Part 22. Concluding article of a historical series

whieh has covered the development of the vacuum

tube from its conception to the end of World War I.

OT long after the EVE173 tube
N was put into production the
systemm of nomenclature was
changed and German receiving tubes
were denoted by the prefix RE
== Rohre Empfanger), transmitting
tubes by RS (= Rohre Sende), and two
new prefixes came into being RG
(= Rohre Gleichrichter) for rectifiers
and RV (= Rohre Endverstarker) for
output tubes.*12
Probably the first of these tutes to
be made in any quantity, 250 per day
in 191833 was the REI1ll, shown in
Fig. 234. This tube like most of its
predecessors was used with an iron
wire ballast resistor in the filament
circuit and one of these ballast re-
sistors is also shown in the figure. This
tube had a tungsten filament of about
the same characteristics as the
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EVE173 (.55 ampere at 2.8 volts), but
operated at an anode voltage of 40 to
70 volts and had an amplification fac-
tor of 8 and mutual conductance of
120-150 micromhos, slightly higher
than that of the EVE173.314 It was a
general purpose tube.

Another general purpose tube, bear-
ing a closer resemblance to the
EVE173, was the RE16 shown in Fig.
244. This was used chiefly as a de-
tector for c.w. work.315 The extent of
its use may be gauged by the fact that
in the summer of 1918 Telefunken was
producing them at the rate of 1000 per
day.31* It had a filament which took
0.5-0.6 ampere at 4.0 volts. The usual
anode voltage was 65 and the mutual
conductance about 200 micromhos, the
internal resistance being about 24,000
ohms. This tube had about the same
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anode characteristics as the French

tube described in the preceding in-
stallment although it required less
filament power. The normal anode cur-
rent was about 1 milliampere.

Triode tubes were also made during
this period by other German manufac-
turers, among them Huth,3'¢ Seddig,?'”
and Auer.3'® Some of these tubes are
shown in Figs. 238 and 239. It will be
observed that the Huth tube shown
was of plane parallel electrode con-
struction. Earlier Huth tubes used a
cylindrical element assembly but Huth
was compelled to change to the plane
electrodes because of patent difficul-
ties. The earlier Huth tubes bore RE
numbers similar to those of Telefun-
ken, but those with plane electrode
systems were designated by LE num-
bers.319

It is during this period also that we
fin¢ considerak]z research effort being
expended in Germany on the multiple
electrode tube. It was early realized
by Dr. Walter Schottky32¢ of the Sie-
mens & Halshke Company that there
were limits to the amplification which
could be attained by the use of a triode
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and he set out to devise a tube which
would be capable of high amplification
with the low anode potentials avail-
able in Army field equipment,

Accordingly he investigated the pos-
sibility of mwodifying the high vacuum
triode by the insertion of additional
clectrodes. He patented the space
charge principle in 19153t and the
“protective network” type in 1916.#:
Ilis first patent on a multiple electrode
tube was German patent D.R P. 300617,
issued June 1, 1916, and covered a tube
designated by Schottky as a “protec-
tive network” (Scluitznetz) type. An-
other patent. D.R.P. 300192 issued
June 21, 1916. covered another double
#rid wrrangement. Patent D.R.P.
300191 for a tube having a space
charge grid in which both grids were
characterized by being composed of
strips of sheet metal placed with edges
toward the cathode was issued on Jan-
uary 24, 1917.

The first production of the multiple
clectrode Schottky tubes were tetrodes
of the protective network type, known
as the SSI, SSII, and SSIII. While the
protective network was a grid inserted
hetween the control grid and the anode
these tubes differed from the modern
“sereen-grid” type in that no attempt
was made to use the additional grid to
minimize the electrostatic capacitance
between the anode and the control
grid. This difference is relatively un-
important for low-frequency work, but
is of great importance in high-fre-
quency applications. As Schottky
himself pointed out, his tubes were
not suitable for use at high frequen-
cies.s**

The carly model and later quantity-
production type of the SS tubes are
shown in Fig. 241. Fig. 241 (left)
shows the earliest construction of this
type. The clectrode assembly was cy-
lindrical, the grids were of the ‘“squir-
reil cage” type, and a double press was
used. The clectrodes were slotted so
that it was possible to insert the fila-
ment assembly into the clectrode as-
sembly after fabricating the two sep-
arately. Fig. 211 (right) shows a sin-
gle-ended production type tube with
glass “star’ as the support of the elec-
trode system.

The SS1 was first manufactured in
1917. It had a filament which operated
with 0.4 amperc at 2.4 volts. The
anode potential was 33 volts and the
potential of the protective network
was 13 volts. \When so operated it gave
an amplification of about 50 and had a
mutual conductance of 250 micromhos.

The SSII, also known as the
RE97,*1 was a lower powered, lower
gain tube, operating with a filament
current of 0.24 ampere at 1.9 to 2.2
volts, and with 10.5 volts on both the
anode and the protective network. It
had an amplification factor of 30 and
muatual conductance of 30 micromhos.

The SSIII. also known as the RE114,
drew a filament current of 0.55 am-
pere at 3.2 volts and operated with 120
volts on the anode and 45 volts on the
protective network. It had an anipli-
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Fig. 23%

fication factor of about 100 and a
mutual conductance of 250 micromhos.
The internal resistance was about
250,000 ohms.

Tubes of the space-charge grid type
were also manufactured during this
period. Typical examples of the
smaller ones are the Telefunken RE20
and RE26, shown in Fig. 242. Both
these tubes had tungsten filaments op-
erating at 0.5 ampere at 2.8 and 4.0
volts respectively. They operated at
12 to 18 volts on the anode and space
charge grid, had an amplification fac-
tor of about 8 and mutual conductance
of about 350. Since they had 5 prong
bases they required special sockets.

Larger tubes of the space-charge
grid type were also developed and Fig.
243 shows the development series of
one such tube Figs. 243(A) and
243(B) show the early models. The
grids are of wire netting. The space
charge grid is small in diameter while

Fig. 238

Fig. 236

Fig. 237

the control grid is very close to the
anode. Fig. 243(C) shows a production
type tube of the vintage of 1919, still
with the double press, Fig. 243(D) il-
lustrates the final construction which
was put into production about 1920.
Combination space charge and pro-
tective network tubes with three grids
were also developed and some of these
are shown in Fig. 245. The tube at the
left is an experimental type with three
grids using a double press and slotted
electrodes. That at the right is a pro-
duction type similar to tke SS series.
In parvallel with the work on receiv-
ing tubes Telefunken and the other
German concerns had also been carry-
ing on the development of transmit-
ting tubes. The first of these to be
made in quantities was the RS1, shown

Fig. 239
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in Fig. 235. It gave about three watts

output when operated with 400 volts
on the anosde, in the apparatus in
which it was first used, an Army
trench transmitter. It was capable of
operation at higher anode voltages,
and at 600 to 800 volts would put out
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10 to 20 watts.?25 The RSZ and RS3
were of no particular importance. The
RS4 was a higher powered tube giving
50 to 75 watts output at 1000 to 2000
volts on the anode, and had a filament
which took 3 amperes at 9 volts. The
RSS5, shown in Fig. 236, was an RS4

Fig. 242

with improved characteristics. It took
a filament current of 3 amperes at
about 8 volts. The successor to the
RS4 was the RS17, the evolution of
which is shown graphically in Fig. 240.

All these transmitting tubes were
characterized by the excellent glass
work shown in their internal construc-
tion. This construction was common
to all of the small transmitter tubes of
early German manufacture, and is
again exemplified in the TKD ST-12
shown in Fig. 237.%:¢. This tube again
shows the effect of metal shortages.
The interior portion of the base, in
which the connecting pins are
mounted, is of wood and the shell is
of iron, with a poor nickel plate.

This series of articles has been pre-
sented to trace the development which
took place up to the end of World
War I along a particular branch of
the network of roads which led to the
modern radio tube. It has attempted
to trace the evolution from studies of
the interactions betweer heat and
electricity as pursued by the early
philosophers and by the physicists who
followed them. These limitations
have been adopted in an attempt to
report the work done in the years
where there is a dearth of readily
available published material.

In any field of human activity. books
and periodicals are published by and
for those interested. Such was the case
in the early days of radio, with which
the vacuum tube is so inextricably
bound up. Much of the widespread in-
terest in radio in the United States
may be traced to the band of eager
enthusiasts who made up the amateur
fraternity in the days before World
War I. The ham of those days spent
his spare, and often not-so-spare, cash,
burned his midnight electricity. and
experimented unceasingly to fathom
the mysteries of transmission and re-
ception. Much progress came from
interchange of ideas and experiences
with others of like inclinatior.. But
unlike the situation existing today the
facilities for such interchange were
very limited. Books and periodicals
dealing with such matters were few

(Continued on page 132)
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Saga of the Vaceuum Tube
(Continued from page 54)

and far between. Periodicals in par-
ticular were of Ilimited circulation,
aimed at the experimenter of high-
school age and pocketbook and, except
in a few cases, were not deemed of
sufficient importance to be included in
the permanent files of public libraries.
Few books were written, since the men
who were doing the work were too
busy doing it to write about it.

With the advent of broadcasting and
the great increase in adult popular in-
terest in radio there came into being a
number of widely circulated periodi-
cals, technical and popular, both here
and abroad, which published large
quantities of information on current
radio and vacuum tube development.
These were preserved in most libraries
of any size and are usually available
to the earnest student of vacuum tube
history.

For this reason little space has been
devoted to cold-cathode, cathode ray,
multi-grid, and higher powered trans-
mitting tubes, such as the silica en-
velope type made by Philips-Mullard,
the water-cooled copper-to-glass seal
type developed by Housekeeper, and
the larger radiation cooled types. In-
formation on these phases of develop-

Fig. 244

ment can be obtained from these
sources by the student or collector
who seeks information on a specific
type, and its collation and republica-
tion here is considered unjustified.
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CAPPTIONS FOIR ILLUSTIRRATIONS

Fig. 234. RE11 tube with ballust re-
sistor. Photograph courtesy Bell Tele-
phone Luboratories.

Fig. 235. Telefunken RS1. Repro-
duced from Telefunken Festschrift—
1928.

Fig. 286. Telefunken R85. Photo-
graph courtesy R. McV. Weston und
Electrical Communication.

Fig. 237. TKD ST-12 tube.

Fig. 238. Huth LE219 tube, front
and side views. Reproduced from Nes-
pers’ “Der Radio Amuateur”--192).

Fig. 289, Left—Seddig tube. Fila-
ment 0.56 aumpere at 2.8 volts. Right—
Auer receiving tube.

Fig. 240, Development of Telefunken
RS17. Reproduced from Niemann’s
“Funkentelegruphie fur Flugzeuge’—
1921.

Fig. 241. Development of the SS
(Siemens-Schottku) type tube. Repro-
duced from “Veroffentlichungen aus
dem Gebiete der Nuchrichtentechnik”
- 1935,

Fig. 242. Left RE20 tube. Right—
RE26 tube. Reproduced from Banneitz
“Taschenbuch der drahtlosen Tele-
graphie”-—1927.

Fig. 243. Developmment of the spuce
chuarge grid tube. Reproduced from
“Veroffentlichungen ans dem Geliete
der Nachrichtentechnih”—1935.

Fig. 244. REI6 tube. The top is
veiated red. Reproduced from Nes-
per's “Der Radio Amatewr”—192).
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Fig. 245. Development of the
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apart from the oscillographs which
translate light and power values to
moving graph-like lines, three moni-
toring screens. Two show the image
being picked up by the cameras. The
third is the *“output” image being fed
to the other receivers or monitors at-
tached to the direct-wire installation.

Switching relays, three simple push-
buttons, at the console permit the
operator to select which of the two
camera’s pick-up images is to be fed
to the line amplifier, or he may choose
a combination of both. To effect fades,
he slowly cuts the gain, rides it all
the way down to the light image and
then, when the image is virtually im-
perceptible, he switches images, Lap
dissolves and ghost images may also
be accomplished by shifting the light
levels.

From the engineer's control console,
the signal is fed to a line amplifier
and distribution panel. The line am-
plifier's function is to build the video
signal to sufficient volume to feed the
various monitors plugged into the dis-
tribution panel. In the department
stores which will be equipped with
many of the monitors, it may be de-
sirable to have more than one line
amplifier and distribution panel on
other floors to intensify the signal and
send it elsewhere to feed other moni-
tor units or distribution panels. Such
a system permits considerable saving
in cable required and leaves distribu-
tion of monitors more flexible.

In operation, the monitors to re-
ceive the program at any one time
can be selected at will. In the eve-
ning, after hours, the store may prefer
to feed the program to monitors on
the windows. Or it might prefer to
concentrate its television appeal to
audiences on different floors at differ-
ent hours of the day.

It will be possible for the store to

| arrange to pick up the programs

broadcast by local television stations
by use of a receiver in the studio or
by tapping a network line to bring
selected programs to the store moni-
tors or to relieve the store’s program-
ming staff at intervals.

The sound system for this television
arrangement is entirely independent
of the video system. It can be built
into the video unit or handled as an
autonomous public address installa-
tion with outlets adjacent to the mon-
itors. It is important, though, which-
ever type of sound system is used, that
the appearance of the sound coming
from the characters speaking on the
monitor be retained lest the whole
illusion of television broadcasting be
lost.
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refused. Communicate Box 429, % Radio News.

$4.50, 22
Fullwave, 1
Maximum 13
Milton Bursma. Route 3.

BLLDE Foundation Meters, 3” square, 425 Micro-
amp movement with scale marked 60 120, 150
300 AC-DC Volts, also Decibels, Ohms—S).S:-
Same in a 2” square—$4.95; 3” square, 130 Mi-

croamp movement with similar scale—$5.93. Bel-
mont Radio Supply, 1921 W. Belmont Ave., Chi-
cago 13. Illinols.

VIBRO-PLEN, Bunnel Bugs-Army J-36, some

new, some used. guaranteed good condition, $5.95;
Roller-8Smith 3%"” round meter, 8-1 Milliamp
movement, 0-4 KV scale, $4.95; Westinzhouse
21" meter. 0-200 Milllamp, $4.95: Westinghouse
oil filed condensers, 10 mike, 600 WYV, rectan-
gular can. £2.49. RBelmont Radio Supply. 1921
Belmont Ave.. Chicago 13, Ili.

LOWEST I'rices.
lists 3c.

Radio Tubes. parts. Bargain
Potter, 1314 McGee. Kansas City 6, Mo

U.8, NAVY Aircraft Surplus Control Boxes. Two
types, both for $2.00 postpaid. Radio parts worth
§10.00. Van Sickle Radio Supply. Indianapolis 6.
Indiana.
VACUUM Tube Volt-Ohmmeter, $6.95! Twelve
ranges! 6000 volts! Rillion ohms! Complete kit.
Tnbes. Instructions. Radioerafters; 166 N. Sierra
Ronita ; I’asadena, California.

SURPLUS UHF Radar Transceiver. 13 Tubes,
815 ; other items, list, 10e¢. Engineering Asso-
clates, Far Hills Branch Box 26, Dayton. Ohio,

CRYSTALS. all types. Blanks, Direct from Bra-
zil’s foremost crystal laboratorles. For details
write: Radio Cristais do Brasil, Ltda.. Rua Dr.
Satamini 81, Caixa Postal 1963, Rio de Janelro,
D. F. Brazil.

CORRESPONDENCE COURSES

USED Correspondence Courses and Edueational
Books sold or rented. Inexpensive. Money-back
guarantee. Write for Free Catalog listing 4000
bargains.— (Courses Bought,)-—Lee Mountain. Pis-
gah, Ala.

CORRESPONDENCE Courses and self-instruction
books, slightly used. Sold. Rented. Exchanged.
All subjects. Satisfaction guaranteed. Cash paid
for used courses. Complete information and 100
page illustrated bargain catalog FREE{ Write
Neison Company, Dept. 2-59, Chicago 5.

USED Correspondence courses. Educatlonal and
Techinlcal Books, bought, sold. rented. Catalog
free. FEducatlonal Exchange. Henagar, Ala.

AMATEUR radio licenses. Complete code and
theory preparation for passing amateur radio ex-
aminations. llome study and resident courses.
American Radio Institute. i0I West 63rd Street.
New York City

PATENT ATTORNEYS

INVENTORS—Before disclosing your invention to
anyone, send for Form ''Evidence of Conception’" ;
*'Schedule of Government and Attorneys’ Fees'
and instructions. Sent free. Lancaster. Aflwine
& Rommel, 414 Bowen Rullding. Washington 3.
D. C.

PATENTS SECURED. Two valuable booklets sent
free. Writc lmmediately. Victor J. Evans & Co.,
148-D Merlin Bldg., Washington 6, D. C.

RADIO EQUIPMENT

RADIO Service nten and experimenters send for
our glant radio cataiogue. Save dollars. United

Radie Co. (1ubUM} Newark, N. J _
RADIO Tubes. parts. Write for bulletin Hen
shaw. 3313 Delavan. Kansas City. Kan.

YOUR New Free Catalog is Ready! Radionic's

Catalog lists hard-to-get radlo parts and books,
All available for immediate shipment. Send today
to: Radlonic Fquipmem Co., Dept. M4, 170 Nas-

sau St., New York 7. N. Y.
RADIO NEWS
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