussions which followed the
paper showed that the exact principle
of operation of the device was not
clear, even to de Forest. In response
to a question from Percy Thomas at
the New York discussion, as to whether
the action depended on the ionization
of the residual gases or the particles
coming from the electrodes themselves,
de Forest replied:

“I think that it is due to the ioniza-
tion of the residual gases; the gases
still exist in the lump, because the vac-
wum is only that which obtains in all
mcandescent lamps.”

In response to another question from
H. C. Snook at the Philadelphia dis-
cussion de Forest stated:

“If the exhausting process is carried
too fur, the Audion loses its sensitive
ness. The gas particles rather than the
particles of the metal dust are the car-
riers. I do not believe the dust parti-
cles are controlling at all.”

Only the day before presenting this

(Continued on page 91)
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ESCS Training
(Continued from page 25)

The first installation was bi-dimen-
sional. Its flat surface was unable to
provide an impression of depth and
perspective. With assistance from the
Officers Candidate School drafting and
visual aids department, an improve-
ment upon the basic idea has been de-
signed, and is nearing completion. This
structure, measuring twelve feet in
length, five in height and three in depth
was planned and executed by S/Sgt.
Ralph A. Vernacchia and T/5 Stanley
Elkman upon an original suggestion
from Captain Abramowitz.

Its tri-dimensional reproduction of
geographical contours,-foliage, ve-
hicles, human figures and an airplane
offer emphatic visual impact. Simu-
lated blinker lights are set on a hill-
top, in the plane itself and in the im-
mediate foreground. It is expected
that installation of this display at the
new and greatly expanded code and
traffic section will mark another signifi-
cant achievement in the rapid train-
ing of Signal Corps Radio Operators
by means of dramatic visual facilities.

Saga of Vacenum Tube
(Continued from page 28)

paper de Forest filed another patent
application (U.S. Patent No. 841.387)13%
on an arrangement entitled “Device
for Amplifying Feeble Electrical Cur-
rents.” This application disclosed an
incandescent lamp having. in addition
to the carbon or metal filament, two
metal plates scaled into the bulb. (Sce
Figure 40.) This was not new but the
external connections and method of use
disclosed were new. The arrangement
was said to depend on the electrostatic
attraction between the plate connected
to the antenna and the filament for its
operation. This application contains
the first mention of what Fleming later
termed a “split cold clectrode’ and was
the first form of the three-clectrode
Audion.

The next patent application by de
Forest was for an “Improvement in
Oscillation Detectors” of the type de-
scribed in U. S. Patents Nos. 824,637
and 836,070. This application, which
issued as U. S. Patent No. *879,532,1:4
disclosed a second cold electrode in the
form of a grid placed between the in-
candescent electrode (filament) and
the other cold electrode (plate). (See
Figure 41.) This third electrode had
actually been added to the assembly in
a laboratory test on December 31,
1906.137 This was the three-electrode
grid type Audion, although de Forest
originally applied the term to the two-
electrode arrangement,

The first public disclosure of the grid
type Audion by de Forest was made at
the Brooklyn Institute of Arts and Sci-
ences on March 14, 1907 in connecticn

September, 1913

with a paper on “The Wireless Trans-
mission of Intelligence.”

It is perhaps well that no scientist
has developed a mechanism whereby
we can see into the future. All parents
know that the first seven years of a
child’s life are serious years; years de-
manding study of this new being, not-
ing its characteristics, guiding it
through hazardous days. observing and
developing its potentialities. Yet could
de Forest have foreseen the turbulent
days ahead in the seven years follow-
ing the first disclosure of his brain-
child, the grid type Audion, he might
not have taken the trip to Brooklyn on
March 14, 1907. De Forest never
lacked courage, but the time consumed
in tireless efforts to make his contem-
poraries understand his brain-child, his
corporate troubles and desperate at-
tempts to obtain financial backing, the
endless litigation into which he was
plunged, all were a tragic waste to the
man interested primarily in the fur-
therance of wireless communication.
While other men might have cracked
under the strain of those years and
been lost in the depths of despair, to
de Forest had been given the strength

and buoyance to lose himself in his
work in moments of distress. Trouble
produced in him mental stimulation.
His brain was most productive when
his back was against the wall.

About the time of this first public
disclosure of the grid type Audion de
Forest was organizing the “De Forest
Radio Telephone Company” to develop
and market the de Forest wireless tele-
phone system. Funds for this purpose
were insuflicient and hence a subsidiary
company, the “Radio Telephone Com-
pany”’ was formed late ir the same
year to manufacture and market wire-
less apparatus on which de Forest
owned or controlled patents.

De Forest used the Audion as a de-
tector for both wireless telegraphy and
wireless telephony. Only two of the
two-element Audions were ever sold,
and these to the U. S. Navy for use at
the Brooklyn Navy Yard.1:«

Grid type Audions for use as detec-
tors were incorporated in a number
of sets of radio-telephone apparatus
sold to the U. S, Navy in 1907. When
the U. S. Fleet of "“Fighting Bob
Evans” made its memorable cruise

around the world in 1907-1908 over
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twenty vessels were equipped with such
de Forest apparatus. However, radio
telephony was so very experimental at
the time that a few years thereafter a
Naval representative reported, as if
with relief, that “all wireless telephone
sets thus far supplied, having proved
unreliable in action, have been with-
drawn from service.” 139

Since from this time on only the grid
type Audion was in commercial use, fu-
ture use of the word Audion, unless
otherwise stated, will apply to this
type bulb.

The first commercial Audions, a
photograph of one of which is shown
in Figure 42, were made with a narrow
flat plate of platinum or other metal
placed near a carbon or metal filament
in a more or less cylindrical bulb. Be-
tween the plate and filament was fixed
a grid or simple zig-zag of wire. The
plate and grid were supported on wires
sealed through the glass. These were
made for de Forest by H. W. McCand-
less & Company, 67-69 Park Place, New
York City, who were manufacturers of
Christmas-tree type incandescent
lamps.

About 1908 the filament structure
was changed to the two-filament type,
as shown in
Figure 42, the
filaments to be
used consecu-
tively, in order
to increase the
useful life of
the device.
About the same
time the bulb
: b4 shape was
f\/ , changed from
cylindrical to

spherical.tio
, This was done
i

A
| : R earlier spheri-
cal types is
shown in Figure 43, This tube was
made with a candelabra type base

at the sugges-

tion of McCand-
which was not changed till some time
later.

Figure 43.

A

less, who felt
that the spher-
ical bulb would

assembly. A
photograph of
one of the
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Figure Captions

Figure 36. The Bunsen burner pat-
ent. This was the fundamental de
Forest heated gas patent.

Figure 37. The two-electrode Au-
dion patent. Note the use of two bat-
teries, one for heating the filament,
the other for applyving positive poten-
tial to the plate.

Figure 38. The Audion with external
electrostatic control. An antenna and
ground connection is made externally
to a wire wrapped around the glass
envelope of the tube. Reproduced from
Proceedings A.I.E.E.. 1906.

Figure 39. The Audion with electro-
magnetic control. Reproduced from
Proceedings A.l.E.E., 1906.

Figure 40. The first three-electrode
Audion patent. Note the external con-
nections.

Figure 41. The grid-type Audion
patent. Note the use of the condenser
in series with the grid.

Figure 42. Early cylindrical can-
delabra-base Audion. This specimen
was probably made in 1908, since it has
a double filament. Photograph cour-
tesy Radio Corporation of Americu.

Figure 43. Early spherical bulb sin-
gle-grid, single-plate Audion. Both
filaments of this Audion are still good,
hence the projecting wire has not becn
connected to the base shell which is of
the candelabra type.

(To be continued)

R-F Converter
(Continued from page 29)

The builder who possesses a broad-
cast receiver of good quality, will
have with the addition of this con-
verter, a short wave combination
capable of giving remarkable perform-
ance. Most radio parts jobbers are
still able to supply most of the items
needed. Furthermore, inasmuch as
standard parts are used many of them
will be found in the average service
shop or experimenters, laboratory.
The use of an efficient all-wave an-
tenna is highly recommended. No
converter can work at its best unless
it terminates at a proper receiving
system.

Inasmuch as standard tubes are used
it is possible to use substitutes simply
by changing supply voltages.

-

oo

ONAN GASOLINE DRIVEN

tions work.

1882 Royalston Ave.,

Electricity for Any fJob Anywhere

ELECTRIC
PLANTS provide electricity in locations where
it is not otherwise available, and for emer-
gency and standby service for all communica-

Thousands of these reliable, sturdy Plants are
doing a winning job on all the fighting fronts
by providing electricity for communication
and other vital war tasks. Ratings from 350
to 35,000 watts. A.C. 50 to 800 cycles, 110 to
660 volts. D.C. 6 to 4000 volts. Also dual A.C.
and D.C. output models. Air or water cooled.

D. W. ONAN & SONS

=\

Details gladly fur-
nished on your present
or post-war need for
Electric Plants.

Minneapolis, Minn.
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BEFORE

DURING
AFTER

BEFORE the war SNYDER
products satisfied the nation's
peacetime Antennae require-
ments for more than a decade.

DURING these war years, use
has demonstrated the correct-
ness of design and operation
of their products. Their record
of accurate and dependable per-
formance is the basis of their
war-wide acceptance.

AFTER the war is won post-
war plans include SNYDER's
continued leadership in the
field,

ANTENNAE & ASSOCIATED PRODUCTS

MAHUFACTURING €0,

FHILACELFHIA, U % &

September, 1913

For VICTORY Buy
United States War
Bonds and Stamps

699 EAST 135th ST.
NEW YORK, N. Y,
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