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ACUUM tube development on
Vthe Continent during World War

I was carried on chiefly in France
and Germany, although the Dutch and
Russians were also active. The work
in France, as has previously been men-
tioned, was done almost entirely by
the French Military Telegraphic Serv-
ice under the able guidance of Colonel
(later General) Ferrie.

Early in the war, the French real-
ized the manifold advantages of wire-
less telegraphy as a medium of com-
munication in military work. Since
military stations, of necessity, must be
portable, the transmitters and receiv-
ers must be light weight, which neces-
sitates a minimum of power consump-
tion. The need for reliable commu-
nication under all conditions could be
met by using high power transmitters
and relatively low sensitivity receiv-
ers. Since the weight and bulk of
transmitting equipment increases rap-
idly with the requirements for radi-
ated power, this solution was not a
satisfactory one. The use of low or
medium power transmitters in con-
junction with high sensitivity receiv-
ers was much more desirable, even
necessary. To increase receiver sen-
sitivity some form of amplifying de-
vice must be used. The three elec-
trode vacuum tube was, by far, the
best device available,

In August, 1914, the French Mili-
tary Telegraphic Service instituted an
intensive development program with
a view to obtaining a vacuum tube
suitable for military applications,
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While development of a number of
types was followed, problems of sup-
ply and distribution dictated the pro-
vision of a wuniversal tube, one which
could be used as high or low frequency
amplifier, detector, or oscillator.

The design of such a tube was set-
tled upon early in the program and
quantity production was undertaken
in 1915-1916.301 It was a hard tube,
known usually as the French tube, al-
though it was also designated as the
Type S tube. There were minor vari-
ations in construction, depending on
the manufacturer. .

Fig. 224 shows one of these tubes.
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on in France and Germany during the first World War.

By GERALD F. J. TYNE

Research Eng.. New York

The element assembly was of the con-
centric cylindrical type, mounted with
the axis of the assembly horizontal.
The anode was a cylinder of sheet

" nickel, .59 inch long and .39 inch in

diameter. The filament was of pure
tungsten about .83 inch long and
when operated at the normal voltage
of 4 volts ran at a temperature of
about 2400° K. The variations in con-
struction. of models, made by different
manufacturers, were chiefly in the
helical grid structure. In the Lampe
Fotos, the grid was of .008 inch molyb-
denum wire, wound with a pitch of
.051 inch and of 12 turns, the total
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length being .63 inch. Its diameter
was about .18 inch. In the Lampe
Metal, the grid was of .011 inch diam-
eter nickel wire wound with a pitch
of .067 inch and had 11 turns, with a
total length of .75 inch. The diameter
of the helix was about .16 inch.392 The
base was usually of sheet metal with
a ceramic insert which carried the
pins. The fastening arrangement for
the pins was not a very secure one,
and they frequently worked loose in
the base. The bulb was about 2.2
inches in diameter.

This tube was operated for receiv-
ing applications at its normal filament
voltage of 4 volts, and filament cur-
rent of .6 to .8 ampere. When used
for transmitting purposes, the fila-
ment voltage was increased to 5 or 5.5
volts with consequent increase in out-
put and reduction in operating life.
The maximum perinissible anode volt-
age, when used for transmitting, was
400 volts, while anode voltages of 15
to 50 were used in receiving.

When attempts were made to uti-
lize this tube in a multistage radio
frequency amplifier, difficulties were
encountered. The amplifiers used at
that time were of the resistance-ca-
pacitance coupled type and the high
input capacitance (15 wmufd.) of this
tube limited its use to frequencies be-
low about 600 kc. This upper limit
was extended to about 1500 ke. by the
use of a modification of this tube
known to the French as the Lampe
auxz cornes, and to others as the
‘horned valve or Kamerad valve.303
One of these tubes is shown in Fig.
223, The grid and anode are sup-
ported from wires which are em-
bedded into projections on the press,
and the electrical connections are
brought to caps on the top of the bulb,
separated by a considerable distance.
This construction considerably re-
duced the tubes input capacitance.
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There were also a number of other
and higher-powered tubes of this same
general construction developed for
military transmitter applications. One
of these is the 50-watt output trans-
mitting tube shown in Fig. 225.

In Germany, the first attempts at
the use of tubes for radio work were
conducted with the von Lieben-Reisz-
Strauss tube known as the LRS Re-
lay, which was described in a preced-
ing article. The LRS Relay was em-
ployed both as an oscillator and as a
high-frequency amplifier in addition
to its originally intended use, that of
an audio-frequency amplifier. Fig. 226
shows the general arrangement for us-
ing this tube as a high-frequency am-
plifier and Fig. 227 shows a close-up
of the assembly with some of the box
covers removed.

" Fiq. 228.
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Fig. 227.

The first German high-vacuum tubes
were developed shortly before the be-
ginning of World War I and their re-
finement and improvement were
greatly accelerated by military neces-
sity. One of the first uses to which
they were put was that of listening-in
devices used to pick up enemy conver-
sations. The first of these tubes,
known as the Siemens & Halske Type
4, is shown in Fig. 228 in its various
stages of development.3¢+ It followed,
in general, the construction of the de
Forest Audion and like it was a very
inefficient device. Unlike its progen-
itor however, it was quite free from
noise and microphonic action, chiefly
because of its mechanical construc-
tion. The circular disk anode and
spiral grid were held rigidly in place
by means of glass spacers into which
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Fig. 229,

the elements were pressed. The bowed
filament operated with .52 ampere at
about 2.2 volts; the tube had an am-
plification factor of about 15 and an
anode resistance of about 120,000
ohms. It had the advantage of taking
a very small anode current, so that
the anode batteries could be small and
light.

While Fig. 228A shows the earli-
est stage of development, the tube as
actually used in field equipment, even
at this stage, was fitted with end
mountings similar to those shown in
Fig. 228B.305

Fig. 228B shows the second stage
(attained in 1916) in the evolution of
this tube. In it is shown the first step
toward the punched grid which was
finally used. The grid has been
changed from spiral to zig-zag, still
mounted in glass supports; the anode
is rectangular to conform to the
changed shape of the grid, and the fila-
ment has been changed to one parallel
with the plane of the grid and equipped
with a tensioning spring. The next
step, shown in Fig. 228C, which was
attained in 1917, utilizes a punched
grid to replace the zig-zag wire. The
final stage in this series is shown in
Fig. 228D, in which the tube has
been changed to single-ended con-
struction with a single press, and a
conventional 4-pin base employed.

Another early type, made by 4.5.G.
(Allegemeine Elektricitats Gesell-
schaft}, followed more closely the de-
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“amplifier

sign of the original de Forest Audion.
It too was double-ended and had end
fittings similar to the Siemens & Hal-
ske Type 4. In the A.E.G. tube the
hairpin shaped filament was sur-
rounded by a zig-zag grid wound on
formed glass arbors, and both filament
and grid were supported from the bot-
tom press. The anode was shaped like
an inverted U, was supported from the
upper press, and fitted rather closely
over the filament-grid assembly. This
tube was identified as the A.E.G. K3
tube, and was used in the final stages
of the A.E.G. K4 Amplifier; shown in
Fig. 229,306

The Telefunken laboratories, as dis-
tinguished from those of Siemens &
Halske and 4.E.G., had been working
on high-vacuum tubes since about the
middle of 1913 and by early 1914 had
standardized on the use of the high-
vacuum tube for radio reception.3°?

These tubes had a construction sim-
ilar to the Siemens & Halske tube de-
scribed above; that is, plane anode,
spiral grid, and bowed filament, in this
case of helically wound tungsten wire.
The EVN129 was provided with metal
plates on each side of the filament in
order to prevent the emitted electrons
from reaching the walls of the tube,
to which they might be impelled by
the magnetic field resulting from the
filament current.29s

The first application of the EVNI4
was in the EVS89 Amplifier shown in
Fig. 230. This amplifier was first pro-
duced in July 1914.3¢9 The EVNI129
was originally developed for use as a
heterodyne oscillator but was also
used as a low-powered transmitting
tube in sets of the type shown in Fig.
231, which were first made in June of
1915.. The designation EVN indicates
that the tube was intended for use in
a receiver (E = Empfanger) as an
(V = Verstdrker) at low
frequencies (N = Niederfrequenz}.310

Another tube also iritended for use
in low-frequency amplifiers was the
EVNI171, shown in Fig. 232. This tube
operated with a filament current of .5
to .55 ampere at 2.7 volts and used 80-
100 volts on the anode. It had an am-
plification factor of about 10, a mu-

Fig. 230.

tual conductance of about 100 mi-
cromhos, and an internal resistance of
about 100,000 ohms.311

By 1914 the Telefunken engineers
had decided to change over to a cylin-
drical element assembly and one of
the first of the new type tubes, in-
tended for use in the EVE211 Ampli-
fier, was designated EVE173. 'This
tube is shown in Fig. 233. It was in-
tended to duplicate the characteristics
of the EVN171 and, for a time, both
tubes were made, eventually the EVN
171 being abandoned. Like its prede-
cessors, the earlier EVE173s used
nickel in the anode and the grid. The
grid was of thin nickel ribbon with a
stiffening rib applied longitudinally.
Later production of this tube, about
1918, influenced by the shortages of
material which had developed in Ger-
many by that time, had anodes of cop-
per, and sometimes grids of copper as
well. The copper used was chemically
treated to eliminate surface impuri-
ties and make the tubes uniform in
their operating characteristics.

CAPTIONS FOR ILLUSTRATIONS

Fig. 223. French Kamerad type, in
display socket, Photograph courtesy
Bell Telephone Laboratories.

Fig. 224. French Type “S” made by
Fotos. Photograph courtesy Radio
Corporation of America. )

Fig. 225. 50 watt transmitting tube
of the Horned type. Photograph cour-
tesy R. McV. Weston and Electric
Communication. ’

Fig. 226. High-frequency amplifier
using LRS Relay. Reproduced from
“Handbuch der drahtlosen Telegraph-
ie und Telephonie” by Eugen Nesper.

Fig. 227. Close-up of LRS Relay
used as a high frequency amplifier
showing interior of apparatus. Photo-
graph courtesy Clark Historical Li-
brary.

Fig. 228. Development series of Sie-
mens & Hualske Type “4” Tube. Re-
produced from “Veroffentlichungen
aus dem Gebiete der Hachrichtentech-
nik”—1935.

Fig. 229. A.E.G. Type K} Amplifier,
showing use of type K3 tubes in last
stages. Reproduced from Zenneck-
Rukop “Lehrbuch der drahtlosen Tel-
egraphie”—1925.

Fig. 230. Telefunken EVNS8I Am-
plifier using EVN9, tubes. Repro-
duced from Zenneck-Rukop “Lehr-
buch der drahtlosen Telegraphie”’—
1925.

Fig. 231. Telefunken transmitter
made in 1915, using EVN129 tube. Re-
produced from Zenneck-Rukop “Lehr-
buch der drahtlosen Telegraphie”—
1925.

Fig. 252. EVN171 tube. Reproduced
from Telefunken Festschrift—1928.

Fig. 233. EVE178 tube. Reproduced
from Telefunken Festschrift—1928.
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ference with representatives of the
National Association of Broadcasters.
Under that system, the first channel
frequency (88.1 mc.) will be numbered
201; the second frequency (88.3 mc.)
will be numbered 202, and so on up to
and including channel number 300
(107.8 me.). This will give all FM
stations in the 88-108 mec. band, and in
probable extensions of that band, chan-
nel numbers with three digits. Incom-
plete returns from a questionnaire sent
to set manufacturers by RMA show
that all but a few manufacturers in-
tend to adopt the channel numbers.

ALTHOUGH THE RECONSTRUC-
TION FINANCE CORPORATION
expects a large assortment of surplus
handie-talkie and walkie-talkie trans-
ceivers, William L. Foss, chief of the
electronics division, says no practical
disposition of them has been devel-
oped. Contrary to general public be-
lief, these military sets cannot be used
in the proposed FCC citizens’ commu-
nity services because they were made
to transmit and receive on frequencies
assigned to and held by the military
services. Some military handie-talkies
were put on the market several months
ago, but RFC stopped all sales when
it was discovered they were of no use
to civilians.

Radio and electronie war surplus so
far declared is small, Foss reports.
About 100 million dollars worth, on
the basis of original price, has been
made available to RFC. The first sup-
ply of radio receivers, the SX-28, while
equipped to tune in the broadcast and
international short-wave bands, are
not likely to be converted into home
sets. But they may be adapted for
use by communications operators.

Radio tubes, both transmission and
receiving, are moving well from the
surplus stocks to consumers through
manufacturer-agents. The transmit-
ter tube market has been flooded, Foss
reports, and a large number of the re-

RADIO NEWS



	Radio-News-1946-02_decrypted-54
	Radio-News-1946-02_decrypted-55
	Radio-News-1946-02_decrypted-56
	Radio-News-1946-02_decrypted-130

