






























THE SAGA OF THE 

VACUUM TUBE 
by GERALD F. J. TYNE 

Research Engineer, N. Y. 

Part 3 of this series covering the Edison era, illustrating many 
of his outstanding inventions and the problems encountered. 

- 'N 1851 Professor Heinrich Buff, of 
t h e University of Geissen, pub- 

- - lished a paper 75 on the electrical 
conditions existing in flames; He came 
to the conclusion that gaseous bodies 
which have been rendered conductive 
by strong heating are capable of ex- 
citing other conductors, solid as well 
as gaseous, electrically. At that time 
the incandescent lamp was far in the 
future, and the experiments reported 
were made using two small strips of 
platinum introduced into a glass tube 
which was closed at one end. Experi- 
ments involving heating the tube even 
to the softening point of the glass gave 
a negative result, but when the strips 
of platinum were exposed to the direct 
action of the flame of a spirit lamp, a 
current flowed between the strips, the 
flow being from the hotter of the two 
strips toward the colder. 

Edward Becquerel, illustrious son of 
an illustrious father, in 1853 began a 
study of the electrical conductivity of 
gases. His method was to apply heat 
externally to a platinum tube, down 
the axis of which were stretched two 
parallel platinum wires, maintained at a 
difference of potential by a low voltage 
battery. This procedure was varied in 
some cases by using the tube as one 
electrode and a platinum rod placed 
axially in the tube, and supported at 
one end, as the other electrode. From 
his experiments with this apparatus, 
and the measuring equipment which 
had been developed by the work of the 
m e n of w h o m we have previously 
spoken, he came to the following con- 
clusions : 76. 77. 73 

(1) Gases become conductors only 
at or above t h e temperature corre- 
sponding to red heat, and as the tem- 

perature increases so does the con- 
ductivity. 

(2) At such temperatures they are 
conductors even when a low voltage is 
applied. 

(3) The relative dimensions of the 
electrodes have an effect on the con- 
ductivity of the gas, the conductivity 
increasing rapidly with the surface of 
the negative electrode. 

(,) The resistance of the gas varies 
with the applied voltage, and with the 
current through it, that is, it does not 
obey Ohm's law. 

(5) Below red heat the pressure of 
the gas has little effect, there being no 
conduction at low voltages. Above red 
heat rarefaction of the gas increases 
the conductivity. 

We know now that these effects 
noted by Becquerel were due not alone 
to the fact that the gas was heated, 
tending to produce ionic conductivity, 
but also to the fact that the electrodes 
were heated, whereby thermionic emis- 
sion was taking place. The results at- 
tained by Becquerel do not seem to be 
widely known, as little credit is given 
to him in later treatises on the con- 
duction of electricity through gases. 

Gustav Wiedemann refused to con- 
cede the possibility of gaseous con- 
duction a n d attempted 79 to explain 
away Becquerel's results by attribut- 
ing them to changes in the conductivity 
of the cement used in sealing the elec- 
trodes in place. Blondlot, in 1881, con- 
firmed 40 the results of Becquerel and 
disproved t h e contention of Wiede- 
mann. 

Fredrick Guthrie, in 1873, repeated 
Nollet's procedure of more than a cen- 
tury before, of heating iron white hot 
and testing it for discharging power 
as it cooled. He found 81 that at white 
heat an iron ball would retain neither 
a positive nor a negative charge of 
electricity, but that at red heat it could 
retain a negative charge but not a pos- 
itive one. 

The Edison Effect 
In 1879 Thomas A. Edison finally 

succeeded in "subdividing the electric 
light" when he brought the incandes- 
cent lamp to commercial practicabil- 
ity. He was still at work perfecting it 
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Fig. 9. Fig. 10. 

some four years later, when he ob- 
served and recorded the phenomenon 
which received the name of the "Edi- 
son effect." 

During his experiments he observed 
that as the time of operation of his in- 
candescent lamp increased, the light 
output was reduced by a blackish de- 
posit on the interior of the glass bulb. 

In the course of his investigations 
he noted two other things which were 
of great importance. The first was 
that there was frequently to be found 
on the glass, in the plane of the fila- 
ment, a line which was not blackened. 
The second, and this was the more im- 
portant of the two, was that the leg 
of the filament which was connected 
to the positive pole of the circuit was 
always that which "cast the shadow." 
It appeared that t h e opposite side, 
which was connected to the negative 
pole, was throwing off minute particles 
of filament material which traveled 
outwards and were deposited on the 
glass everywhere except where t h e 
glass was screened by the positive leg 
of the filament. 

In order to study this effect more 
in detail, Edison had constructed some 
lamp bulbs containing filaments and, 
in addition, small metallic shielding 
plates placed between the legs of the 
filament. He found 82 that if this plate 
was connected to the positive end of 
the filament a current would flow 
across the vacuous space, but that no 
current would flow if it were connected 
to the negative end. 

Seemingly the only use which Edi- 
son could imagine for this device was 
as an indicator to show variations of 
potential on the lighting circuit. In 
his patent application,83 filed Novem- 
ber 15, 1883, for an "Electrical Indi- 
cator," t h e lamp apparatus used is 
shown in Figure 7. In this application, 
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however, there is to be found this very 
significant clause concerning the cur- 
rent across the vacuous space -"This 
current I have found to be proportional 
to the degree of incandescence of the 
conductor or the candle power of the 
lamp." 

Probably because of the work in- 
volved in the introduction of the in- 
candescent lighting system, Edison did 
not have time to carry on further ex- 
periments. Even had he done so, and 
evolved a "valve" he would have been 
at least ten years ahead of his time. 

The publication of the "Edison ef- 
fect" aroused interest in many places. 
In the first paper printed in the first 
volume of the Transactions of t h e 
American Institute of Electrical En- 
gineers, Professor Edwin J. Houston 
gave "Notes on Phenomena in Incan- 
descent Lamps." In this paper 84 Pro- 
fessor Houston referred to the "pe- 
culiar high vacuum phenomena ob- 
served by Mr. Edison in some of his 
incandescent lamps." He then went on. 

"The question is, what is the origin 
of this current? How is it produced? 
Since we have within the globe nearly 
a complete vacuum, we cannot con- 
ceive the current as flowing across the 
vacuous space, as this is not in accord- 
ance with our preconceived ideas con- 
nected with high vacua." 

Professor Houston described another 
of Mr. Edison's experiments which ap- 
peared to throw no little light on the 
matter. The apparatus used in this 
experiment is shown in Figure 8 
(which. is Figure 3 of Houston's pa- 
per). Instead of placing the cold elec- 
trode between the legs of the filament, 
as had previously been done, he placed 
two cold electrodes as shown at `P" 
and "Pl." Edison found that if the 
galvanometer w a s connected to the 
plate "P" as shown by the solid line, a 

Fig. 11. 

Fig. 12. 

111111111111111ss . iI '611.. 1B111111111 
= "111111111411111111111 
° 75.I 
I lleelM111111111111 

111111111MBIIMMI 
° 3b.111/..111..111111 

= 51111.,1.11111111M1 

"1111111111M111111 . ae yo u x x:>u a u u ei u 
Working Voice of Limp. 

Fig. 13. 

27 

www.americanradiohistory.com


current flowed through it, but that this 
was not the case when it was con- 
nected as shown by the dotted line, to 
"Pl." Apparently the current could 
not flow around a corner. 

Among those present, and taking an 
active part in the discussion which 
followed the reading of this paper was 
Sir William Preece, who was ex- 
tremely interested in the new phenom- 
ena. He announced that he intended 
to exercise his persuasive eloquence 
upon Mr. Edison to induce Mr. Edison 
to give him one of these lamps and 
said: 

"When I go back to England I shall 
certainly make an illustration before 
our society there, and then make care- 
ful inquiry into it." 

How he succeeded and what he did 
will be seen later. 

Let us now return for a while to 
Germany. Julius Elster and Hans Gei- 
tel, beginning about t h e year 1880, 
pursued a series of investigations in 
that country. The results of these re- 
searches were reported in a series of 
articles beginning in 1882. The first 
four of these articles 85 deal with the 
characteristics of flames, particularly 
with reference to their unsymmetri- 
cal conductivity, and in part confirm 
the earlier work done along these lines. 
The fifth 'article 88 which appeared in 
1887 is entitled "On the Electrification 
of Gases by Glowing Bodies." In this, 
article experiments were described in- 
volving the use of a glass bulb, which 
could be exhausted or filled with va- 
rious gases. Across the inside of this 
bulb was stretched a platinum wire 
which could be heated electrically. See 
Figure 9. Opposite this wire, and very 
close to it, was placed a platinum plate 

suspended by a leading -out wire. The 
vacuum used was described as "t h e 
best possible -such as Crookes used in 
his famous experiments." The results 
of these experiments of Elster a n d 
Geitel indicated that "Electrified Par- 
ticles" were thrown off from the glow- 
ing wire uniformly in every direction 
and that t h e conductivity was uni- 
lateral. 

The next paper,87 published in 1889, 
is entitled "On the Excitation of Elec- 
tricity when Galvanically G1 owing 
Wires come in Contact with Heated 
Gases." In this paper various experi- 
ments were described involving t h e 
use of glowing platinum wires and 
glowing carbon filaments in exhausted 
bulbs, with cold electrodes of platinum 
placed at various distances from the 
glowing members. Mention is made of 
the fact that the . carbón filament al- 
ways excites the cold electrode nega- 
tively. The bulbs were so constructed 
that they could be 'placed within the 
poles of a-magnet of the horse -shoe 
type, and the effect of the magnet on 
the apparent conductivity of the vacu- 
ous space was noted. 

In the latter part of this paper a 
theory, first enunciated by A. Schuster, 
is used to explain the unipolar con- 
ductivity. This theory is based on the 
dissociation of the gas molecules by 
contact with the glowing. body. Ít is 
interesting to note that it this paper 
Elster and Geitel acknowledge that 
their work was made possible by a 
grant of American funds, provided by 
the Elizabeth Thompson Science Fund 
of Boston. 

The last paper of this series w a s 
published 89 in 1889 and describes fur- 
ther experiments with various other 

Fig. 14. 

tubes of the forms shown in Figure 10. 
While Elster and Geitel were con- 

ducting their investigations another 
German scientist, William Hittorf, had 
been for some time working on gaseous 
conduction. In his work Hittorf made 
use of high voltages, developed from a 
large number (2400) Bunsen cells con -. 
nected in series. This gave about 4000- 
4500 volts, with which he could ob- 
serve phenomena of the type seen in 
the days of static electricity, but which 
he could reproduce at will, and sustain 
long enough to permit of taking ac- 
curate observations. Hittorf's first pa- 
per "On the Conduction of Electricity 
in Gases" appeared 9° in 1869, his sec - 
ond-91 in 1874, his third 92 in 1879, and 
his fourth 93 in 1883. In these papers 
Hittorf describes his work on conduc- 
tion in rarefied gases, using cold elec- 
trodes. ° It is in his fifth paper, which 
appeared 94 in 1884, that we first find 
reference to the use of a cathode which 
was heated by external means. The 
apparatus used is shown in Figure 11. 
He was led to the use of this cathode 
by the difficulties he experienced with 
the evolution of 'g a s from the elec- 
trodes previously used. 

These electrodes became hot, owing 
to the high energies of the gaseous dis- 
charge and the occluded gases which 
were released impaired the vacuum 
and affected the discharge. To obviate 
this difficulty he used a cathode which 
could be maintained at a high tern - 
perature by means which were inde- 
pendent of the discharge. Hittorf's 
publications are dry, almost repulsive, 
reading and their value was buried 
deep in the mass of experimental data 
which he reported. 

T h e experiments which he per- 
formed were essentially those of Bec- 
querel, except that he used higher 
voltages a n d better vacua and was 
able to heat one electrode at a time. 
He observed that when the s p i r al 
platinum cathode was brought to or 
above a red heat, the conductivity of 
the gaseous space rose rapidly with the 
increase of cathode temperature, and 
that a similar condition was observed 
if the cathode were made of carbon. 
He noted 95 (as Becquerel h a d pre- 
viously done) that the conductivity in- 
creased as the pressure of the gas was 
lowered. 

He also noted that even with t h e 
cathode heated by means of an ex- 
ternal auxiliary battery it was neces- 
sary, in order to maintain the vacuum, 
to continuously remove, by means of 
the pump, the gases given off. He ob- 
served that the current flowed only 
when the heated electrode was used as 
a cathode, at low voltages, that is, that 
the conductivity of the space was uni- 
lateral at those voltages. In this he 
went a step further than Becquerel, 
who could not have made such an ob- 
servation s i n c e, due to his experi- 
mental arrangement, both h i s elec- 
trodes were heated. 

Having thus followed the progress 
of investigation in Germany up to 
about 1890, let us now return to Eng- 
land. Early in 1882, after the forma- 
tion of the Edison Electric Light Corn- 
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A rather odd but interesting desk set made up of Western Electric antique tubes and sockets. 

pany of London, John Ambrose Flem- 
ing (later Sir John Ambrose Fleming) 
was appointed electrical adviser to the 
company. He was thus brought into 
close touch with the many problems 
which arose in the use of incandescent 
lamps. He, like Edison, soon noted 
that when carbon lamps were black- 
ened in service there sometimes was 
found on the glass, at a point opposite 
where the filament had finally burned 
out, a lighter deposit of the black ma- 
terial than was to be seen elsewhere 
on the glass. 

This he termed a "Molecular Shad- 
ow." His first mention of it comes in 
a paper read before the Physical So- 
ciety of London on May 26, 1883.96 In 
this paper he observes that the shadow 
is found only where there is a copper 
deposit on the inner surface of t h e 
glass bulb, never with t h e ordinary 
carbon deposit. This paper was a short 
One, more or less of a summary, to pre-. 
cede a full discussion. The full discus - 
sion, . however, did not appear until 
some two years late r, on June 27, 
1885,97 which was some time after the 
discovery. of the .Edison effect had been 
announced. In this latter paper he 
notes that in some cases where only 
carbon deposit existed he observed the 
same molecular shadow as in the case 
of the copper deposit, wherever both 
legs of the filament were in the same 
plane, and the filament had burned 
out due to the development of a hot 
spot. 

Meantime Sir William Preece had 
returned from America with the fruits 
of his . "persuasive eloquence" in the 
form of some of Edison's lamps. With 
these lamps he proceeded to duplicate 
the experiments he had observed -in 
America and make quantitative meas- 
urements of the Edison effect. The 
results of these experiments were lire- 

May, 1943 

sented to the Royal Society in 1885.98 
The paper opens by describing the 

experiments he had witness e d in 
America and then goes on to describe 
his own work using Edison's lamps. It 
is in this paper that we first find men- 
tion of "blue glow" or "blue effect" 
(due to the ionization of the residual 
air) which defied explanation for a 
long time. This appeared when t h e 
lamps were operated somewhat above 
their rated voltage. In the presence of 
this blue glow, Preece observed that 
current could be made to flow not only 
from cold to hot electrode, but also in 
the reverse direction. 

He observed that the current was 
unaffected by the material of which 
the cold electrode was composed, but 
increased rapidly with increasing po- 
tential across the lamp. That is, he 
confirmed Edison's observation t h at 
this effect was proportional to the de- 
gree of incandescence of the lamp, as 
stated in his patent which had pre- 
viously been issued. 

On February 14, 1890, Fleming gave 
a Friday evening discourse before the 
Royal Institution on "Problems in the 
Physics of an Electric Lamp." 99 He 
again discussed molecular shadows 
and the reason f o r their formation. 
He also reviewed the work of Preece 
and repeated his experiments. In ad- 
dition he showed that a single Clark 
cell would cause a flow of current 
across the vacuous space if the positive 
pole of the cell was connected to the 
cold electrode, but that if the battery 
was reversed there was no flow of cur- 
rent. This was in agreement with the 
results attained by Hittorf in 1884, 
who showed that even a small voltage 
was sufficient to send a current across 
the vacuous space, provided the cath- 
ode was a high temperature and the 
positive pole of the battery was con- 

nected to the cold electrode (plate). 
Fleming also showed that if the cold 

electrode is heated to incandescence 
then the current may be made to flow, 
by the use of the external battery, in 
either direction through the vacuous. 
space. Fleming did this by means of 
the apparatus shown in Figure 12. It 
should be remembered that this same 
conclusion was reached by Becquerel, 
with somewhat poorer vacua, in 1853. 

These investigations w e r e carried 
still further and resulted in another 
paper before the Physical Society of 
London on March 27, 1896, and en- 
titled "A Further Examination of the 
Edison - Effect in Glow Lamps." 1°0 In 
this paper Fleming repeated some of 
t h e quantitative experimental work 
previously done by Preece and gave a 
curve (See Figure 13) which showed 
t h e relation between t h e potential 
across the lamps, and the current 
through the vacuous space. He also 
announced that even if alternating 
current was used to heat the filament, 
that a unidirectional current was ob- 
tained in the cold electrode circuit. 

The last important work prior to 
the application of the vacuum tube as 
a rectifier of high frequency oscilla- 
tions in wireless telegraphy is recorded 
in a paper given before the A.I.E.E. in 
February, 1897, by John W. Howell.191 
This paper was intended as a discus- 
sion of the paper by Houston, pre- 
viously mentioned. It discusses t h e 
Edison - effect phenomena which occur 
in lamps when the "blue glow" is pro- 
nounced, and states that the presence 
of the blue glow indicates the passage 
of electric current across the vacuous 
space. This paper is remarkable in 
that it is the first to show that cur- 
rents of more than a few milliamperes 
may be made to flow across the space 

(Continued on page 75) 
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substantial reason for adopting "elec- 
tronic" as an American all- inclusive 
term for radio. 

Scientists and engineers who have 
used such care in coining contem- 
porary terms as neutron, magnetron, 
iconoscope, photo, etc., when they 
realize the confusion that is now oc- 
curring will want to do something 
about it. Remember, this is the same 
type of confusion as that between 
"radio" and "wireless." 

We are not in doubt. " Radionics" is 
descriptive of the scope of this science, 
and, therefore, RADIO NEWS will use 
"radionic" in preference to "elec- 
tronic" wherever it is more descriptive. 

There may be exceptions where the 
term "electronic" is used as a trade 
name or in a direct quotation from an 
engineering paper, etc. However, with 
these possible exceptions, "radionics" 
will be used in the future by this pub- 
lication. 

RECEIVERS that will see, hear and 
print were predicted for the post- 

war era by James L. Fly, Chairman 
of the F. C. C. He said that while 
such a device may seem to be an im- 
possibility now, present developments 
appear to make the design of a com- 
bination television, facsimile and 
broadcast receiver entirely feasible. 
Said Mr. Fly, in explaining the predic- 
tion ... "There will be only one serv- 
ice, and separate television. Standard, 
F.M., facsimile services and separate 
receivers will all be washed out. I 
would conjecture that such an instru- 
ment will be based upon the best of 
the developments we have had to date 
and those that we get out of the war, 
and it will be a chain operation car- 
ried on by relay. Relay problems are 
pretty well licked now. We have been 
in the horse- and -buggy days up to 
now." 

That's quite a strong prediction, but 
it isn't as fantastic as it may sound! 

WHICH reminds us, how are so- 
called radio servicemen to be 

classified in the days to come ? What 
with new services and new techniques, 
it seems that some serious thinking 
should be done by those keenly inter- 
ested in making their living in the 
radio industry from the service stand- 
point and that they decide now as to 
which phase or portion of the art will 
offer the greatest personal appeal. 

After this decision is made it would 
be advisable to obtain as much knowl- 
edge of that field as possible. There 
will be hundreds of new radionic 
and other gadgets, new television re- 
ceivers, etc., that must be serviced 
intelligently by someone. Only by 
carefully planned study, can the serv- 
iceman of tomorrow be recognized! 

-4-1." 

S we go to press with this issue, 
we confinue the interesting task 

of preparing our June issue which we 
believe will be the most outstanding 
presentation ever made on the activi- 
ties of the various branches of Avia- 
tion Communications. Among the many 
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specially prepared feature articles will 
be included factual data by the U.S. 
Army Air Forces, Navy, Marine Corps, 
Coast Guard, Civil Aeronautics Ad- 
ministration, and the Civil Air Patrol. 
In addition, there will be a complete 
analysis of the part that the radio 
Industry is playing to supply the avia- 
tion services with vital equipment. 
Never before in our history have we 
found a closer cooperation between 
Industry and our Military Branches. 

One of the highlights of the June 
issue will be the appearance of an ex- 
act replica of the famous McElroy 
code chart which includes every known 
code, Arabic, Russian, International 
Morse, American Morse, Japanese, 
Spanish, Flag Signals, "Q" Signals, 
and many others. Printed in color - 
this chart will be well worth keeping 
by every reader of this important 
issue. 

73, OR. . .. 30 

Saga of the V.T. 
(Continued from page 29) 

at moderate voltages. Howell states 
that he had measured vacuous cur- 
rents in an ordinary carbon incan- 
descent lamp, of more than 25 amperes, 
which were sufficient to expand the 
platinum lead -in wires and shatter the 
glass. 

The effects obtained are shown in 
Figure 14, which is reproduced from 
Howell's paper. He also showed that 
in the presence of the "blue glow" the 
Edison -effect current will flow around 
corners. In the discussion of this pa- 
per, Professor A. E. Kennelly said, "It 
is interesting to observe that a vac- 
uum tube, in the broadest sense of the 
word, is capable of supplying ... con- 
tinuous currents from alternating cur- 
rents." 

Up to this time, it is to be noted, no 
one except Edison had shown any tech- 
nical application of the Edison- effect. 
It is probable that Edison did so pri- 
marily for the purpose of obtaining 
patent protection, although Frank J. 
Sprague, in a letter to William J. 
Hammer, dated December 27, 1883,102 

praises t h e arrangement as an ex- 
tremely sensitive indicator of small 
changes in voltage at t h e operating 
potential of the lamps. 

With these experiments we have 
reached the end of the pure scientific 
investigation alone in this field. In- 
ventors, making use of this knowledge, 
were responsible for the next step in 
development. 

This might naturally be expected 
with the increase in the pace of living. 
Man's rapidly increasing demands 
could not wait for complete knowledge 
before insisting upon practical appli- 
cations. Man stated his objective, and 
electrical experts proceeded to clear 
the path toward that objective. 

INDEX TO FIGURE NUMBERS 
Fig. 7. Drawing of Edison effect 

lamp. Reproduced from U.S. Pat. No. 
307031, issued October 21, 1884. 
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Coming! A NEW WORLD 

of RADIO and TELEVISION 
What Part Will You Play In It? 
(An Opportunity for Men and Women 

of All Ages) 

War has accelerated the pace of devel- 
opment in Radio and Television ... has 
opened up unheard -of fields of opportunity 
for men trained for tomorrow's New Radio 
and Television careers. 

Here, at Radio and Television Institute, 
farsighted men are working together to sup- 
ply the demand for radio television experts 
who will be needed to occupy key positions 
in a new world. 

What about you? Will you invest a small 
portion of your present earnings -a few 
hours of your time in a sound future - - 
train under experts who have kept pace with 
every modern development in Radio and 
Television? 

Call or write today! Let us prove to 
you that a career may be yours - 
with a little effort and expert guid- 
ance. 
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Fig. 8. Edison effect lamp used by 
Prof. Houston. Reproduced f r o m 
Trans. A. I. E. E. 1884. 

Fig. 9. Tube used by Elster and 
Geitel in 1887. Reproduced from An- 
nalen der Physik, 1887. 

Fig. 10. Tubes used by Elster and 
Geitel to demonstrate unilateral con- 
ductivity. Reproduced from Annalen 
der Physik, 1889. 

Fig. 11. Tube used by Hittorf to 
demonstrate unilateral conductivity. 
Reproduced from Annalen der Physik, 
1884. . 

Fig. 12. Tube used by Fleming to 
demonstrate bi- directional conductiv- 
ity as unidirectional conductivity. Re- 
produced from Phil. Mag. 1896. 

Fig. 13. Curve showing relation be- 
tween Edison effect current and lamp 
voltage. Reproduced from Phil. Mag. 
1896. 

Fig. 14. Incandescent lamp stems 
which have been subjected to space 
currents of 25 amperes. Reproduced 
from Trans. A. I. E. E. 1897. 
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Electronic Drive 
(Continued from page 12) 

similar application is that of synchro- 
nizing the speed of conveyors with that 
of a material in a plastic state as it 
emerges from an extruding machine, 
and for maintaining a fixed relation- 
ship between two or more conveyors 
which must handle the same material. 
Numerous applications of this type 
may be found in the rubber industry. 

Electrical Feed -back 
Arrangement 

Where speed regulation is an essen- 
tial factor, the electrical feed -back ar- 
rangement, utilizing a pilot generator 
with a suitable circuit, makes it pos- 
sible to hold the speed of a motor very 
nearly constant over a wide range of 
loads. 

As in the mechanical arrangement, 
a full -wave rectifier is used, but a sat- 
urable reactor instead of a movable 
core reactor varies the output of the 
voltage on the motor. 

Full Automatic Control, 
(Thy- mo -trol) 

Experience with the type of equip- 
ment just described has resulted in the 
development of the Thy- mo -trol sys- 
tem by General Electric. This control 
in combinalLn with a suitable motor 
provides a variable -speed drive. with 
features w h i c h are not ordinarily 
found in other conventional drives. 

This electronically controlled motor 
drive was not developed with the idea 
that it can or will supplant the various 
other types of mechanical and elec- 
trical drives in use today, where such 
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FTER the first applications of the 
valve to the rectification of high 
frequency oscillations, Fleming 

began to study their characteristics in 
detail. Some of the valves had fila- 
ments of tungsten. He determined the 
characteristics of the valves with vary- 
ing plate potential, this plate potential 
being supplied by a separate battery 
which had its negative terminal con- 
nected to the negative terminal of the 
filament. He found that the curves 
were different with different filaments 
and different degrees of vacua. Anal- 
ysis of the curves so obtained sug- 
gested to him another means of using 
the valve as a detector. If the plate 
potential could be adjusted to cause 
the valve to operate on the bottom 
bend of this characteristic, then the 
superimposed signal oscillation would 
produce a large change in the mean 
current through the vacuous space. 
This would mean an increase in the 
sensitiveness of the device as a detec- 
tor. 

Fleming applied on June 25, 1908, 
for a British patent on the use of an 
oscillation valve with a tungsten fila- 
ment, and showed such a valve with 
the filament operated from a high 
voltage battery, using a large series 
resistance, and the plate potential ad- 
justable by means of a potentiometer 
to obtain operation on the bend in 
the characteristic. The complete spec- 
ification of this patent was accepted 
on April 15, 1909 and a corresponding 
United States patent was obtained in 
1910.1' (See Figure 28.) 

This same bend in the characteris- 
tic had been shown by Fleming in his 
February, 1905, paper before the Royal 
Society, but no application of this 
phenomena was mentioned until the 
application for the above -mentioned 
British patent was filed. It is inter- 
esting to note that this application is 
equivalent to that described in de For- 
est's paper on the two -electrode Au- 
dion published in October, 1906, a year 
and a half before. The difference be- 
tween them lay in the fact that de 
Forest used a separate battery to sup- 
ply the plate potential, whereas Flem- 

RADIO NEWS 

www.americanradiohistory.com


ing obtained the corresponding poten- 
tials by means of a potentiometer ar- 
rangement on the higher voltage fila- 
ment battery. 

Somewhat later, in a paper 11 by 
Dr. R. S. Willows and Mr. S. E. Hill, 
there were described experimental 
Fleming valves in which a Wehnelt 
oxide -coated cathode was used. Trou- 
ble was experienced in these valves 
with loss of coating from the heating 
wires. It is not known to the author 
whether or not any such tubes were 
ever used commercially. 

In the court contest in the United 
States over the Fleming valve and the 
de Forest Audion, the attorneys for 
the Marconi Wireless Telegraph Com- 
pany . of America (the assignees of 
Fleming's U.S. patents) found it nec- 
essary, in order to make the patent 
stick, to disavow certain of the recti- 
fier claims made in the original speci- 
fication which were not limited to high 
frequency applications. 

This was necessary because in the 
use of a thermionic device as a rec- 
tifier, the Fleming utilization was an- 
ticipated by the Wehnelt valve. With- 
in these limitations the Fleming utili- 
zation patent for wireless detection 
was basic. In a practical sense it con- 
tributed little, if anything, to wireless 
telegraphy of that time. It was less 
sensitive than other known forms of 
detector, such as the electrolytic and 
crystal types, and never came into 
general use. What usefulness it might 
have had was soon overshadowed by 
the development of an electronic de- 
vice of increased sensitiveness, the de 
Forest Audion, the first practical three 
electrode thermionic tube, which will 
be treated at length subsequently. 

The Fleming valve enjoyed a brief 
revival during the early days of broad- 
casting in the United States, after the 
expiration of the Fleming patent. A 
number of types of diode were put on 
the market in this country at that 
time. Examples of these tubes are 
the "Dietzen Vacuum Tube," 14 the 
"Electrad Diode," 115 and the "Margo 
Detector, "l'° the latter two of which 
are shown in Figure 29. They had a 
rather short vogue, since they could 
neither regenerate nor amplify. 

The development of the de Forest 
Audion led to a long and bitter con- 
troversy between Fleming and de For- 
est, and finally resulted in the f a- 
mous Marconi -de Forest patent suit, of 
which more later. 

While this suit was still unsettled 
the American Marconi Company, 
probably motivated by a desire to have 
available an alternative device in case 
the decision in the suit was unfavor- 
able to them, began the development 
of a new tube. This work was done 
under the guidance of the late Roy A. 
Weagant, who was at that time chief 
engineer of the Marconi Wireless Tele- 
graph Company of America. Weagant 
used a Fleming valve type tube and 
endeavored to obtain control of the 
electron stream by means of a third 
electrode which was placed outside of 

(Continued on page 72) 
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which separates the leafy portions 
from the woody stem and crushes the 
sappy parts, the electric eye being the 
expert grader. This dehydrator would 
combine several functions into one op- 
eration. It would feed green fodder 
or other material intended for live- 
stock onto an endless belt, cut the 
plants into suitable lengths, separate, 
electronically, the leafy portions from 
the sappy stems, crush the stalks, pick 
up the layer of drying material, turn 
it upside down and deposit it loosely 
along the traveling conveyor. Soy- 
beans, alfalfa or clover are loaded onto 
this slowly moving conveyer belt. 
After passing through crushing rollers 
which pulverize the sappy stems to a 
more rapidly drying status, they are 
then carried through a heating cham- 
ber where moisture is expelled. During 
the process of drying, the temperature 
is adjusted correctly, thus avoiding 
scorching or burning the material, a 
common complaint with some driers. 
There are a succession of heat zones 
each supplied with low humidity air, 
heated to exactly the right tempera- 
ture, to attain the maximum evapora- 
tive effect for each stage of the dehy- 
drating process. The drying is con- 
ducted, in part, in an oxygen -free at- 
mosphere and in a chamber wherein 
all products of combustion are burned 
completely without smoke. 

The units of this community dehy- 
drator consist of a supporting frame- 
work; a continuous belt of two flexible 
steel bands mounted on the frame- 
work; a main boxlike structure, ex- 
tending the length of the conveyer belt 
and forming an airtight housing for 
the conveyer screen; another chamber 
which has a metallic tube and an oil 
burner for heating the material to be 
dehydrated; electronic tubes; and 
other equipment. The interior of the 
drying chamber has eight cross open- 
ings with an air intake opening con- 
trolled by a door. This series of hot - 
air discharge chambers provides an 
accurate control over the amount of 
hot gas admitted to chambers. 

The above mentioned examples of 
various applications of radionics to 
modern farming, serve to show to a 
certain extent what progress has been 
made and something of what may be 
expected in the future. No article of 
this nature would be complete with- 
out mentioning the future possibilities 
of maintenance and repair in this field. 
The many radionic devices, which are 
now available, and those which will be 
available in the future, will require the 
services of a great many trained tech- 
nicians. Men presently engaged in 
radio servicing, or kindred mainte- 
nance, will find this a profitable and 
timely field to enter. The servicing 
of the devices should do much to build 
a splendid post war business for these 
men, particularly in rural areas. 

It is important that the serviceman 
bring his knowledge up to date on 
these new devices in order that he can 
take full advantage of these new op- 
portunities. 

-El- 

Saga 

0 

Saga of Vacuum Tube 
(Continued from page 27) 

the tube, and hence might not be con- 
sidered to be within the scope of the 
de Forest patents. On December 31, 
1918, U.S. Patent No. 1,289,981 was 
issued to Weagant on a tube of this 
type."' (See Figure 30.) The Wea- 
gant Valve, as the device was called, 
was never applied commercially to any 
great extent, probably because the de- 
cision in the Marconi -de Forest suit 
was favorable to the Marconi Com- 
pany. Figures 31, 32, and 33 show 
various forms of the Weagant Valve, 
that of Figure 33 being a proposed 
commercial form of the device. The 
circuits to be used with this valve were 
similar to those used with the conven- 
tional three -electrode tube, and were 
published in a magazine article about 
the time the patent was issued.1' 

With the development of the multi - 
electrode tubes of the late 1920s and 
early 1930s communications engineers 
had available a method of obtaining 
substantial amplifications at radio fre- 

Figure 34. 

quencies. This resulted in a second 
revival of the diode for use as a de- 
tector. When the signal input to the 
detector can be made of the proper 
value, this type of detection presents 
certain advantages in the way of free- 
dom from distortion. Hence many 
modern radio receivers use such de- 
tectors. A typical detector tube of 
this sort is the RCA 6H6, which is a 
double diode detector. Study of Fig- 
ure 34 will clearly show the changes 
which differentiate this modern diode 
from its progenitor, the Fleming valve. 
These advances are in the nature of 
engineering refinements, the princi- 
ple of operation is still the same. The 
output, however, is utilized not only 
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I 

to provide the audio waveform which 
was superimposed on the carrier at 
the transmitter, but also to provide 
energy for other purposes, such as au- 
tomatic adjustment of the gain of the 
preceding radio frequency amplifier. 
This provides an audio frequency out- 
put which is reasonably constant and 
independent of the variations in the 
received signal over the operating 
range of the circuit. 

There is still another use of the 
diode on which we have not yet 
touched. This is in the field of power 
frequency rectification. In the early 
wireless receivers, even well into the 
broadcast era, dry cells or small stor- 
age batteries were used as a source 

of plate potential. Their use had its 
disadvantages. The cost was high for 
the energy which they furnished. The 
plate potential always existed, even 
though the set was not in operation, 
and might be dangerous. If heavy 
duty batteries were used, in an at- 
tempt to reduce the cost per energy 
unit, the space required for them 
might be as great as for all the rest 
of the receiving equipment. These 
disadvantages became more important 
with the trend to the higher voltages 
required for the power output tubes 
needed for satisfactory loud- speaker 
operation. 

In the case of tube transmitters, the 
plate potential was at first supplied 
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by generators. High voltage d.c. gen- 
erators are difficult and expensive to 
build and, like all rotating machinery, 
require expert maintenance. A static 
source of power for the transmitting 
tubes was much to be preferred, hence 
the power rectifier was developed. 

The first power frequency rectifier 
of the thermionic type was due to Dr. 
Arthur Wehnelt of the University of 
Erlangen, the inventor of the Wehn- 
elt, or oxide- coated, cathode. 

In 1903 Wehnelt published a paper 119 

describing a method of obtaining "neg- 
ative ions" in great quantities from 
incandescent metallic compounds. He 
used a platinum wire, or platinum 
strip, coated with calcium or barium 
oxide, as the cathode in a discharge 
tube and found that there was a strong 
emission of negative ions from the 

Fig. 35. 

cathode when it was made incandes- 
cent. He further described experi- 
ments which he made on these phe- 
nomena in other papers in 1903 and 
1904.1 

On January 15, 1904, he applied for 
a German patent 122 for the use of such 
a discharge tube, containing a heated 
cathode with these metallic oxides, as 
a rectifier for transforming single 
phase and polyphase alternating cur- 
rents into direct currents. No men- 
tion was made of any application to 
high frequency oscillations or wireless 
telegraph use. 

In 1905 he described the use of this 
device in an article 123 entitled "An 
Electric Valve Tube" and suggested its 
use for charging storage batteries, and 
for supplying potential for the direct 
operation of Roentgen tubes. This 
paper was a short summary and was 
followed by a more complete exposi- 
tion in 1906.12! In this last paper he 
showed that this valve -tube could also 
be used as a rectifier of high frequency 
currents. However, it should be -noted 
that this was subsequent to the pa- 
pers published by Fleming on the use 
of his valve as a rectifier of high fre- 
quency oscillations, and in fact Wehn- 
elt refers to Fleming's work in a foot- 
note in his article. The tube as con- 
structed by Wehnelt is shown in Figure 
35. 

There appears to have been little 
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done in this phase of diode develop- 
ment for a number of years thereafter, 
until the necessity arose for obtaining 
very high direct current potentials for 
x -ray work. The initiative in the sub- 
sequent development work along this 
line appears to have been taken by the 
General Electric Company, whose 
work will be described in a subsequent 
article. 
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Figure Captions 
Figure 28. Fleming's Later United 

States Patent, showing use of biasing 
potential on plate. 

Figure 29. Left and Center, Elec- 
trad Diode. Right -Margo Detector. 

Figure 30. Weagant Valve Patent. 

Figure 31. Left -Weagant Valve 
with outside electrostatic control ele- 
ment in position. Right -Weagant 
Valve with control element removed. 
Photograph Courtesy Radio Corpora- 
tion of America. 

Figure 32. Group of experimental 
Weagant Valves. 

Figure 33. Proposed Commercial 
Form of Weagant Valve. 

Figure 34. Modern Diode. RCA 
6H6 with cover removed. Photograph 
Courtesy Radio Corporation of Amer- 
ica. 

Figure 35. Wehnelt Rectifier for 
Three Phase Operation. Reproduced 
from Annalen der Physik -1906. 
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THE SAGA OF THE 

VACUUM TUBE 
by GERALD F. J. TYNE 

Research Engineer, N. Y. 

Part 7 of the series, covering the period during which the first 
commercial grid -type .ludion tube was manufactured for civilian use. 

1HE first public disclosure of the 
grid -type Audion was made at 

- - the Brooklyn Institute of Arts 
and Sciences on March 14, 1907 by Dr. 
Lee de Forest, in connection with a 
paper on "The Wireless Transmis- 
sion of Intelligence. 

Immediately after this disclosure de 
Forest organized the "De Forest Tele- 
phone Company" and its subsidiary, 
the "Radio Telephone Co." to manu- 
facture and market wireless apparatus 
on which he owned or controlled pat- 
ent rights. Directly thereafter the 
first grid -type Audion was manufac- 
tured for commercial use. It was 
made with a narrow flat plate mounted 
near a metal filament. Between these 
two was fixed a grid wire. 

In 1909, in order to increase the con- 
ductivity of the tube, and to enable the 
use of larger energy, the use of two 
grids and two plates, one set on either 
side of the filament, was introduced. 
These were called "double Audions" 
and were sold at a higher price.140 A 
photograph of one of these Audions is 
shown in Figure 44. Some of these 
double Audions had separate leads 
brought out from each grid and plate, 
as shown in the tube in Figure 45. 

The filament structure was changed 

Fig. 44 

in 1913 to the so- called "Hudson X" 
type developed by Dr. Walter Hudson. 
Dr. Hudson was an independent work- 
er, an avid wireless fan, who had used 
the tantalum filament type Audion, 
and found it more emissive than the 
tungsten type. However, the tungsten 
filament had a longer life, and Hud- 
son conceived the clever idea of com- 
bining both elements, by wrapping a 
short piece of tantalum wire around 
the tungsten. He induced McCandless 
to build up some bulbs of this type, 
which proved superior to the tungsten 
filament type, and were in correspond- 
ingly greater demand thereafter, even 
though sold at a higher price. A dou- 
ble grid, double plate Audion employ- 
ing the Hudson type filament is shown 
in Figure 46. The tantalum wire wrap- 
ping can be seen on the top arc of the 
filament. 

Having briefly outlined the various 
steps in the evolution of the structure 
of the earlier Audions, let us now see 
how they were made available to the 
purchaser. As far as the author has 
been able to determine the first Au- 
dions offered for sale to the amateur 
were advertised on page 288 of the 
September, 1909, issue of "Modern 
Electrics," in an advertisement by the 

Fig. 45 Fig. 46 
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Radio Telephone Company. This com- 
pany had been advertising wireless ap- 
paratus in that magazine since Jan- 
uary, 1909, but the September adver- 
tisement was the first to mention "Au- 
dion Detectors." A reproduction of 
this advertisement is shown in Figure 
47. The Audions were offered for sale 
as part of an assembly denoted as the 
"RJ4 Detector." The designation "RJ," 
meaning "Radio Junior" was adopted 
for pieces of equipment that were de- 
veloped especially for sale to amateurs, 
and distinguished from the so- called 
"professional equipment" intended for 
commercial use. 

The bulbs first sold with the RJ4 De- 
tector were spherical and contained a 
double horseshoe filament, a single 
grid, and a single "wing" or plate, and 
were fitted with a candelabra base. The 
center contact of the base was con- 
nected to the common point of the two 
filaments. The second end of one fila- 
ment was connected to the threaded 
shell of the base, and the second end 
of the other filament was brought out 
on a wire which came out just above 
the base, but insulated therefrom by a 
piece of cotton sleeving. There was a 
heavy knurled rubber band placed on 
the base, just below the line where the 
bulb emerged. The bulb was used un- 
til the first filament burned out. Then 
the projecting wire was wrapped 
around the base and held in contact 
therewith by slipping the rubber band 
over it, thus anchoring it firmly in po- 
sition. This brought the second fila- 
ment into use. The life of the aver- 
age filament was 35 -100 hours, despite 
the higher values claimed in the ad- 
vertisements. 

These detectors were regularly fur- 
nished with the regular or so- called 
"S" grade of Audion bulb which had a 
tantalum filament. An extra -sensitive 
or so- called "X" grade bulb could be 
obtained at an additional cost. After 
the development of the Hudson type 
filament, bulbs using this filament 
could be obtained in both the "S" and 
"X" grades, but at a higher price than 
the tantalum filament bulb. A typical 
advertisement offering the RJ4 and 
RJ5 Detectors for sale, and listing the 
various bulbs is shown in Figure 48. 

The RJ4 Detector consisted of a ma- 
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hogany box, in which were placed the 
flashlight cells which were used as the 
"B" battery. On the front of the box 
were two switches. The one at the left 
of the "street- light" bracket from 
which the bulb hung was a tap switch 
on the `B" battery. The one on the 
right was the "Off -On" switch for the 
filament. The filament current was 
controlled by a porcelain -based rheo- 
stat mounted on the right hand end of 
the box. Binding post connections 
were provided for the filament battery, 
the terminals of the input circuit 
(which was usually the secondary of 
a "loose- coupler "), and the telephones. 
The earlier RJ4 Detectors were 
equipped with a three -point switch for 
controlling the "B" battery voltage. 

For a long time after the Audion was 
put on sale, it could be obtained from 
the Radio Telephone Company only by 
the purchase of a complete detector 
instrument, such as the RJ4. (The au- 
thor understands, however, that audion 
bulbs were also sold by the H. W. Mc- 
Candless Company on an over -the- 
counter basis to customers who came 
looking for them.) Owners of such de- 
tectors could procure renewal bulbs 
only on the return of the old bulb at 
the time the order for the renewal was 
placed, except as noted below. The 
price of the RJ4, the cheapest of the 
RJ series of detectors, was $18, as will 
be noted from the advertisement 
shown in Figure 48. This represented 
a small fortune to many an experi- 
menter. Hence, ways and means were 
sought to circumvent the necessity of 
such a purchase. 

The only element of this detector 
which the amateur could not readily 
acquire was the Audion bulb itself. The 
rheostat, batteries, switches, etc., were 
all common articles of commerce. The 
early Audion bulbs were extremely 
fragile pieces of apparatus. In fact, 
they were popularly known as "onion- 
skins." In order to obviate the neces- 
sity of returning broken bulbs, in cases 
where accidents occurred, a renewal 
bulb could be obtained if, in lieu of 
the complete bulb, the grid and plate 
from the broken bulb were returned. 

Since the earliest bulbs had only one 
grid and plate, the return of one grid 
and plate was sufficient to permit the 
purchase of such a renewal. 

When the double grid, double plate 
Audion was placed on the market it 
became a means whereby the less plu- 
tocratic amateurs might obtain the 
coveted Audions. When one of these 
bulbs passed to its eternal reward the 
fortunate owner thereof promptly 
broke it up, returned one set of ele- 
ments for his renewal, and sold the 
other set to someone less blessed with 
this world's goods, who could then re- 
turn the second set and thus purchase 
a bulb for himself. This was such a 
common practice that old- timers will 
remember advertisements in the 
"swap" columns of the amateur maga- 
zines of that day, offering to buy and 
sell such elements. 

The first popular article on the grid - 
(Continued on page 78) 
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is the weaker of the two then 190 de- 
grees is the correct direction. 

There are several methods employed 
to give direct readings of the corrected 
bearings in which the error is already 
compensated for by mechanical means, 
the most common types employing a 
roller and cam arrangement, usually a 
flat disk has the curve plotted around 
its circumference and the cam cut out 
as per the resultant curve which is 
somewhat elliptical in shape. This, of 
course, must be calibrated in the usual 
manner and then the necessary curve 
drawn and the disk cut as required. 
As there are many variations of these 
compensation systems, details of types 
of course, vary greatly with the differ- 
ent manufacturing concerns. 
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Saga of Vacuum Tube 
(Continued from page 27) 

type Audion which the author has been 
able to find appeared in the October, 
1908 issue of "Modern Electrics." 141 

This article was written by John V. L. 
Hogan, Jr., one of de Forest's early as- 
sistants, and now a consulting engi- 
neer. In this article the statement was 
made that there were at that time six 
distinct varieties of Audion. These 
were: (1) the flame Audion, (2) the 
arc Audion, (3) the two- element 
U -wing type, (4) the external electro- 
static control type, (5) the external 
magnetic control type, and (6) the grid 
type. In this article the grid type Au- 
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dion is described in the following : 

"The grid audion is usually a 6 -volt, 
low candlepower incandescent lamp 
with a tantalum filament having a 
small platinum plate (approximately 
10 x 15 millimeters) fastened approxi- 
mately 3 millimeters from the filament 
and a grid bent from rather large (say 
number 22) platinum wire placed near- 
ly midway between the two." 

Despite the fact that the title of the 
patent on the first three -electrode Au- 
dion was "Device for Amplifying Fee- 
ble Electrical Currents," the three - 
element Audion was for many years 
used only for detection. De Forest and 
his associates are said to have at- 
tempted even at that time to use the 
grid Audion to obtain audio -frequency 
amplification, but were unsuccessful. 
It is probable that attempts to so util- 
ize it were failures because of insuf- 
ficient knowledge of the characteristics 
of the device, and the use of high fre- 
quency type coupling in an attempt 
to obtain audio -frequency amplifica- 
tion. Of course, it is probably true 
that the grid type Audion operated as 
the sensitive detector that it was, by 
virtue of its inherent amplifying prop- 
erties, but it was not used as such by 
de Forest or by anyone else in the 
United States as an amplifier per se 
until 1912, about five years after its 
development. 

Many reasons have been advanced 
to account for the fact that the Au- 
dion, throughout the first years of its 
existence was employed in radio te- 
legraphy only to a limited extent. 
"Wireless" as a commercial utility 
suffered damaging setbacks in that 
period because of sundry stock -jobbing 
schemes142 based on earning claims 
many years in advance of what was 
likely to be possible. Other reasons 
sometimes given are : that the ma- 
jority of users of wireless receivers 
were boys working as amateur experi- 
menters, to whom the high cost of Au- 
dions, previously noted, acted as a de- 
terrent to their use; that the Audion 
was erratic and little more sensitive 
than the best of the crystal detectors, 
which were quite inexpensive devices; 
and that patent litigation or the threat 
thereof prevented its use by those who 
operated ship and shore stations in 
marine service. 

De Forest, following the events of 
1912 -14, was subjected to no little criti- 
cism for having nursed the Audion 
through infancy and adolescence with- 
out discovering the full potentialities 
of the device. In considering the jus- 
tification for such criticism the follow- 
ing should be borne in mind. During 
this period the Audion came into some 
attention on the part of scientists, en- 
gineers, and the more serious wireless 
experimenters. These men also failed 
to realize the possibilities inherent in 
this Aladdin's lamp. 

Such a hiatus is not unusual in the 
development of a new device or system. 
It will be recalled that a period of 
seven years elapsed between the an- 
nouncement by Hertz in 1888 and the 
achievements of Marconi in 1895. 
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From 1906 to 1912 the de Forest com- 
panies were involved in financial diffi- 
culties, and de Forest took a job with 
the Federal Telegraph Company on the 
Pacific Coast. There he found the Fed- 
eral Company using continuous wave 
arc type transmitters, and attempting 
to transmit telegraphy at high speed. 
This development brought with it the 
problem of getting energy enough to 
make a record of the high speed sig- 
nals, for later reproduction and trans- 
cription at lower speeds. They were 
attempting to use the Poulsen telegra- 
phone as a recorder, but the energy of 
the received signals was insufficient to 
record satisfactorily. Realizing that 
what was needed was a device to 

"boost" the energy of the received sig- 
nal, deForest took up the Audion anew 
and attempted to get it to amplify. The 
problem was one of obtaining ampli- 
fication at audio frequencies. 

In the spring of 1912, de Forest ob- 
tained an assistant, H. B. Van Etten. 
Van Etten was familiar with audio fre- 
quency circuits and apparatus, having 
previously worked for the telephone 
company in New York. In May and 
June of 1912, Van Etten, under de For- 
est's supervision, started experiment- 
ing with audio frequency transformers 
with which to better interconnect a 
radio detector with receiving head 
phones. 

In July and August, 1912, they suc- 
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ceeded in getting real amplification out 
of a "double Audion." Later, while still 
trying to improve the arrangement as 
an amplifier, they got a howling feed- 
back circuit, and thus was born the 
Audion oscillator. 

De Forest then got in touch with his 
friend John Stone Stone, also a former 
telephone company employee, and 
through him arranged to demonstrate 
the Audion for use as a telephone re- 
peater. The results of this demonstra- 
tion, and the process by which the Au- 
dion was developed into a practical 
telephone repeater, will be discussed in 
a later article. For the present it is 
sufficient to say that the rights to the 
Audion for use as a telephone repeater 
were purchased by the American Tele- 
phone and Telegraph Company. 

With this transaction the Audion 
passed out of the realm of the indi- 
vidual inventor into that of the indus- 
trial research laboratory. Though de 
Forest did not know it at the time this 
was to be the final touch to the years 
of tribulation he had suffered with his 
brain -child. He thought his feet were 
firmly planted on the threshold of suc- 
cess when he saw his child being 
trained to serve a new master. But 
when the new master succeeded in de- 
veloping the child, and had groomed 
him to perform a specific task, de For- 
est's paternity was overshadowed by 
the new developments. 

Did de Forest drop his own work on 
the Audion? Not for long! 

Figure Captions 
Figure 44. First type of "Double 

Audion." This specimen has tantalum 
filament. Photograph courtesy Radio 
Corporation of America. 

Figure 45. Double Audion with sep- 
arate leads from each plate and grid. 
Photograph courtesy Bell Telephone 
Laboratories. 

Figure 46. Double Audion with 
Hudson type filament. The tantalum 
wire wrapping can be seen on the top 
arc of the filament. 

Figure 47. Reproduction of the first 
advertisement offering the Audion for 
sale to the radio amateur. Reproduced 
from Modern Electrics of September, 
1909. 

Figure 48. Advertisement showing 
RJ4 and RJ5 Detectors, and giving 
prices on various grades and types of 
Audion bulbs. Reproduced from Mod- 
ern Mechanics of February, 1915. 
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THE SAGA OF THE 

VACUUM TUBE 
by GERALD F. J. TYNE 

Research Engineer, N. Y. 

Part 8. Covering the period during which the elements of the 
triode tube were redesigned to obtain increased performance. 

HILE Fleming was working in 
England and the de Forest 
Audion was being put into use 

in the United States, important work 
in electronic research was being done 
in Continental Europe. To go back 
a little, in 1895 Roentgen announced 
the discovery of the mysterious pene- 
trating rays which, because their prop- 
erties were not at that time under- 
stood, were called "X" rays. As was 
to be expected, this announcement 
sent the European savants off into 
new fields of exploration. One of the 
earliest finds was that by Becquerel of 
the radioactivity of uranium, whose 
rays, like X -rays, produced electric 
conductivity in air and other gases by 
ionization. 

The earliest of the discoveries in the 
field of thermionic rectifiers, those of 
Arthur Wehnelt, have already been 
discussed and will not be repeated. 

At the time Fleming and de Forest 
were laying the foundations of the 
great tube art in connection with their 
work on wireless detectors, von Lieben 
in Vienna was working on the prob- 
lem of the telephone relay or ampli- 
fier. 

Robert von Lieben, the son of 
wealthy parents, was born in Vienna 
in 1878. Although he grew up in in- 
tellectual surroundings he always dis- 
liked formal education, and preferred 
to educate himself in his own way. 
Very early in life he showed an apti- 
tude for scientific investigation. At 
that time electrical engineering was a 
promising field and it beckoned to von 
Lieben. He learned the practical phase 
of this work in the Siemens- Schuck- 
ert works in Nuremberg, and then 
went to the University of Goettingen 
for physical and chemical research, 
under the renowned chemist, Nernst. 

Returning from Goettingen in 1903 
von Lieben set up his own physical 
laboratory in his parental home. Dur- 
ing the years 1905 -1910 he developed 
the "amplifying relay" with which his 
name is associated. With the aid of 
his father he purchased a telephone 
factory in Olmutz (Moravia). This 
concern brought him into association 
with Eugen Reisz. Von Lieben was 
much intrigued With the idea of pro- 
ducing a telephone relay. His former 
professor, Nernst, said of him "No 
problem impressed him so much as the 
construction of the telephone relay, or 
more commonly expressed, a device 
which is capable of amplifying with- 
out distortion small changes in electri- 
cal currents ".143 

In his Vienna laboratory in 1905 von 
Lieben checked Wehnelt's experiments 
with the oxide -coated cathode, and re- 
membering the cathode -ray beam ar- 
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rangement used by Braun* in 1897,144 
hit upon the idea of constructing a 
telephone relay using this combination. 
He started by controlling the rays 
magnetically, although electrostatic 
control of the cathode -ray beam was 
known at that time. His work soon 
produced results, and on March 4, 1906 
he applied for a German patent145 on 
a device which he called a "Cathode 
Ray Relay." The object of the inven- 
tion was to enable current variations 
of small energy at the input terminals 
to release current variations of greater 
energy at the output terminals, with 
frequency and waveform correspond - 
ing to that of the input. The patent 
states that the device is particularly 
suited to telephone applications such 
as "relaying of speech to great dis- 
tance, cable telegraphy, wireless te- 
lephony, strengthening-of ,speech, etc." 

The diagram given in the patent is 
shown in Figure 49. It shows mag- 
netic control of the cathode rays, but 
the patent states that either electro- 
magnetic or electrostatic control may 
be used. 

In this tube, which was described 
as "highly evacuated," von Lieben used 
a cathode which was in the form of 
a hollow mirror, covered with calcium 
oxide. This cathode was described as 
being heated by the battery "b1 ". The 
hollow mirror focused the cathode 
rays on the inner of two concentric 
cylindrical anodes "f" and "fl ", 
through the aperture "o ". The focus 
of the rays was altered by the input 
current flowing in the magnetic field 
coils "e ", which caused more or less 
of the cathode rays to impinge upon 
the inner cylinder and thus vary the 
inner anode current, which also flowed 
through the load device "a1 ". The 
battery "b" provided the energy in the 
anode circuit. 

Even before this von Lieben patent 
was published two other men, Max 
Dieckmann and Gustav Glage of Stras- 
burg, applied on October 10, 1906, for 
a patent146 on another type of cathode 
ray relay which they claimed was 
capable of giving an output absolutely 
proportional to the input. In their 
patent application reference was made 
to the von Lieben arrangement. 

Several possible structures were 
shown in the diagrams forming a part 
of the Dieckmann and Glage patent. 
These diagrams are reproduced in Fig- 
ure 50. The cathode was a plane and 
said to be "conveniently treated in or- 
der to facilitate the emission of elec- 
trons," and the aperture in the dia- 
gram "a" was used to obtain a "sharp- 
ly defined bundle of cathode rays of 
comparatively large, preferably rec- 
tangular cross -section." The axes of 
the deflecting coils were placed at 
right angles to the direction of flow 
of the cathode rays, unlike the von 
Lieben arrangement in which the 
magnetic field was parallel to the 
cathode -ray beam. The magnetic field 
in the Dieckmann and Glage device 

This Braun tube was the first embodi- 
ment of the cathode -ray oscillograph tube, 
the development of which will be the sub- 
ject of a subsequent article. 

November, 1943 

acted to deflect the cathode -ray beam 
from side to side, instead of altering 
the focus, as von Lieben's did. By 
means of this deflection more or less 
of the beam could be caused to fall on 
the center or side plates, and the cur- 
rents in the individual anode circuits 
could thus be modulated. 

This relay had the elements of the 
modern "electron gun" and the con- 
figuration shown in the middle figure 
was even capable of "push- pull" op- 
eration, provided the proper auxiliary 
apparatus was used at "X ". The patent 
also states that the longer the distance 
from the diaphragm to the screen the 
greater would be the sensitivity, but 

that the shorter the distance the lower 
the operating voltage required. The 
structure shown in the bottom figure 
of the patent was given to illustrate 
how the electrodes might be arranged 
so as to keep the electron path free 
from the influence of interfering phe- 
nomena. Hence the device may also 
be said to be self -shielded. Whether 
the electron emission was obtained by 
heating the cathode or not is not 
stated. 

About the same time (1908) Otto 
von Baeyer of the University of Ber- 
lin described147 a three -electrode tube 
consisting of a central filamentary 
cathode rendered incandescent by a 
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battery, surrounded by a cylinder of 
wire gauze, which in turn was sur- 
rounded by a cylindrical sheet metal 
anode. The whole was contained in a 
cylindrical glass tube which was par- 
tially evacuated, to a pressure of 
about 0.01 mm. mercury. This struc- 
ture resembled that of some of the 
triodes which were still years in the 
future. Von Baeyer used this device 
to measure the ionization produced by 
cathode rays emitted from the fila- 
ment. For this work the inner gauze 
cylinder was operated at a potential 
positive to the cathode and the outer 
cylinder at a potential negative to the 
cathode, in order to collect on the 
outer electrode the positive ions pro- 
duced by the cathode rays in their pas- 
sage through the space between the 
gauze electrode and the outer cylin- 
der. Had the potentials been reversed 
the tube would have been an amplifier. 

In the meantime von Lieben con- 
tinued to strive for a better telephone 
relay. He was hindered in this work 
by extensive illness. While serving his 
year of military duty he had been 
catapulted from a horse onto a 
wooden fence, sustaining injuries to 
his chest. This later resulted in a 
glandular abscess which eventually 
brought about his death in 1913, at the 
early age of 35. 

Reisz did most of the later develop- 
ment work on the cathode -ray relay, 
although several important details of 
later designs148 are due to von Lieben, 
who was very active despite the severe 
pain due to his physical condition. 
Later these two were joined by Sig- 
mund Strauss, and subsequent Ger- 
man patents on the cathode -ray relay 
were issued to all three jointly. 

The next development of von Lie - 
ben, Reisz, and Strauss is covered by 
German patent D.R.P. 236716140, which 

bears the' application date of Septem- 
ber 4, 1910. The diagram of this pat- 
ent is reproduced in Figure 51. It 
will be noted that the structure bears 
much resemblance to that disclosed by 
Dieckmann and Glage in the patent 
previously discussed. The current to 
be amplified flows through the coils 
"a" and the magnetic field thus set up 
acts on the cathode ray stream. This 
is described as causing changes in the 
ionization of the attenuated gas in the 
open space between the plates "e" and 
"f ". The diaphragm "B" is used to 
screen the cathode rays in such a way 
as to prevent their striking the plates 
"e" and "f ". The load device is shown 
as a telephone in the circuit composed 
of the generator "Q ", telephone "t ", 
plates "e" and "f ", and the ionized 
space between the plates. Note that 
the hollow mirror type of cathode is 
still retained. No method of heating 
the cathode is shown, but the patent 
specification states that: 

"The material used and the 
temperature of the cathode "K ", 
as well as that of the gas in the 
discharge tube are so chosen that, 
with comparatively small poten- 
tial difference, emission of the 
cathode stream results." 

Note also that the inventors have 
abandoned the "high vacuum" referred 
to in the previous patent, and now 
speak of ionization of the attenuated 
gas. 

"The difficulty of producing the hol- 
low mirror cathode, the non -uniform 
emission of the cathode rays from the 
glowing oxide, and particularly the 
difficulty of maintaining a constant 
vacuum in the discharge tube were 
the main reasons" which motivated 
further development of the 1906 de- 
vice148. From D.R.P. No. 236716 de- 
scribed above it will be seen that the 
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difficulties related to the "high vac- 
uum" were overcome by the utiliza- 
tion of the ionization of a rarefied gas 
instead of depending on pure thermi- 
onic emission. 

The next patent issued to these in- 
ventors was German patent D.R.P. No. 
249142150. It bears the application date 
of December 20, 1910, and is described 
as a supplement to D.R.P. No. 236716. 
In this specification, reference is made 
to the work of de Forest and his use of 
an "auxiliary cathode" in the form of 
a sieve or grid. Concerning de Forest's 
device the statement is made that "the 
currents to be magnified were led 
through the cathode and said electrode 
(grid or sieve) ". 

This statement would seem to indi- 
cate that von Lieben and his associates 
recognized the Audion structure to be 
an amplifier, even though de Forest 
himself had been unable to make it 
perform this function. 

The invention, referred to in this 
patent, (D.R.P. No. 249142) is de- 
scribed as a modification of the one 
shown in the previous patent (D.R.P. 
No. 236716). The modification con- 
sisted of the use of electrostatic con- 
trol by means of an auxiliary elec- 
trode to produce the variations in the 
amplified current, instead of using the 
variable ionization previously ob- 
tained by electromagnetically bending 
the cathode -ray stream. This auxili- 
ary electrode is described as a "grid, 
grating, or mesh" so constructed that 
it "perfectly divides the cathode space 
from that of the anode ". See Figure 
52. The effect of this auxiliary elec- 
trode is said to be that of modifying 
the resistance of the space between 
the cathode and the anode. This re- 
sults in variations of the anode cur- 
rent corresponding to chá.nges in the 
resistance of the space. 

It will be observed that there is 
provided, in the potentiometer "c" a 
means of adjusting the steady state 
potential of the grid. Concerning this 
adjustment the patent says: . 

"The adjustable potential thus 
brought to bear on H, has been 
found to be of the greatest impor- 
tance in the successful operation 
of the relay, because a proportion- 
al variation of resistance of the 
gas discharge tube happens only 
at a certain definite value of po- 
tential difference, and this depends 
on the gas pressure and tempera- 
ture of the cathode, etc." 

Figure 53 shows a von Lieben tube of 
this type, made in 1911. 

The diagrams show, in all but one 
case, a ribbon cathode looped back and 
forth in the manner of an incandes- 
cent lamp filament of that time. This 
ribbon is oxide -coated, and is heated 
by a battery. In one suggested form, 
not shown in Figure 52, the hollow 
mirror cathode and external magnetic 
control are retained. 

Mention has been made above of the 
reference in this patent specification 
to the work of de Forest, and the rec- 
ognition by von Lieben of the potential 

(Continued on page 58) 
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anode current 10 -15 milliamperes, and 
the cathode heating current was about 
2 amperes. The amplification factor 
was approximately 33, and a useful life 
of 1000 -3000 hours was claimed. 

In the earlier LRS Relays the bulb 
was about 18 inches high and had 
maximum diameter of about 4 inches. 
Later a smaller bulb about 8 inches 
high, with corresponding reductions in 
the other dimensions, was made.155 
There were two types of bases. In 
one of these all connections were made 
through bayonet pins which were so 
arranged that the tube would not be 
inserted in an incorrect manner into 
the socket used. Figure 56 shows a 
specimen of the larger LRS Relay, 
with a base of this type. Figure 57 
shows the same type of tube but with 
a different base. 

The LRS Relay was used for a time 
as a telephone repeater in Germany, 
but was never satisfactory. It had 
several disadvantages. It was, like all 
ionization devices, undesirably noisy. 
The filament was subject to bombard- 
ment by the positive ions of the mer- 
cury vapor, which tended to knock off 
the oxidé coating. Variations in the 
operating characteristics caused by ex- 
ternal influences, such as temperature 
changes, were excessive. It was very 
sensitive to extraneous voltages which, 
if very great, caused paralysis of the 
tube. Most of these disadvantages are, 
however, common to all devices which 
employ mercury vapor. The introduc- 
tion of this vapor had the effect of 
reducing the internal impedance of the 
device, and permitting the use of larg- 
er anode currents than had previous- 
ly been obtained in vacuum tubes. It 
also simplified the design of the neces- 
sary auxiliary apparatus, such as in- 
put and output transformers. 

When the LRS Relay was in opera- 
tion the upper portion of the bulb, 
above the perforated intermediate 
electrode (grid), was filled with the 
blue glow of the ionized mercury 
vapor, except for a dark space just 
above the grid. This tube was usually 
operated with a positive potential on 
the grid, which was adjusted by means 
of a potentiometer. The most satis- 
factory functioning was usually ob- 
tained when the grid potential was ad- 
justed so that the dark space extended 
from 1 to 2 cm. above the grid.156 Some 
of these tubes had a graduated scale 
etched on the side of the glass bulb, 
extending upward from the grid. This 
was probably used as a guide in ad- 
justing the height of the dark space. 

The LRS Relay was made in two 
sizes, as has been noted before, and 
also in two types. One type had the 
electrode construction described above, 
the other was similar except that the 
perforated aluminum disc used as a 
control element was replaced by a fine 
wire -mesh grid.157 It is not known to 
the author whether both types were 
made in both sizes or not. The tube 
with the fine mesh grid was intended 
for use as a "weak current" amplifier, 
and the other type, although similar, 
as a "strong current" amplifier. 

Some of the difficulties which were 
experienced in the use of this amplifier 
in practice were overcome by enclos- 
ing the tube in a temperature regula- 
tor, as shown in Figure 58. This ar- 
rangement was made the subject of a 
German patent in 1914.158 It was a 
makeshift solution, however, which 
only partially overcame the difficul- 

Fig. 58. 

ties. A short time later the Telefunken 
Company abandoned the gaseous tube 
and brought out a smaller tube with a 
tungsten filament, and a high vac - 
uum.159 This and later German high 
vacuum tubes will be treated in a sub- 
sequent article. 

It is interesting to note, in passing, 
that von Lieben and his gaseous ion- 
ization tube have been honored by the 
Austrian Government by being pic- 
tured on a postage stamp. The stamp 
is one of the Charity Series of Com- 
memorative Semi -Postals, issued in 
1936. (Scott No. B131) 

Concerning the work done in ther- 
mionics in other parts of Europe, the 
author has been able to find record of 
only two cases of such activity. The 
first is that of Eric Magnus Tigerstedt 
of Copenhagen, who, in 1914, obtained 
a German patent (D.R.P. No. 314085) 160 

for a "relay for undulatory currents." 
A United States Patent covering the 
same device, and bearing the applica- 
tion date October 19, 1916, was issued 

VoltirOtflsrÌ 

Fig. 59. 

to Tigerstedt in 1917.161 The invention 
was described as "a relay for undula- 
tory currents comprising an airtight 
evacuated container, an anode mounted 
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therein, a perforated auxiliary elec- 
trode arranged inside said anode, a 
cathode arranged inside said auxiliary 
electrode and adapted to be heated by 
an electric current, and a mantle con- 
sisting of a magnetically and electric- 
ally conducting substance surrounding 
said container." - 

Figurè 59, which is reproduced from 
this U. S. Patent, shows the Tigerstedt 
tube in a circuit arranged for tele- 
phone amplification. The spiral wire 
"e" is the anode, the perforated cylin- 
der "i" is the grid, and the zig -zag ele- 
ment "b" is the cathode. The effect of 
the external electrostatic and electro- 
magnetic influences was said to be re- 
duced by the concentric element struc- 
ture, and by the enclosing "mantle." 
This is the first instance the author 
has been able to find of the use of a 
shield on the tube itself. 

The other activity was that of Qui- 
rino Majorana of Rome, who devised a 
modification of the de Forest Audion, 
which he described as an "Electronic 
Deviator." He obtained a German 
patent (D.R.P. No. 281014)162 on this 
device, which he described in a note 
to the Accademia dei Lincei in 1912.163 

The Majorana Electronic Deviator 
is shown in Figure 60. It is similar in 
construction and dimensions to the de. 
Forest Audion, except for the grid. 
The de Forest grid was replaced by 
two comb -shaped electrodes with their 
prongs alternating in the same plane. 
This was the first use of co- planar 
grids, as far as the author has been 
able to determine, and we do not find 
it again for twenty years. Majorana's 
device was intended for use as a wire- 
less detector, but its possible use as a 
telephone relay was suggested by Max 
Ikle.164 

While we are concerned only with 
factual material on the evolution of 
the vacuum tube, at this point an ob- 
servation might be made, in passing, 
on the difference between the ap- 
proach to the work done in America, 
and the approach to the work done 
abroad -during this period. 

The inventors in America, de Forest 
and his associates, struggling to make 
and use vacuum tubes, did not actually 
understand the theory of such devices. 
They were trying out gadgets to solve 
their problems with wireless, and by 
the process of elimination were turn- 
ing out truly remarkable devices 
which, when perfected by our applied 
scientists, opened the door to modern 
communications. 

In contrast to this we have seen how 
abroad the pure scientists had worked 
for many years on the mechanism of 
electrical conduction through gases, 
and had built up a background of vac- 
uum tube information and technique. 
Then the inventors stepped into the 
picture, and by adapting certain lab- 
oratory techniques, produced a cath- 
ode -ray type of amplifier tube. This 
line of development eventually pro- 
duced not only a telephone amplifier, 
but the cathode -ray tube so essential 
to the television of today. 

We have also seen how confused was 
the picture, both in Europe and in 
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America, on the question of gaseous 
conduction versus pure electron dis- 
charge operation. This condition ex- 
isted until the accumulated scientific 
knowledge of electronics was brought 
to bear directly and to the fullest ex- 
tent on the practical problems of the 
utilization of these inventive advances. 

With the work reported in this and 
previous articles, evolution of the 

Fig. 60. 

vacuum tube advanced from the in- 
vention stage to that of industrial de- 
velopment. In the succeeding article 
we shall show how this development 
progressed in the largest communica- 
tion laboratory in America, that of the 
Bell System. 
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462 -468. 

Captions for Illustrations 
Figure 49. Von Lieben high vacuum 

cathode ray relay of 1906, using mag- 
netic field for beam defocussing. Re- 
produced from D.R.P. Nr. 179807. 

Figure 50. Dieckmann and Glage 
cathode ray relay of 1906, using mag- 
netic deflection of cathode rays. Re- 
produced from D.R.P. Nr. 184710. 

Figure 51. Von Lieben gaseous cath- 
ode ray relay of 1910, using magnetic 
deflection of cathode rays acting as 
"ionizer." Reproduced from D.R.P. 
Nr. 236716. 

Figure 52. Von Lieben gaseous cath- 
ode ray relay of 1910, using electro- 
static control of cathode rays. Repro- 
duced from D.R.P. Nr. 249142. 

Figure 53. Photograph of Von Lie - 
ben gaseous cathode ray relay made in 
1911. Reproduced from Archiv fur 
Geschichte der Mathematik, 1931. 

Figure 54. Von Bronk arrangement 
for using the de Forest Audion as a 
high frequency amplifier. Reproduced 
from D.R.P. Nr. 271059. 
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From deep within the transparent beauty of 
Mother Quartz comes a thin radio -active 
crystal. When diamond -cut and perfectly 
fashioned it keeps frequency constant in spite 
of mechanical maladjustment - controls the 
destiny of our vital war communications! 

Scores of scientific steps go into the finishing 
of each crystal -the kind of precision work- 
manship you'd expect of Wallace Craftsmen 
-the kind you'll find in Wallace Peace -time 
Products. 

Wm.T.WPLLAE MFG. ED 
General Offices: PERU, IfDIAilA 

Cable Assembly Division: ROCHESTER, II1DIAf1A 
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Figure 55. Von Lieben mercury va- 
por repeater tube in final form. Re- 
produced from D.R.P. Nr. 264554. 

Figure 56. Large size LRS Repeat- 
er, with perforated sheet aluminum 
grid and pin type base. Photograph 
courtesy Bell Telephone Laboratories. 

Figure 57. LRS Repeater with.cyl- 
indrical base. Reproduced from Archiv 
fur Geschichte der Mathematik, 1931. 

Figure 58. Temperature regulator 
for LRS Repeater. Reproduced from 
D.R.P. Nr. 293460. 

Figure 59. Tigerstedt telephone re- 
lay arrangement using magnetically 
shielded and concentric electrode 
structure. Reproduced from U.S.P. 
1,212,163. 

Figure 60. Majorana's Electronic 
Deviator. Reproduced from Jahrbuch 
der drahtlosen Telegraphie and Tele- 
phonie, 1913. 

Oscilloscope Applications 
(Continued from page 41) 

In addition to providing hitherto un- 
obtained speed, the oscillographic 
method of obtaining tube characteris- 
tics permits, at the same time, the use 
of higher electrode voltages than 
would be possible in taking such data 
by other means. This is because the 
various instantaneous values of volt- 
age are maintained for too short a 
time to produce any injurious effects 
upon the electrodes. A peak value of 
plate voltage may thus attain a value 
which, under conditions of observation, 
by means of meters, would result in 
certain damage to the tested tube. 

In testing tubes, any current char- 
acteristic may be plotted on the oscil- 
loscope screen by employing the volt- 
age drop produced by the current flow- 
ing through a small resistance. Recti- 
fiers and other diodes may be tested as 
well as multielectrode types. 

Indication of Gas Engine 
Cylinder Pressure 

In investigations of internal -com- 
bustion engine operation, cylinder 
pressures can be measured by means 
of pressure gages similar to the fa- 
miliar steam gages. This system pos- 
sesses numerous limitations. Recent 
methods make use of electromechan- 
ical- pressure kickup devices which are 
fastened to the outside of cylinder 
walls and record internal pressure 
during the various cycles of engine 
operation. This apparatus is suscepti- 
ble to great vibrations of the motor 
and does not possess the required sen- 
sitivity for investigating action of 
anti -knock gasolines. 

Engine cylinder pressure is recorded 
in modern motor laboratories by 
means of radionic equipment which 
employs the oscilloscope as an indica- 
tor. In this system, virbrational im- 
pulses are transmitted from the inner 
wall of the cylinder by a light beam. 
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SLUM OF THE 

VACUUM TUBE 
by GERALD F. J. TYNE 

Research Engineer, N. Y. 

Part 9. The early constructional problems of the t "est ern Electric 
type -101 vacuum tube -covering its multiplicity of shapes and sizes. 

NNOW we come in our story to the 
point where we need to know 
a bit more about this modern 

Aladdin's lamp; how it looked, how it 
was constructed, and the multiplicity 
of forms into which it grew. 

To the tube collector, the tube is 
known by its appearance. So much 
emphasis in what follows is laid on 
appearance; on significant changes in 
construction and markings. The identi- 
fying of these changes is a reminder 
that a great deal of engineering effort 
goes into developing something which 
is really serviceable to mankind. Few 
people have any idea of the multitudi- 
nous details of construction and ma- 
terials involved, or the meticulous 
measurement work and performance 
testing. 
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In this article our consideration will 
be of the Western Electric 101 -type 
vacuum tube, from the point at which 
it was left at the end of the preceding 
article up to the present time, for it is 
still in use. The early Western Elec- 
tric tubes merit particular attention 
for several reasons. They were little 
known to the public, having been de- 
veloped for use in the telephone re- 
peater plant, which is largely "behind 
the scenes." They were by far the best 
of the early tubes, and they provide a 
striking example of intensive organ- 
ized research to produce an article, not 
for general use or sale in the market 
place at an attractive price, but for 
service in a highly specialized applica- 
tion, in a plant where they were 
treated with care, and in which reli- 

ability and long life were the desider- 
ata to be attained. 

Late in 1917 the type of base used 
on Western Electric Vacuum Tubes 
and Repeater Bulbs was changed. As 
has been described, up to this time it 
was a heavy, machined brass, seamless 
shell. The new base was a formed 
casing of German silver. Into the bot- 
tom of this formed casing was fitted 
an insulating member on which the 
contact studs were mounted. (See Fig. 
73). The space around the insulating 
member was filled with a red wax 
known as "Zinssner's Regular Insulat- 
ing Wax." This was a mixture of red 
iron oxide with shellac gums. The 
wax was poured in to fill the base flush 
with the bottom of the formed shell 
and a die applied to form the letters 
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and numerals of the code marking in 
the center, in raised characters. This 
type of base was used until about 1925, 
although later a different filling com- 
pound was used. The color of the Zins- 
sner's wax was always red, although 
the shade varied from lot to lot, some- 
times almost to brown. The compound 
which was later used was black in 
color. 

When the new type of shell was put 
into use the patent marking read as 
follows, (see Figure 74) : 

PAT. IN USA 
1 -15 -07 TWO PATENTS 

2 -18 -08 4-27 -15 
12 -19 -16 

PAT. APPLIED FOR 

The first of the tubes made using this 
shell bore the code marking only in the 
wax filling of the shell. 

Late in 1918 the markings on the 
base of the 101B and all other repeater 
bulbs were changed (as shown in Fig- 
ure 75) to include the property mark- 
ing of the A. T. & T. Co. The marking 
of the 101B thus became : 

PROPERTY OF 
AMERICAN 
TEL. & TEL. 
COMPANY 

101B 

PAT. IN U.S.A. 
1 -15 -07 TWO PATENTS 
2 -18 -08 4 -27 -15 

12 -19 -16 
PAT. APPLIED FOR 

The construction of the 101B Re- 
peater Bulb up to this time was that 
shown in the bulb depicted in Figure 
76. The element assembly was sup- 
ported by a glass arbor which was 
sealed to the edge of the press, and 
the plane of the element assembly was 
at right angles to the plane of the 
press, both being vertical. Difficulties 
were experienced with this form of as- 
sembly however, the most common 
source of trouble being breakage of 
the arbor at the point where it was 
welded to the press. Many of the tubes 
still in existence show such breakage. 

To overcome these difficulties the 
element was redesigned and, begin- 
ning early in 1919, the arrangement 
shown in Figure 77 was used. Here 
the arbor has been made heavier and 
was welded to the stem somewhat 
below the press. The positioning 
of the arbor was such that the 
element assembly was made parallel 
to the press instead of at right an- 
gles to it. The grid structure was 
changed from 9 to 11 laterals and the 
plates were made rectangular with 
edges turned up at right angles to pro- 
vide stiffening. The tie wires at the 
top of the assembly were welded to the 
turned -up edges instead of the flat sur- 
faces, as had previously been the case. 

Late in 1919 the patent marking was 
changed to read as follows: 

(Continued on page 54) 
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Fig. 81. 

Fig. 84. 

Fig. 87. 

Fig. 82. 

Fig. 85. 

Fig. 90. 

Fig. 88. 

Fig. 83. 

Fig. 86. 

Fig. 91. 

Fig. 89. 
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0 The first issue of OK METHODS is 
now ready for distribution. 

OK METHODS is a new 28 -page booklet devoted 
to passing on new methods or shortcuts for improving 
the quality of or speeding up the assembly of electrical 
wires and connectors. Well illustrated- written in simple 
terms -easy to understand -the book describes actual 
tested operations, tools, machinery, and special equip- 
ment developed for this type of work. 

Some of the many suggestions incorporated in the 
book may be helpful to you or to the operators in your 
assembly lines, and your suggestions incorporated in 
later issues of OK METHODS may help speed pro- 
duction in other plants. 

The exigencies of war 
demand faster produc- 
tion. To that end -by pro - 
viding an interchange of 
ideas -OK METHODS 
has been conceived and 
dedicated. Send coupon. 

American Phenolic Corporation 
Chicago 50, Illinois 

You may send me copies of OK METHODS. 

Name Title 

Company 

Street Address_ 

City State 

Saga of Vacuum Tube 
(Continued from page 39) 

PAT. IN U.S.A. 
1 -15 -07 TWO PATENTS 
2 -18 -08 4 -27 -15 

10 -17 -16 12 -19 -16 
12 -17 -18 

PATS. APPLIED FOR 
Early in 1921 the patent date 10 -5 -20 
was added to this marking. 

Meantime, work had been carried on 
with a view to improving the charac- 
teristics of this tube, especially in the 
matter of power required for the fila- 
ment. By 1921 theoretical studies and 
laboratory experience indicated that 
this could be done without sacrificing 
the other characteristics, and accord- 
ingly, late in 1921 the 101B was re- 
placed by the 101D. 

The 101D was the same as the 101B 
except for the filament; the first of 
the 101D tubes operated at a filament 
current of 1.15 amperes as against the 
1.30 amperes required for the 101B. 
The filament of the 101D had a plati- 
num- nickel core instead of the plati- 
num- iridium previously used, and was 
untwisted. In order to readily distin- 
guish these lower current tubes from 
their predecessors, the tips were col - 
oreä green by the application of lac- 
quer. This practice was continued 
until 1924. 

The manufacture of the 101B was 
discontinued in 1923. 

The first of the 101D tubes had the 
code marking etched on one side of 
the bulb in letters approximately 1/¢ 

inch high, as shown in Figure 78, and 
had the serial number etched on the 
opposite side of the bulb. These tubes 
bore the following patent marking: 

PAT. IN U.S.A. 
1 -15 -07 TWO PATENTS 

2 -18 -08 10 -17 -16 
12 -19 -16 10 -5 -20 

PATS. APPLIED FOR 
Early in 1922 this marking was dis- 

continued and the standard type of 
marking was applied on the base, both 
on the shell and in the wax. Soon 
thereafter the patent marking was 
changed to read as follows: 

PAT. IN U.S.A. 
1 -15 -07 12 -19 -16 
2 -18 -08 12 -17 -18 

10 -17 -16 1 -27 -20 
PATS. APPLIED FOR 

A short time later the patent date 
10 -5 -20 was added. (See Figure 79.) 

Early in 1923 the practice of the 
American Telephone and Telegraph 
Company was changed and vacuum 
tubes were sold directly to the Operat- 
ing Companies instead of being leased 
to them. Hence the marking of tubes 
as the "Property of the American Tel. 
& Tel. Company" was dicontinued and 
henceforth they were marked "West- 
ern Electric -Made in U.S.A." (Fig- 
ures 80 and 81). 
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The New Genie in a Bottle 

Arabian Nights' analogies are left far behind when we talk 

about the future possibilities of electronic energy in thin 

glass tubes: the twentieth century genie in a bottle. An in- 

credibly sensitive and positive control of industrial processes 

is now possible, and every industry must face the prob- 

ability of technical revolution. 

Back of the electron tube, energizing it, is the transformer. Both - 

in war and in peace this mechanism is the special concern of 
Stancor engineers. Many improvements developed and tested 

in war, and new developments planned for peace, will emerge 

from the Stancor laboratory to contribute to post -war industry. 

STANCOR 
S T A N D A R D T R A N S F O R M E R C O R P O R A T I O N 

1 5 0 0 N O R T H H A L S T E D S T R E E T C H I C A G O 

Manufacturers of quality transformers, reactors, rectifiers, 
power packs and allied products for the electronic industries. 
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In 1925, in order to effect economies 
in manufacture, and permit the use of 
the same shell on all tubes, the mark- 
ings were removed from the base and 
applied to the bulb in a single band as 
shown in the tube depicted in Figure 
82. 

Later in 1925 the design of the 101D 
tube was changed to use a molded base, 
with the code and patent markings 
being applied to the bulb in a single 
band as before. The metal bases pre- 
viously used were difficult to manufac- 
ture to the close dimensional limits 
required; the filling wax tended to flow 
out under extreme temperature condi- 
tions, and the micarta inserts on which 
the studs were mounted sometimes ab- 
sorbed moisture. 

The first design of molded base, 
which used soldering tabs on the con- 
tact studs, was employed for about a 
year and was then replaced by a 
molded base with a type of stud in 
which the lead -out wire was threaded 
through a hole in the stud and soldered 
on the outside. Essentially the same 
type of contact stud is still used on 
these tubes. In order to reduce the 
variations in the resistance of the con- 
tact between the stud and the socket 
spring, all repeater tubes have been 
equipped, since the early days of the 
metal shell, with precious metal con- 
tact tips on the base prongs. 

The practice of magnesium flashing 
to aid in obtaining high vacuum was 
introduced just before the change from 
metal to molded base, and one of the 
metal -based flashed tubes is shown in 
Figure 83. Some tubes were still made 
without this flashing, for use in certain 
types of carrier systems. 

By 1927 studies of filament materials 
and characteristics had progressed to 
such a point, and methods of manufac- 
ture had been so improved, that satis- 
factory operation could be obtained 
with a new type of filament which op- 
erated at approximately 0.5 ampere 
filament current, and approximately 
the same filament voltage. This rep- 
resented a great increase of efficiency 
and consequent lower operating cost, 
since it halved the power required for 
filament operation. 

Around this new filament was de- 
signed a new repeater tube, with 
approximately the same plate charac- 
teristics as the 101D. This new tube 
was known familiarly as the "half -am- 
pere L tube" and officially as the "101F 
Vacuum Tube." At the same time the 
mechanical structure of the element 
assembly was entirely redesigned. The 
plate was made of the completely en- 
closing type, the grid a continuously 
wound spiral, and the spacing between 
the elements greatly reduced. One of 
these tubes is shown in Figure 84. The 
101F did not completely replace the 
101D, which still continued to be made. 

In April 1927 there occurred a revi- 
sion of the United States Patent Law 
which provided that the patent mark- 
ing of any article made under a patent 
issued after that date should consist of 
the patent number rather than the 
date of issue, as heretofore. An article 
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 Amphenol produces 

British Type Electri- 

cal Connectors to spec- 

ifications developed by the 

British Air Ministry. These 

connectors are used to facili- 

tate the production and instal- 

lation of certain types of British 

aircraft, marine, and radio 

apparatus made in America. 

Threads are accurately ma- 

chined to British Whitworth 

Standards. The same careful 

workmanship and engineering 

go into British Type Connec- 

tors that is representative of 

the complete Amphenol line. 

BRITISH TYPE: 

PLUGS AND RECEPTACLES 
for electrical circuits. 

PLUGS foAND SOCKETS 

FITTINGS AND END CAPS 

for electrical connectors. 

Inspecting special wiring assembly,' 
Every Amphenol -made connector and 
cable assembly undergoes rigid tes 
before leaving the factory. Efficient per- 
formance assured. 

ELECT;Ìfili9l,' 

COItt1ËtTD'1 

W411; 

MiNIMINIRWEZM 

AMERICAN PHENOLIC CORPORATION, CHICAGO 50, ILLINOIS 
IN CANADA - AMPHENOL LIMITED s TORONTO 

Send today for il- 
lustrated data sheets 
on British Type Elec- 
trical Connectors. 
Complete specifica- 
tions-10-page list- 
ing of items, parts, 
and assembly in- 
structions. 

made under patents issued prior to 
the effective date of the change in the 
law could be marked with either the 
date of issue or the patent numbers. 

In accordance with the provisions of 
this law the markings on the bulbs of 
the 101D and 101F tubes were changed, 
in 1928, from dates of issue to patent 
numbers. Photographs of 101D and 
101F tubes so marked are shown in 
Figures 85 and 86. 

In 1929 the practice of magnesium 
flashing the 101D was discontinued and 
some minor changes in design, such as 
the relocation of the plate lead and the 
use of a shielded grid -lead -in wire, 
were made. About the same time the 
practice of putting the code marking 
on the base, in depressed characters, 
was adopted. (See Figure 87). The 
patent markings were, at the same 
time, removed from the bulb and ap- 
plied to the carton in which the tube 
was packed. 

The construction of the 101D re- 
mained practically unchanged from 
1929 until 1940, when the tube was 
completely redesigned and modernized. 
This redesigned tube, which is in cur- 
rent manufacture, is shown in Fig- 
ure 88. 

The practice of putting the code 
marking and Western Electric name 
on the molded base, in depressed char- 
acters, was instituted for the 101F at 
the same time as for the 101D. Figure 
89 shows a 101F tube with these mark- 
ings. 

Later the 101F was changed to use 
a pear- shaped bulb instead of the 
spherical one, and this tube is shown 
in Figure 90. 

When the 101D was redesigned in 
1940 similar changes were made in the 
101F, resulting in the tube shown in 
Figure 91, which is of current manu- 
facture. 

Still further studies have since been 
made which have resulted in the reali- 
zation of a tube which operates at one - 
half the filament current of the 101F, 
and this tube, known as the 101L, is 
now in production. 

The story of the 101 -type tube is a 
most interesting one. The evolution- 
ary steps which they have gone 
through is an excellent example of 
what can be accomplished by continued 
study and long experience in the man- 
ufacture and use of a particular type 
for a definite purpose. The 101 types 
are, always have been, and probably 
always will be designed and manufac- 
tured for use in telephone repeaters. 
The conditions under which they op- 
erate are exacting, and it is greatly 
to the credit of the research workers, 
designers and manufacturer that these 
conditions have continued to be met 
satisfactorily. This has been accom- 
plished in spite of the fact that the 
latest designs require only one -fifth 
the filament power of the first tubes of 
this type. And in the process the use- 
ful life of the tube has been increased 
a hundred fold, from the 400 hour life 
of the 101A to the 40,000 hour life of 
the 101D. 

Truly a remarkable achievement! 
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CAPTIONS FOR ILLUSTRATIONS 

Figure 73. Formed sheet metal base 
with micarta insert, used on Western 
.Electric Repeater Bulbs and Vacuum 
Tubes 1917 -1925. View before base has 
been filled with wax. 

Figure 74. First type of 101B Re- 
peater Bulb to use formed sheet metal 
base. The code designation appeared 
only in the wax filling of the base, and 
the patent marking was applied in de- 
pressed characters to the metal base 
shell. The markings have been filled 
white in the illustration, for photo- 
graphic purposes. 

Figure 75. Later manufacture 101B 
showing code marking and A.T. &T. Co. 
property marking applied to sheet 
metal base. The code number was also 
applied to the wax filling of the base. 

Figure 76. Two views of the early 
1.01B Repeater Bulb. This shows the 
construction in which the arbor sup- 
porting the element assembly was at- 
tached to the edge of the press. This 
particular tube was made at the Haw- 
thorne Works of the Western Electric 
Company, as evidenced by the "H" fol- 
lowing the serial number on the glass. 

Figure 77. Two views of the im-. 
proved 101B Repeater Bulb. The glass 
supporting arbor is heavier, and is 
welded to the stem below the press. 
This was a more sturdy construction 
than that shown in Figure 76. 

Figure 78. Early type 101D Vacuum 
Tube. The code marking appeared 
only on the glass bulb. 

Figure 79. Later type 101D, show- 
ing code marking, A.T. &T. Co. property 
marking, and patent marking on base. 

Figure 80. Later 101D than that 
shown in Figure 79. A.T. &T. Co prop- 
erty marking has been replaced by 
Western Electric marking and patent 
marking has been revised. Markings 
are in 1/16 inch high characters. 

Figure 81. Same as Figure 80 ex- 

Passing the half -way mark up the 200 - 
foot tower of the Maine State Police 
Department WBNV, Augusta, Me. A 
7 /a" coaxial gas -fed line leads to a 
coaxial radial antenna on top of it. 

January, 1944 

Electronics, Radionics, Radio - weapons that 
help speed us to Victory. Making wire "har- 
nesses" for these magic swords is another big 
Wallace job. The production picture in itself is 
pure magic, too; because it involves improved 
techniques, discoveries and multiple engineering 
problems. Here, then, is a well of priceless 
experience ready to help you produce your own 
brand of magic - once Victory is achieved. 

fin 

Wm.T.WALLÀOE mFG. Ea. 
General Offices: PERU, II1DIAl1A 

Cable Assembly Division: ROCHESTER, InDiAI1A 
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cept that markings are in 3/64 inch 
high characters. 

Figure 82. 101D Vacuum Tube with 
molded phenol plastic base, code and 
patent marking on bulb in baked en- 
amel lettering. Patent marking given 
as dates of issue of relevant patents. 

Figure 83. 101D Vacuum Tube with 
metal base and magnesium fly shing. 

Figure 84. Early 101F Vacuum 
Tube -code and patent marking on 
bulb, patent marking given as dates. 

Figure 85. Later 101D Vacuum 
Tube -markings on bulb -patent num- 
bers have replaced patent dates. 

Figure 86. Later 101F Vacuum 
Tube -markings on bulb -patent num- 
bers have replaced patent dates. 

Figure 87. 101D Vacuum Tube with 
molded base. Code number is in de- 
pressed characters on base. Base 
markings have been filled white for 
photographic purposes. Patent mark- 
ings were applied to the carton in 
which this tube was packed. 

Figure 88. 101D Vacuum Tube of 
latest construction -new element as- 
sembly and domed bulb. 

Figure 89. 101F Vacuum Tube with 
markings in depressed characters on 
phenol plastic base. 

Figure 90. 101F Vacuum Tube in 
pear -shaped bulb. 

Figure 91. 101F Vacuum Tube of 
latest construction. 

(To be continued in March issue) 

Brach Marine Antennas and Mounts are now manufactured 
100% for the service of Uncle Sam's amphibian tanks, PT 
boats, etc. But with the dawn of Victory we shall be ready 
and able to utilize our enhanced experience and wartime 
"know how" in supplying the civilian requirements for 
antenna equipment for ship -to -shore communication. 

L. S. BRACO IUFG. CORP. 
World's Oldest and Largest Manûfacturers of Radio Antennas and Accessories 

55 -65 DICKERSON STREET NEWARK N. J. 
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Theory of U.U.F. 
(Continued from page 34) 

of the various references given with 
this article. They contain practically 
all the published knowledge of the 
Klystron tube as used with ultra -high 
frequencies. Those references that 
have an asterisk contain a mathemati- 
cal analysis of the Klystron while the 
others are more or less descriptive. 

The operation of another ultra -high- 
frequency tube will be considered in 
the next part of this series of articles. 
The principle of operation will depend 
upon the instability of moving elec- 
trons in a magnetic field. This tube is 
commercially known as the Magnitron 
and is also capable of producing ultra- 
high frequencies in the range of 3000 
megacycles. 
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(To be continued in March issue) 

Flying Fortress 
(Continued from page 23) 

The radio man sat back on his para- 
chute pack, loosened his "Mae West," 
relaxed and listened. Over the inter- 
com came the voices of the crew and 
observer -commentator as the ship sped 
towards the continent to bomb the 
Nazi -held airfield: 

Nussbaum: "It's now 8 :20. Zero hour 
is at 8:45. In exactly twenty -five min- 
utes, at zero hour, every plane, every 
bomber, every fighter on this opera- 
tional mission 

Pilot : "Pilot to tail gunner. Check 
your glasses and see if you can get the 
number of that aircraft to the right 
of us." 

Tail gunner : "Tail gunner- Roger. 
Four two eight I think it is four 
two eight. Roger." 

Pilot : "Thank you. Roger." 
Nussbaum: "As I said, at 8 :45, which 

is in about twenty -five minutes, all the 
planes on this mission, whether they 
be bombers or fighters, will be in the 
air on the way to the target. That is 
known as zero hour. I can now see 
the wing ahead of us. It is in perfect 
formation. They are scheduled to go 
into the target 'two minutes ahead of 
us. We have not as yet made our 
rendezvous with our fighter escort." 

Bombardier : "Altitude 10,000 feet. 
Put on your oxygen masks. We are at 
oxygen level." 

Tail gunner : "Tail gunner. Roger." 
Nussbaum : "As you can hear, we 

are going on oxygen now. I have just 
put on my mask, and it may make my 
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THE SAGA OF THE 

VACUUM TUBE 
Iy GERALD E. 4. TYNE 

Research Engineer, N. Y. 

Part 10. Covering the evolution of the vacuum tube through the years 
1914 to 1918, as a result of the research work done by Western Electric. 

Fig. 92. 

THUS far we have considered but 
one type of Western Electric 
tube. It has been treated in con- 

siderable detail, because of the evolu- 
tionary steps through which it passed. 
These steps show the results which 
may be attained through painstaking 
research and careful engineering with 
but one objective -to produce the most 
economical and reliable device to fulfill 
a given function, when operated under 
expert care and carefully controlled 
conditions. 

Other tubes were evolved in the lab- 
oratories and manufacturing plants of 
the Western Electric Company during 
the period covered in the preceding 
articles. Some were for use in the 
telephone plant, some for the Armed 
Services of the U. S. Government, and 
others for divers applications which 
arose as time went on and wider vistas 
opened up. 

Many of these went through develop- 
mental steps paralleling those of the 

101 type and will be treated but briefly 
in what follows. One of the best 
known of these other tubes is the fa- 
mous "V" tube. This was probably so 
called because it was intended for use 
as a "voltage" amplifier. It was first 
known as the type "VM " -V for volt- 
age and M for mounted -but the "M" 
was soon dropped and it became known 
as the "V" tube. 

The earliest vacuum -tube repeaters, 
as has been previously stated, used "L" 
tubes and were single -stage affairs. 
When the need for higher amplifica- 
tions than could be obtained in these 
arrangements arose, two -stage repeat- 
ers were developed, and the "V" tube 
was used in the first stage to provide 
"voltage" amplification. Its plate -to- 
filament impedance was too high to 
permit it to be worked successfully as 
an output tube, however, and the sec- 
ond stage was an "L" tube with its 
lower output impedance. 

The first experimental "V" tubes 

Fig. 93. Fig. 94. Fig. 95. Fig. 96. 
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Fig. 97. 

were made about the middle of 1914 
and the first commercial product ap- 
peared early in 1915. Fig. 92 shows 
one of the earlier tubes before basing. 

The "V" tube used the characteristic 
Western Electric "ladder type" grid 
and had 31 laterals on each side. The 
grids were considerably larger in area 
than the plates, and the filament was 
A shaped. The spacing between grids 
was about 1/8 inch and between plates 
about 1/2 inch. The base used was the 
same machined brass base used on the 
"L" tube which has been previously 
described. 

Like the "L" tube, the first of the 
"V" tubes probably carried no patent 
markings. Beginning late in 1915 pat- 
ent markings were applied in a man- 
ner similar to that of the "L" tube of 
that time. In 1916 the code designa- 
tion "102A Telephone Repeater Ele- 
ment" was assigned to the "V" tube. 
This was later changed to that of 
"102A Repeater Bulb." 

It is not our purpose to go into 
further detail concerning the progres- 
sive changes made in the "V" tube. 
However, for the benefit of tube col- 
lectors Fig. 93 shows one of the vari- 
ants of the 102A. 

Up to the end of 1918 all of the "V" 
tubes and some of the other tubes 
made by the Western Electric Com- 
pany had been manufactured in the 
shops of the Engineering Department 
of the Company in New York. This 
was done because of the need for close 
engineering supervision in the early 
manufacture of a new device. By the 
end of 1918 progress was considered 
sufficient to permit their manufac- 
ture in the regular factory, and ac- 
cordingly, production of some of them, 
among which was the 102A, was begun 
at the Hawthorne plant of the Com- 
pany in Chicago. 

All of the early Western Electric 
tubes had a serial number etched or 
sandblasted on the bulb. In order to 
distinguish between tubes made in 
New York and in Hawthorne the tele- 

March, 1944 

Fig. 98. Fig. 99. 

Fig. 101 

Fig. 103. 

Fig. 100. 

Fig. 102. 

Fig. 104. 
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Fig. 105. 

Fig. 107. 

Fig. 106. 

Fig. 108. 

phone repeater type tubes made at 
Hawthorne had the letter "H" append- 
ed to the serial number. When pro- 
duction became great enough so that 
the number of digits in the serial num- 
ber increased beyond five, the designa- 
tion letter was changed to "A" and 
the numbering repeated. The tubes 
made at New York had no letter in- 
cluded in the serial designation. 

There were also some minor details 
of construction in which tubes made 
at Hawthorne differed from those 
made at New York. One of these was 
in the positioning of the laterals of the 
grid. In the tubes made at New York 
the grid laterals were welded to the 
vertical support wires on the outside 
of the frame; that is, the side away 
from the filament. Tubes made at 
Hawthorne had the laterals on the side 
of the frame nearer the filament. 

The construction of the 102A Re- 
peater Bulb was similar to that of the 
101B in that the elements were sup- 
ported by a glass arbor welded to the 
edge of the press. Early in 1922 the 
102A was replaced by the 102D which 
had an improved filament, operating 
at the same filament current as the 
101D. The construction was soon 
changed so that the arbor was attached 
to the stem below the press, in a man- 
ner analagous to that of the later type 
101B and the 101D. The single A fila- 
ment was retained since the normal 
plate current of the 102 types was 
much lower than that of the 101 types 
and the electron emission from the 
smaller surface was adequate. 

From this time on the changes in 
the 102 series, such as location and 
type of markings, substitution of mold- 
ed for metál base shells, etc., in gen- 
eral followed those of the 101 series 
and will not be detailed here. Again 
for the benefit of the tube collector 
photographs of some of the variants 

(Continued on page 90) 

Fig, 109. Fig, 110. Fig. 111, Fig. 112. 
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It would be highly desirable if the 
automatic air traffic control equipment 
for aircraft could be light enough and 
cheap enough so that all aircraft fly- 
ing under instrument flight rules 
would be equipped with these devices. 
However, it is expected that at least 
for a long time only the larger aircraft 
will be so equipped. The most opti- 
mistic estimate would place not more 
than 50% of the aircraft flying in in- 
strument weather by 1950 in the cate- 
gory of those having full automatic air 
traffi^ control equipment. This means 
that the air traffic control system 
would have to continue to be capable 
of controlling a substantial amount of 
air traffic involving aircraft having 
only the minimum air traffic control 
equipment such as is required at the 
present time. 

However, the automatic devices for 
aircraft and the ground aids for air 
traffic control previously described 
point to the possibility of obtaining the 
ultimate objective of permitting the 
flow of air traffic under instrument 
weather conditions in the same volume 
and with the same frequency as is pos- 
sible under contact weather conditions. 
This means that at an airport properly 
designed and adequately served by 
navigational air traffic control facili- 
ties, landings under instrument 
weather conditions would be possible 
at extremely short intervals. Thus, 
future planning seems to indicate that 
it will be possible for the air traffic 
control system within the United States 
to reach the level of safety and effi- 
ciency which ultimately will be re- 
quired by mature air transportation. 

Saga of Vacuum Tube 
(Continued from page 52) 

of the 102 series will be found in Figs. 
94 to 97, inclusive. 

The 102 type vacuum tube was an 
extremely long -lived device, because of 
the conservative engineering behind it 
and the low plate current required. 
The writer recently saw a 102A Re- 
peater Bulb which had been removed 
from service in a laboratory device 
only two years ago. It had been in 
daily use for almost 20 years and was 
still functioning satisfactorily. 

Another tube which was used in tele- 
phone equipment, but to a lesser extent 
than the "L" and "V" tubes, was the 
104 type, which started life under the 
appellation of type "O ". It was prob- 
ably so designated because of its origi- 
nal use as an "output" tube. It had a 
lower plate impedance than either the 
"L" or "V" types. The "O" tube was 
first made commercially in the shops 
of the New York Engineering Depart- 
ment late in 1917. As originally made, 
it consisted of two plates 3/4 inch wide 
and 11,4 inches high, spaced 5/16 inch 
apart, and two grids of the ladder type, 
the same size as the plates and spaced 
% inch apart. Each grid had nine 
laterals. The filament was M shaped. 
The structural difference between the 

"L" and "O" tubes was chiefly in the 
spacing of the elements. The type "O" 
originally had two glass arbors, one 
for each plate -grid assembly. Late in 
1918 the use of the second arbor was 
abandoned and the stem thus became 
similar to that of the type "L ". The 
code designation "104A" was applied 
to this tube, which was later replaced 
by the "104D" Figs. 98 and 99 show 
some of the variants of these types. 

All the Western Electric tubes thus 
far considered were engineered for use 
under the carefully controlled condi- 
tions existing in the telephone plant. 
But at the time of World War I the 
engineering skill and manufacturing 
experience which produced them were 
invaluable in providing background for 
the production of tubes for sorely 
needed military equipment. 

Vacuum tubes for military and naval 
use are a "different breed of cat" from 
the telephone repeater. They must be 
capable of giving a reasonable service 
life under conditions which may vary 
widely at different times and in differ- 
ent places. In much equipment con- 
siderations of weight and space are 
paramount. Ambient temperatures 
vary from the cold of the radio cabin 
in the arctic to the broiling heat of a 
destroyer engine room in the tropics. 
Filament and plate voltages may vary 
widely and rapidly. Mechanical shocks 
are inevitable. 

Nevertheless the Western Electric 
engineers, at the urgent request of the 
Armed Services, set about the develop- 
ment of vacuum tubes of stable and 
rugged construction to meet these new 
but no less exacting requirements. 
From their labors emerged a number 
of reliable tubes, probably the best 
known of which were the "VT1" and 
"VT2." 

"VT1" was the U. S. Signal Corps 
designation for the tube, which in its 
inception was known to Western Elec- 
tric engineers as the type "J ". This 
same tube was also used by the U. S. 
Navy under the designation "CW933." 
The Western Electric code numbers as- 
signed to this type were in the 203 
series, the first being the 203A." 

The "J" tube was a general purpose 
tube, being used as detector, amplifier, 
or low power oscillator. Fig. 100 is a 
photograph of one of the early "J" 
tubes. A cylindrical bulb was used in- 
stead of the spherical bulb common to 
the other Western Electric tubes up to 
that time. The element assembly used 
the same glass arbor construction as 
the telephone repeater tubes, and the 
earliest models had machined brass 
bases. The grids were of the ladder 
type and the plates were of flat sheet. 

The glass arbor construction proved 
to be too fragile to withstand the se- 
vere vibration conditions imposed on 
the equipment in which the tube was 
used. In order to insure permanent 
alignment of the elements under the 
severest conditions there was devel- 
oped a form of element assembly which 
became known as the "iron- clad" con - 
construction, in which the plate 
formed the support for the grid and 
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filament. This structure was the re- 
sult of an evolutionary process which 
can be traced through the steps shown 
in Figs. 101 to 104 inclusive. 

The first change was in the base. 
The machined brass base was replaced 
by a lighter sheet metal base similar 
to that used in the standard telephone 
repeater tubes. The next construction 
was that shown in Fig. 101. Here the 
glass arbor has been eliminated and a 
new plate structure used. The plates 
are supported from the stem, and a 
stiffening rib provided. Ladder type 
grids with wire laterals are still used. 
Fig. 102 shows the next modification, 
which was the substitution of a corru- 
gated plate for the flat plate in the 
preceding version. Fig. 103 shows a 
later modification, in which grids of 
punched sheet metal replaced those 
of the wire type. The final version, 
which was manufactured in large 
numbers as the VT1, is shown in Fig. 
104. After the close of World War I 
many of these VT1s found their way 
into the general market, via sales of 
surplus Army equipment, and were 
used by amateur radio enthusiasts. 

The VT1 operated with a filament 
current of 1.15 amperes at a voltage of 
2 to 2.5 volts. The plate voltage used 
varied from 20 to 100 volts, and the 
plate current from 0.5 to 2 milliam- 
peres, depending on the purpose for 
which the tube was used. The ampli- 
fication factor was about 6 and the 
internal plate impedance 10,000 to 25,- 
000 ohms. 

The other widely known and used 
tube was the VT2. This was developed 
as a result of a request from the U. S. 
Signal Corps in 1917. The request was 
for a small transmitting tube to oper- 
ate at a plate voltage of 300 volts. 
The VT2, which was also used by the 
U. S. Navy under the designation 
"CW931," was originally designated by 
Western Electric Company as the type 
"E ", and later code numbers in the 
205 series were assigned. 

Fig. 105 shows one of the earlier "E" 
tubes. The construction was some- 
what similar to the type "L" except 
that the plates had turned -up edges 
and different bracing wires. This dif- 
ference in construction was necessi- 
tated by the higher plate dissipation 
of the "E" tube which tended to warp 
flat plates. The base first used was of 
the wax -filled type which was stand- 
ard for use on telephone repeater 
tubes. This was later found unsatis- 
factory because of the higher tempera- 
ture at which the "E" tubes operated, 
and was replaced by a base using a 
phenolic insert. 

The VT2 operated with a filament 
current of 1.35 amperes at a voltage 
of 6 to 7.5 volts. The operating plate 
voltage was 250 to 350 volts, the plate 
current 30 to 45 milliamperes, ampli- 
fication factor approximately 7 and in- 
ternal plate impedence 3,000 to 4,500 
ohms. It was rated at 5 watts con- 
tinuous output as an oscillator. 

Other uses were found for this se- 
ries of tubes after the war, and the 
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manufacture of the 205B was contin- 
ued until about 1924, when it was re- 
placed by the 205D. The chief im- 
provement was in the filament. The 
new filament was better electrically, 
and differed in appearance in that it 
was plain instead of being twisted. 
Since that time the "E" tube has un- 
dergone other changes which may be 
seen in Figs. 106 and 107. 

There were, in addition to these 
tubes, several others made in some- 
what smaller quantities for the U. S. 
Government during World War I. One 
of these bore the Western Electric 
code designation "201A," and was 
known to the Navy as the "CW186." 
This tube, with its three contact 
base, is shown in Fig. 108. It was simi- 
lar to the type "V" except for the 
grid, which had 37 laterals on each 
side instead of 31. The 201A, as will 
be noted from Fig. 108, was made with 
a base which had three contact studs, 
the fourth terminal being the metal 
base shell. This was made in accord- 
ance with Navy requirements. This 
tube in the standard telephone repeat- 
er base had been known as the type 
"D" tube to the Western Electric engi- 
neers. 

One of the difficulties encountered 
in the use of this tube by the Navy 
was microphonic trouble caused by 
imperfect contact between the metal 
base shell and its socket. To eliminate 
this condition the design was changed 
to use the four contact base, originally 
used on this type. In this form it was 
known as the Western Electric 201B, 
and is shown in Fig. 109. Few were 
made, however, since it was soon re- 
placed in Navy equipment by the all - 
purpose "J" tube. 

Early in 1918, at the request of the 
Signal Corps, the work of developing a 
tube similar to the VT1, except suit- 
able for operation in portable equip- 
ment, was undertaken. The chief 
problem was that of obtaining a fila- 
ment which would operate with a cur- 
rent of the order of 0.2 to 0.25 am- 
pere from a single storage cell. The 
tube which fulfilled these require- 
ments was designated "VT3" by the 
Signal Corps and was known to the 
Western Electric engineers as the type 
"P." Figs.110,111 and 112 show three of 
the structures used for this tube, that 
of Fig. 112 being the final one. The 
designation "VT -3" was etched on the 
bulb, in block letters, but the etching 
is too faint to show in the photograph. 
Only a few of these tubes were made 
since the necessity for them was re- 
duced by the cessation of hostilities. 
The work was not lost, however, since 
the knowledge gained was used to 
good advantage in the development of 
the famous "peanut" tube, which will 
be discussed in our next article. 
CAPTIONS FOR ILLUSTRATIONS 

Fig. 92. Western Electric Type "V" 
Telephone Repeater Element, before 
basing. 1915. Photograph courtesy 
Bell Telephone Laboratories. 

Fig. 93. Western Electric 102A Re- 
peater Bulb. This is the first variant 
using the formed sheet metal base. 
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The code marking appears only in the 
wax filling of the base. Note colored 
lacquer- black -applied to tip. ' 

Fig. 94. Western Electric 102D Vac- 
uum Tube, showing Western Electric 
name, code, and patent marking on 
base in is inch characters. 

Fig. 95. Western Electric 102D Vac- 
uum Tube, showing Western Electric 
name, code, and patent marking on 
base in is inch characters. 

Fig. 96. Western Electric 102F Vac- 
uum Tube with code marking on base 
in depressed characters. 

Fig. 97. Western Electric 102F Vac- 
uum Tube of current construction. 
New element assembly and domed 
bulb. 

Fig. 98. Western Electric Type "O" 
or 10.1tÁ Vacuum Tube - early con- 
struction. 

Fig. 99. Western Electric 104D 
Vacuum Tube -current construction. 
New element assembly and domed 
bulb. 

Fig. 100. Early Western Electric 
Type "J" or 203A Vacuum Tube with 
machined brass base and glass arbor 
construction. Photograph courtesy Bell 
Telephone Laboratories. 

Fig. 101. Western Electric 203A Vac- 
uum Tube -third type -with element 
assembly supported by collar on stem 
of tube. Wire ladder type grid and flat 
plate with stiffening rib. Photograph 
courtesy Bell Telephone Laboratories. 

Fig. 102. Western Electric 203A Vac- 
uum Tube -later type with corrugated 
plate and wire grid. Photograph cour- 
tesy Bell Telephone Laboratories. 

Fig. 103. Western Electric VT1 with 
early type punched grid. Photograph 
courtesy Bell Telephone Laboratories. 

Fig. 104. Western Electric VT1- 
final version. Photograph courtesy 
Bell Telephone Laboratories. 

Fig. 105. Early Western Electric 
Type "E" or 205A Vacuum Tube. Sheet 
metal base, wax filled. Photograph 
courtesy Bell Telephone Laboratories. 

Fig. 106. Western Electric 205B Vac- 
uum Tube -still later type with later 
patent markings. 

Fig. 107. Early Western Electric 
205D Vacuum Tube with metal base 
and markings on bulb. 

Fig. 108. Western Electric Type "D" 
or 201A Vacuum Tube. This was made 
for the U. S. Navy under the designa- 
tion "CW186." Note the three contact 
base. Photograph courtesy Bell Tele- 
phone Laboratories. 

Fig. 109. Western Electric 201B Vac- 
uum Tube. Same as 201A shown in 
Figure 108 except for use of standard 
four -prong base. 

Fig. 110. Western Electric Type "P" 
Vacuum Tube - first construction. 
Photograph courtesy Bell Telephone 
Laboratories. 

Fig. 111. Western Electric Type "P" 
Vacuum Tube - second construction. 
Photograph courtesy Bell Telephone 
Laboratories. 

Fig. 112. Western Electric VT3 - 
final form of type "P" vacuum tube. 
The "VT -3" marking is etched on the 
bulb in block letters but the etching is 
too faint to show up in the photograph. 

(To be continued) 
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Fig. 113. Fig. 114. Fig. 115. 

THE SAGA OF THE 

VACUUM TUBE 
By GERALD F. J. TYNE 

Part H. Covering a number of the unusual earlier 
constructed tubes that are of particular interest to 

many old timers. 

j P TO now we have discussed 
Western Electric vacuum tubes 
of the telephone repeater type 

and a few made for the Army and 
Navy during World War I. There 
were a number of other early tubes 
however, and some of these may fall 
into the hands of the tube collector. 
Some will bear few marks of identifi- 
cation but may be recognized from 
their descriptions and photographs, 
which follow. First let us consider 
the power tubes. 

The low power output tube for tele- 
phone applications, type "O," has al- 
ready been described as well as the so- 
called "5- watt" tube, type "E." 

The type "E" was preceded by an- 
other tube known as the type "K," 
which is shown in Fig. 113. This was 
originally intended for application in 
government equipment as a transmit- 
ter tube for aircraft use. It operated 
at a plate voltage of about 500 volts. 
This voltage was considered to be a 
source- of serious danger to the oper- 

ator and the type "K" was abandoned 
in favor of the type "E" which oper- 
ated at 300 volts plate. The type "K," 
to which was assigned the Western 
Electric code designation "202A" had 
a machined brass base similar to that 
used on the early telephone repeater 
tubes, but of larger size. 

Prior to this time the only extensive 
use of power tubes by the Western 
Electric Company had been in the fa- 
mous transatlantic telephone tests 
conducted in 1915. These were one - 
way transmissions, the transmitter be- 
ing at Arlington, Virginia. A bank of 
some 550 tubes operating in parallel 
was used in the final amplifier. To 
fully appreciate such a feat as this and 
realize the difficulties which had to be 
overcome by these pioneers, one 
should hear the stories told by the men 
who did the job. Problems of division 
of load, intertube wiring, parasitic os- 
cillations, cooling, and a host of others, 
which can be fully appreciated only 
by one who has tried to operate more 

Fig. 116. 

Fig. 117. 

Fig. 118. Fig. 119. 

54 - RADIO NEWS 

www.americanradiohistory.com


than two tubes in parallel, had to be 
solved. That this was accomplished 
in a short time is another instance of 
the results of cooperative effort in an 
industrial laboratory. 

The tubes used in this amplifier 
were known as type "W" and the offi- 
cial designation was "204B Vacuum 
Tube." The type "W" operated with 
a filament current of 4 to 4.5 amperes, 
plate voltage of 600 volts, and plate 
current of 150 to 200 milliamperes. 
Most of the type "W" tubes used at 
Arlington were unbased' although 
some based tubes, similar to that 
shown in Fig. 114, were also used. 

The most noticeable feature of the 
type "W" was the plate. Since a solid 
sheet metal plate of the requisite size 
would contain much occluded gas 
which would have been difficult to re- 
move with the evacuation technique 
of that day, the construction shown in 
the photograph was adopted. The 
plate was made from a strip of metal 
tape bent back and forth as shown. 
The material used was a high resist- 
ance alloy and leads were brought out 
from both ends of the strip. The tape 
could thus be heated by the passage of 
current from an external source, dur-. 
ing the evacuation process, and the 
occluded gases thus expelled. 

Another similarly constructed tube, 
used chiefly as a modulator in the long 
distance tests preceding the transat- 
lantic tests, was known as the type 
"S" and had the code designation 
"204A." This tube is illustrated in 
Fig. 115. Although this tube was 
smaller in size, the similarity in con- 
struction to the type "W" will be 
noted. It was the experience and 
knowledge gained in the development 
of these tubes which enabled the West- 
ern Electric Company to produce the 
other types of power tubes urgently 
requested by the U. S. Government for 
radio communication in World War I. 

After the war there grew up a de- 

mand for higher powered tubes for 
radio transmitters and public address 
systems. This need motivated the de- 
velopment of two series of tubes which 
are familiar to those acquainted with 
the early days of broadcasting. One 
was known during its development as 
the type "G" and the other as the type 

The type "G" was one variety of the 
size which later became commonly 
known as the "50- watter" and was the 
progenitor of the Western Electric 
211A and others of the 211 series. As 
in all such developments, problems 
were encountered in the process and 
various structures were tried before 
one suitable for commercial service 
was attained. Figs. 116 and 117 show 
some of the element assemblies tried 
out during this process. The construc- 
tion finally adopted, which was given 
the code designation "211A Vacuum 
Tube" is shown in Fig. 118. . 

This tube operated with a filament 
current of 3.4 amperes at 9 to 10 volts. 
The plate voltage was usually about 
750 and plate current 40 to 80 milli- 
amperes. The amplification factor 
was about 12 and the internal plate 
impedance 3000 to 4000 ohms. The 
operating life was about 300 hours. 
The base was the same size as that 
originally brought out by the Western 
Electric engineers for the type "K" 
tube, and eventually adopted as stand- 
ard for all 50- watters, by other manu- 
facturers as well. 

The 211 type tubes were intended 
for operation at a fixed value of fila- 
ment current, and the value of fila- 
ment voltage was determined by the 
filament resistance. They were usually 
operated, however, from a constant 
voltage source. Hence, they were clas- 
sified at the time of manufacture into 
five groups, and the classification was 
indicated by a letter etched on the bulb 
at the end of the serial number. The 
letters used were A, B, C, D, and E. 
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Fig, 127, 

Fig. 128. 

Fig. 129. 

This was done so that when two or 
more were required to operate with 
their filaments in parallel from the 
same source, tubes suitable for opera- 
tion at the same filament voltage 
could be selected. 

The 211A Vacuum Tube was re- 
placed, about the middle of 1924, by 
the 211D which used a different fila- 
ment. The characteristics of this new 
filament were sufficiently controllable 
so that the classification of tubes in 
accordance with their filament resist- 
ance was no longer necessary to their 
successful operation in parallel. 
Hence, no classification letter was 
needed. A photograph of one of the 
earlier 211D vacuum tubes is shown 
in Fig. 119. 

In 1926 the 211E was introduced. It 
differed from the 211D in that it was 
intended primarily for use as an audio 
amplifier, and had small spirals incor- 
porated in the grid and plate leads, 
which may be seen in Fig. 120. The 
effect of these small radio frequency 
chokes was to discourage the tendency 
to set up high- frequency parasitic os- 
cillations in the circuit in which such 
tubes were operated in parallel. 

The code and patent markings were 
at first placed on the metal base of the 
211 types in depressed characters, but 
later were applied to the bulb by the 
use of baked enamel lettering. Still 
later tubes used molded plastic bases. 
The 211 series of tubes have not been 
made since 1938, having been replaced 
by later designs. 

The type "I" tube was the forerun- 
ner of the 212 series of Western Elec- 
tric tubes, and was rated at 250 watts. 
Figs. 121 and 122 show two of the ex- 
perimental tubes of this type and Fig. 
123 shows the early commercial type 
which carried the code designation 
"212A." This tube had an over -all 
height of about 13% inches and a di- 
ameter of 35/8 inches. It was intended 
for both oscillator and modulator use. 

The filament current was 6.25 amperes 
at 12.5 to 14 volts. The nominal plate 
voltage was 1500 and the plate current 
100 to 150 milliamperes. The ampli- 
fication factor was about 16 and the 
internal plate impedance about 2000 
ohms. The code and patent markings 
were on the base, as will be seen from 
the photograph. 

Like the 211A, the 212A vacuum 
tubes bore a letter designation follow- 
ing the serial number, to indicate fila- 
ment resistance. In addition they 
bore a 1/2 inch high numeral (1, 2, 3, 
or 4) stamped on the bulb a short dis- 
tance above the base. This numeral 
was determined by the plate imped- 
ance of the particular tube. The clas- 
sification was such that satisfactory 
operation in parallel could be obtained 
with two tubes whose classification 
numbers did not differ by more than 
one. That is, a class 1 tube would op- 
erate satisfactorily in parallel with 
another class 1 or a class 2, but not 
with class 3 or 4. A class 2 tube would 
operate satisfactorily in parallel with 
either class 1, 2, or 3, but not with 
class 4, and so on. 

The 212A Vacuum Tube was re- 
placed in 1924 by the 212D, photo- 
graphs of which are given in Figs. 124 
and 125, and somewhat later the 212E 
was brought out. The 212D tubes were 
classified in accordance with plate im- 
pedance in the same way as the 212A, 
but because of a new filament did not 
require classification in accordance 
with filament resistance. 

In addition to the power tubes de- 
scribed, the Western Electric Com- 
pany also made a number of small 
tubes during this time for non -tele- 
phone applications. Since, for the 
most part, these were similar in struc- 
ture to some of the telephone tubes 
they will be mentioned only briefly. 

The 208A and 209A were the same 
as the 101B and 102A except for the 

(Continued on page 92) 

Fig. 130. Fig. 131. 
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Saga of Vacuum Tube 
(Continued from page 56) 

code and property markings. The 
210A was similar to the 104A. The 
marking "Property of the American 
Tel. & Tel. Company" was omitted and 
the marking "Western Electric Com- 
pany" was applied instead. The 223A 
was similar to the 104D except that a 
heavier filament was used. 

Probably one of the best known of 
the Western Electric small tubes of 
this period was the 216A, which was 
intended for use in the amplifiers of 
small public address systems and simi- 
lar low power applications. It was 
somewhat similar in characteristics to 
the 101D but with a plate structure 
resembling that of the VT1. Figs. 126 
and 127 show several variants of this 
tube. 

There were also a series of rectifier 
tubes using the same general construc- 
tion as the corresponding amplifier 
tubes. The 214A and 217A shown in 
Figs. 128 to 130, were similar to the 
211A and 216A respectively, with the 
grid omitted. The 219A and 219D 
were the rectifier counterparts of the 
212A and 212D. 

In the low filament power field there 
were the 230D and 231 D. These were 
used in the same applications as the 
well known RCA UV199 and UX199 
types. The 221D and 235D were gen- 
eral purpose tubes similar to the RCA 
UV201A. 

The only other early Western Elec- 
tric tube which the collector is likely 
to acquire is the 215A, also known as 
the Signal Corps VT5, and the Navy 
CW -1344. It was first known as the 
type "N" vacuum tube. This is the 

Fig. 132. 

original "peanut" tube, so called be- 
cause of its size. It was the only early 
Western Electric tube to utilize a con- 
centric element assembly. 

The filament was a single strand 
mounted vertically, the grid a spiral 
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wire, and the plate a cylinder. Fig. 
131 shows two of the early variants of 
this tube, the difference being chiefly 
in the bulb size. The tube shown at 
the left in Fig. 132 is the next variant, 
in which the spirally coiled filament 
tension spring has been replaced by a 
single bent wire. These early "N" 
tubes were very sensitive to mechan- 
ical disturbances. This was to some 
extent overcome by modification of the 
element structure to include a glass 
re- enforcing bead as shown in the tube 
at the right in Fig. 132. All of these 
earlier "N" tubes had metal bayonet 
locking pins inserted in the molded 
plastic base. Subsequently, a new base 
with a molded bayonet pin was devel- 
oped and may be seen on the tube 

whose element structure is shown at 
the right in Fig. 133. This variant, in 
which the glass re- enforcing bead has 
been increased in size, utilized magne- 
sium flashing and was the final de- 
velopment of the 215A. 

Somewhat later, for applications 
which required less sensitivity to mi- 
crophonic disturbances, and yet low 
filament power and approximately the 
same electrical characteristics as the 
215A the tube shown in Fig. 134 was 
developed. This was designated 239A. 
Earlier tubes of this code had tips but 
the later ones were of the tipless va- 
riety. 

With this we bring to a close our 
consideration of the earlier Western 
Electric tubes. Very little informa- 
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Fig. 133. 

tion has been published concerning 
the contributions to tube development 
made by this organization. For this 
reason these tubes have been treated 
in as much detail as space will permit. 
In our next article we shall return to 
the consideration of this work as car- 
ried on by de Forest and his co- 
workers, with the aid of funds re- 
ceived from the sale of rights to the 
Audion. 

CAPTIONS FOR ILLUSTRATIONS 
Figure 113. Western Electric Type 

"K" or 202A Vacuum Tube. The ma- 
chined brass base is the size of that 
used by the Western Electric Com- 
pany, and later by others, for the "50- 
watt" type tubes. Photograph cour- 
tesy Bell Telephone Laboratories. 

Figure 114. Western Electric Type 
"W" or 204B Vacuum Tube. This is 
a based tube of the type used in the 
Arlington -Paris tests of 1915. Both 
based and unbased tubes were used 

' in the transmitter. Photograph cour- 
tesy Bell Telephone Laboratories. 

Figure 115. Western Electric Type 
"S" or 204A Vacuum Tube. This is a 
based tube of the type used as a modu- 
lator in the tests which preceded the 
Arlington -Paris transmissions. Photo- 
graph courtesy Bell Telephone Labor- 
atories. 

Figure 116. Western Electric Type 
"G "- second embodiment of the 50- 
watt type tube. Made in 1919. Pho- 
tograph courtesy Bell Telephone Lab- 
oratories. 

Figure 117. Western Electric Type 
"G" -final version -coded 211A Vac - 
uum. Tube -1919. Photograph cour- 
tesy Bell Telephone Laboratories. 

Figure 118. Western Electric 211A 
Vacuum Tube -commercial version of 
the Western Electric Type "G." 

Figure 119. Western Electric 211D 
Vacuum Tube. Replaced 211A Vac- 
uum Tube. This tube has an im- 
proved filament and has the code and 
patent marking on the bulb in baked 
enamel lettering. Photograph cour- 
tesy Bell Telephone Laboratories. 

Figure 120. Western Electric 211E 
Vacuum Tube -similar to the 211D 
except for the inclusion of spiral coils 
in the grid and plate leads. 
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Figure 121. Western Electric Type 
"I" Power Tube -first attempt at 250 
watt air cooled tube and forerunner 
of the 212 series of tubes. Made in 
1919. Photograph courtesy Bell Tele- 
phone Laboratories. 

Figure 122. Western Electric Type 
"I" Power Tube -second version. 
Made in 1919. Photograph courtesy 
Bell Telephone Laboratories. 

Figure 123. Western Electric 212A 
Vacuum Tube -sample of the early 
commercial tubes of this series. 

Figure 124. Western Electric 212D 
Vacuum Tube -improved 250 watt 
tube which replaced the 212A -front 
lighted to show construction. 

Figure 125. Western Electric 212D 
Vacuum Tube -same tube as Figure 
124 except back lighted. 

Figure 126. Western Electric 216A 
Vacuum Tube -early model. The base 
has been made from that of the 208A 

Fig. 134. 

by cancelling the former code mark- 
ing and those of the patent markings 
which did not apply to the 216A. The 
new code number and license notice 
are carried on a paper band around 
the neck of the tube. 

Figure 127. Western Electric 216A 
Vacuum Tube -later version than 
that shown in Figure 126. The code 
and correct patent marking are on 
the base but the license notice is still 
carried on the paper band around the 
neck of the tube. 

Figure 128. Western Electric 217A 
Vacuum Tube -early form -rectifier 
with structure based on that of the 
101D. Photograph courtesy Bell Tele- 
phone Laboratories. 

Figure 129. Western Electric 217A 
Vacuum Tube -later type -rectifier 
version of the 216A. Photograph cour- 
tesy Bell Telephone Laboratories. 

Figure 130. Western Electric 217A 
Vacuum Tube -still later version in 
pear shaped bulb. Photograph cour- 
tesy Bell Telephone Laboratories. 

Figure 131. Left -Early model of 
Western Electric Type "N" tube. 

Right -later model using larger 
bulb diameter. 
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Figure 132. Left -Western Electric 
Type "N" Vacuum Tube -redesign 
showing new filament tension spring. 

Right -Later model with small di- 
ameter glass beads for stiffening ele- 
ment assembly and reducing response 
to mechanical shock. 

Figure 133. Western Electric 215A 
Vacuum Tube -commercial produc- 
tion of type "N "- element assemblies. 
The one at the right with the heavier 
glass reinforcing beads is the later 
construction. 

Figure 134. Western Electric 239A 
Vacuum Tube. 

Left- Complete tube of late type. 
Earlier tubes had the code marking 
on the glass. 

Right- Element assembly of this 
tube with plate opened up to show 
spiral grid and axial filament. 

(To be continued) 

Fundamental Optics 
(Continued from page 26) 

ment automatically. Probably the 
most widely publicized of these is the 
Hardy color analyzer. This instru- 
ment will accomplish in minutes what 
formerly took a trained technician 
hours. 

ßefraction 
As far back as the tenth century 

the Arab Alhazen demonstrated the 
true behavior of light as it passes 
from one medium into another. It 
remained for Willebrord Snell, over 
six centuries later, however, to de- 
termine the mathematical law relat- 
ing the angles of incidence and 
refraction. Snell's law, the law of 
refraction, states that the sines of 
the angles of incidence and refraction 
are in a constant ratio to each other 
for any given medium. Its proof, 
based upon the concept of wave 
fronts, is relatively simple. 

Consider, as shown in Fig. 3, the 
boundary between two materials, one 
less dense than the other, like air and 
glass. The plane wave fronts incident 
upon this surface are brought closer 
together after entering the denser 
medium because the velocity of the 
propagation of light is directly pro- 
portional to the density of the mate- 
rial in which it is traveling. If, too, 
the wave fronts are incident upon this 
boundary at an angle ABC, as shown, 
then the wave fronts will suffer a 
turning action because part of the 
wave will be slowed down sooner than 
the remainder. The wave fronts will 
then leave the boundary at an angle 
BCD. It can be seen, also, that in the 
time that point A takes to travel to 
point C, point B would have traveled 
to point D. The distances AC and BD, 
therefore, are proportional to the ve- 
locities of the light in the two medi- 
ums, or 
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Fig. 11. A number of common 
lenses having spherical surfaces. 

AC velocity of light in air Va 

BD velocity of light in glass Vg 

Mathematically, we can divide both 
numerator and denominator of a 
fraction by the same quantity with- 
out changing that fraction, hence 

AC /CB Va 
BD /CB - Vg 

But it is soon evident that 
AC /CB = sine ¿ABC 
BD /CB = sine ¿ BCD 
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THE SAGA OF THE 

VACUUM TUBE 
By GERALD F. J. TYNE 

Part 12. The period of increased activity in the wireless industry with 
Lee de Forest's development of suitable oscillator and detector tubes. 

WITH 
the money received from 

the sale of the telephone re- 
peater rights on the Audion to 

the Telephone Company, de Forest 
went back to his old laboratory in the 
High Bridge section of New York City 
and resumed his investigations as of 
old. Before long, the laboratory was 
again in operation and things were pro- 
gressing as before. In the discovery of 
the ability of the Audion to produce os- 
cillations, little had been learned con- 
cerning its operating characteristics as 
an oscillator, or generator of alternat- 
ing currents. De Forest, once more 
free from want, at least temporarily, 
began work on the problem of making 
the Audion give high- frequency output 
in useful quantities. 

His peace of mind was not for long, 
however. One of the by- products of 
the wireless boom of 1906 -1907 and the 
stock -jobbing schemes previously men- 
tioned was the indictment of de For- 
est and some of his associates early 
in 1912. They were charged with using 
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the mails to defraud, in connection 
with the sale of Radio Telephone Com- 
pany stock. At the time de Forest 
demonstrated the Audion before the of- 
ficials of the Telephone Company, he 
was free on bail of $10,000 which had 
been furnished by Beech Thompson, 
president of the Federal Telegraph 
Company. De Forest and his associ- 
ates were brought to trial in late No- 
vember of 1913. The trial ran for six 
weeks. So little were the potentialities 
of the Audion realized at that time that 
the indictment charged them with us- 
ing the mails to defraud the public by 
selling stock "in a company incorpo- 
rated for $2,000,000, whose only assets 
were de Forest's patents chiefly direct - 
ed to a strange device like an incan- 
descent lamp, which he called an Au- 
dion, and which device had proven to 
be worthless." This in 1912! 

The Federal District Attorney, Rob- 
ert Stephenson, in summing up his case 
said that de Forest had said 168 " 
in many newspapers and over his sig- 

nature that it would be possible to 
transmit the human voice across the 
Atlantic before many years. Based on 
these absurd and deliberately mislead- 
ing statements of de Forest, the mis- 
guided public, Your Honor, had been 
persuaded to purchase stock in his 
company -" And yet, only two years 
later this feat was accomplished by 
the A. T. & T. Company engineers, 
using improved electronic tubes, based 
on the Audion which the overzealous 
District Attorney held up to such ridi- 
cule! Truly Mr. Stephenson's face 
must have been red! 

The jury rendered its decision on 
New Year's Eve, December 31, 1913, 
seven years to the day after the grid 
was first inserted in the Audion. De 
Forest and his friend and patent attor- 
ney, Samuel Darby, were acquitted. 
Two of their associates were found 
guilty. 

De Forest went back to his work. 
Later in 1914 the Telephone Company 
purchased additional rights to the use 
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Fig. 138. Fig. 139. 

of the Audion, this time in the field of 
radiotelephony, for $90,000. With this 
additional capital de Forest's work 
proceeded more rapidly. The High 
Bridge factory was equipped with new- 
er and better machinery, particularly 
with the latest and best vacuum pump- 
ing equipment. The manufacture of 
"Oscillions," the name given to Au- 
dions intended for use as oscillators, 
first of the smaller sizes and later of 
the larger ones, was begun. 

One of the smaller types developed 
was the so- called "Singer" type Au- 
dion, which obtained its name from one 
of its uses -that of producing audio - 
frequency oscillations, or "singing." 

The earliest models of this type had 
candelabra bases and the grid struc- 
ture was supported by glass rods. One 
of the oscillators, denoted as the "Type 
S Oscillion" incorporating this early 
model is shown in Fig. 135 and the 
Oscillion itself is shown in Fig. 136. 
These Oscillions were used by de For- 
est in a "musical" instrument, the pred- 
ecessor of such present -day devices as 
the Novachord and Solovox. 

De Forest demonstrated this musical 
instrument before the New York Elec- 
trical Society in December 1915. While 
the Proceedings of this Society contain 
no record of this demonstration, there 
appeared in one of the popular elec- 
trical magazines of that time an article 
1 "9 by de Forest on this application 
of the Audion. 

A later variant of the "Singer" type 
Audion, equipped with the "Shaw 
Standard" base, and with radically 
different internal construction is shown 
in Fig. 137. A rectifier version of this 
same tube, later used in some of the 
low- powered de Forest transmitters, 
appears in Fig. 138. 

Other sizes of Oscillions began to 
come into being. De Forest realized 
the growing importance of aircraft in 

June, 1944 

Fig. 141. 

Fig. 140. 

Fig. 142. 

Fig. 143. 
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Fig. 144. Fig. 145. 

the modern way of life and felt that the 
necessity of plane -to- ground communi- 
cations would soon become evident. Ac- 
cordingly, he set about the development 
of an Oscillion aircraft transmitter. 
One of the earlier steps in that direc- 
tion is the transmitter unit held by 
Dr. de Forest in Fig. 139. 

A somewhat similar transmitter, 
using the same type of tube, but known 
as the "Type 0J3 Oscillion Telephone," 
was offered for sale to amateurs in 
1917. 

Other and higher power output Os- 
cillions followed. This tube (Fig. 140) 
operated at a plate potential of 1500 
volts and had an output of 250 watts. 
It was this type of tube which was used 
in the transmitter installed at High 
Bridge. Through this transmitter the 
returns of the Presidential election of 
1916 were broadcast. 

Late in 1915 de Forest engaged 
Robert F. Gowen as chief engineer. 
Gowen was not only a trained scientist 
but an enthusiastic amateur wireless 
operator of long standing. As a stu- 
dent at Harvard he had aided in or- 
ganizing a wireless network for intra- 
mural communications. This organiza- 
tion was known as the "Weld Phonep- 
terograph Company, Ltd." and was 
composed of a number of wireless en- 
thusiasts, each of whom operated a 
wireless station in one of the buildings 
on the campus. 

Under Gowen's supervision High. 
Bridge turned out a number of sizes 
and types of tubes. In the way of de- 
tector tubes there was an improved 
spherical Audion, which is shown in 
Fig. 141. This, like the early Western 
Electric tubes, had a double glass arbor 
for supporting and stiffening the plate 
and grid assemblies, but unlike the 
Western Electric tube had two fila- 
ments. 

Meantime, competition for the busi- 
ness of the radio amateur began to ap- 
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pear. A cylindrical three- electrode de- 
tector tube, known as the "Audio Tron" 
was put on the market by a West Coast 
concern. These tubes were good de- 
tectors, and what was most important 
to the amateur -whose ambitions al- 
ways exceeded his financial resources 
-could be purchased alone. As will 
be recalled from a previous article the 
de Forest Audions could be legiti- 
mately obtained only by first buying a 
complete Detector, after which re- 
newal bulbs could be purchased upon 
returning the old ones. 

Probably to meet such competition 
the de Forest Company brought out a 
tubular Audion, designated as the 
"Type T," which was first offered for 
sale in April 1916. The "Type T" was 
a single filament tube, and sold for 
about the same price as the "Audio 
Tron," which was a double filament 
type. A photograph of two of the 
early "Type T" Audions is given in Fig. 
142. 

Not long after the appearance of the 
"Type T" the de Forest Company put 
on the market the "Type PJ Oscillion 
Telephone," using an Oscillion of about 
the same size as the "Type T" but with 
an internal structure resembling that 
of the older spherical bulbs. 

With the entry of the United States 
into World War I all amateur activity 
was stopped, and the de Forest Com- 
pany began to manufacture tubes for 
the U. S. Government. One of these, 
used by the Signal Corps, was desig- 
nated as the "VT -21." This tube oper- 
ated at a filament current of 1.1 am- 
peres, and had an amplification factor 
of 10 -12, with plate resistance of 60,- 
000 ohms, at a plate voltage of 20 volts. 
The bulb shape of the VT -21 varied. 
De Forest also made tubes for the U. S. 
Navy, one of these being designated as 
the "CF- 185." This tube was at first 
supplied to fit the Navy Standard 

(Continued on page 118) 
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the ends of the crossarm. It is effec- 
tive in providing low angle radiation 
so desirable in ground to ground com- 
munication (as distinguished from 
ground to airplane communication) at 
v.h.f. and u.h.f. frequencies. 

Horizontal Dipoles and Arrays 
Commercial FM and television util- 

ize horizontally polarized waves for 
most broadcasting functions. Some of 
the reasons which have been advanced 
for using this type of polarization are: 

1. There is less reflection from build- 
ings in urban areas. 

2. There is less interference from 
man -made noises. 

3. Arrays of horizontal dipoles are 
easier to construct. 

A single element horizontal dipole 
is slightly directive in itself, having 
maximum radiation in a broadside di- 
rection. This directivity may be in- 
creased by using a long wave antenna, 
or a collinear array of dipoles. Para- 
sitic elements tend to concentrate the 
radiation broadside in one direction. 

In addition to directivity in a hori- 
zontal plane, maximum vertical radi- 
ation at low angle is a most desirable 
feature for antennas in the v.h.f. and 
u.h.f. frequency ranges. This effect 
may be achieved with a broadside ar- 
ray of horizontal dipoles stacked one 
above one other. In commercial FM 
and television, uniform radiation in a 
horizontal direction is often also de- 
sirable, so that points in all directions 
may be served equally well. This uni- 
form horizontal radiation pattern may 
be produced by crossing two horizontal 
dipoles perpendicularly at their cen- 
ters, which combination of dipoles is 
known as the "turnstile" antenna. A 
stacked array of "turnstile" antennas 
will serve two desirable functions, both 
concentrating the radiation in a hori- 
zontal plane and distributing it uni- 
formly in all directions along this 
plane. 

Horizontal dipoles may 
be mounted directly at 
right angles to the cross - 
arm. At the lower fre- 
quencies, these dipoles, 
unless made out of rigid 
tubing, may need auxilia- 
ry support in a horizontal 
plane. Parasite elements 
may be mounted in a 
manner similar to the di- 
poles. Inasmuch as the 
crossarm may be rotated 
in any direction, the direc- 
tivity of such an array 
may be changed at will. A 
stacked broadside array 
may be mounted by using 
an auxiliary vertical shaft 
affixed to the crossarm. 
For "turnstile" arrays, 
however, as with other 
special horizontal arrays, 
it may prove most expe- 
dient to dispense with the 
crossarm and make the 
mounting an integral part 
of the array. 

U- 
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three -contact socket, and had a ma- 
chined fiber base. The grid was of 
fine tungsten wire wound on a glass 
frame. The plates were of sheet tung- 
sten. Subsequently, these tubes were 
made with the later standard four - 
point base and one of this variety, us- 
ing a metal base, is shown in Fig. 143. 
These tubes were also provided with 
an adapter which enabled them to be 
used in the candelbra socket which was 
characteristic of previously made Au- 
dions. The "CF -185" tubes were the 
first to be made by de Forest using 
oxide -coated filaments and were 
claimed to have a life of 5000 hours at 
a filament current of 0.85 ampere.';° 

It will be remembered that when de 
Forest sold the rights to the Audion to 
the A. T. & T. Company he retained 
a personal, non -transferable right to 
make and sell Audions for radio use. 
This he continued to do. In 1914 the 
Marconi Wireless Telegraph Company 
of America, owners of the United 
States Patent on the Fleming Valve, 
instituted suit against de Forest and 
the de Forest Radio Telephone and 
Telegraph Company, claiming that the 
de Forest Audion was an infringement 
on the Fleming patent. De Forest 
promptly filed a countersuit claiming 
infringement of his patents by the 
Marconi Company. Before the cases 
came to trial the Marconi Company 
confessed judgement as to its infringe- 
ment of the de Forest patent and were 
enjoined from further infringement. 
The case against de Forest, which will 
be discussed in a later article, was 
tried and the decision of the Circuit 
Court was filed on September 20, 
1916.171 This decision was later upheld 
by the Circuit Court of Appeals.' 

/ 
"Oh hello, is that you, Mert ?" 

The decision held that the Fleming 
patent had been infringed and an in- 
junction was issued restraining de For- 
est from further manufacture and sale 
of Audions for radio use. This pro- 
duced a stalemate. De Forest could 
not make Audions because they in- 
fringed the Fleming patent. The Mar- 
coni Company could not make Audions 
because that would infringe the de 
Forest patent. They could make Flem- 
ing Valves, but that was not what they 
wanted. 

During World War I de Forest made 
Audions for the U. S. Government un- 
der guarantee of immunity. After the 
War the Marconi Company sued the 
U. S. Government because of the in- 
fringements, and this suit was decided 
only last year. The decision of the 
United States Supreme Court, handed 
down on June 21, 1943,173 held that the 
Fleming patent had not been infringed, 
and that the patent itself was void, 
thus, in effect, reversing the decisions 
rendered back in 1916 by the Circuit 
Court and confirmed by the Circuit 
Court of Appeals. 

After the war the injunctions again 
became operative and the stalemate 
was restored. It was broken early in 
May, 1919,114 when representatives of 
de Forest and Marconi met with a 
West Coast manufacturer named O. B. 
Moorhead. Moorhead had been mak- 
ing and selling "Electron Relays" be- 
fore the war and was ready to engage 
in the manufacture of tubes. The con- 
ference resulted in de Forest joining 
forces with Moorhead, in order to per- 
mit them to use de Forest's personal 
license to manufacture Audions, and in 
the Marconi Company's extending their 
patent rights to the combination for 
the manufacture and sale of receiving 
tubes. The Marconi Company was 
made the distributing agent for the 
combination. Two distributing com- 
panies were organized. The Pacific 
Radio Supplies Company had the West 
Coast territory and the Atlantic Radio 
Supplies Company covered the eastern 
part of the United States. 

The first tubes put out by this corn - 
bination were the unbased Moorhead 
Electron Relay and the Moorhead VT 
Amplifier.173 This latter was a high - 
vacuum tube which had been made by 
Moorhead during the war and sold to 
the U. S. Navy under the designation 
"SE- 1444. "17° 

The unbased Electron Relay was 
soon abandoned in favor of a based 
tube177 which was also called the 
"Moorhead Electron Relay." The base 
was the so- called "Shaw Standard "178 

and was used on the SE -1444 and the 
Moorhead VT Amplifier as well. 

The Marconi Company, in advertis- 
ing the hard tube, designated it as the 
"Marconi VT." This tube bore the de 
Forest and Marconi markings on the 
brass base, in depressed characters, 
and the Moorhead markings etched on 
the glass bulb. The life was claimed 
as 1500 hours.'19 The glass of some of 
these tubes had a golden tinge, and the 
tube was familiarly known as the 
"Golden VT." It operated with a fila- 
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ment current of 0.7 ampere at about 
4 volts.180 

The tubes made and sold by this or- 
ganization were the only receiving 
tubes legally available to the public 
until the foundation of the Radio Cor- 
poration of America. 

A short time later the "Electron Re- 
lay" was replaced by the "De Forest 
Type 20" detector. This was at first 
advertised's' as a "soft" tube, and is 
shown at the left in Fig. 144. Later it 
was apparently made as a hard vac- 
uum tube since the variant at the right 
in Fig. 144 has a getter. 

After World War I de Forest began 
to develop the higher power Oscillions. 
This he could do because the injunction 
applied only to receiving tubes. Two 
of the postwar Oscillions are shown in 
Fig. 145. The tube at the left is of 250 
watts input rating and that at the 
right is 500 watts input rating. Fig. 
146 shows a transmitter made by the 
de Forest Company using two of these 
"500- watt" tubes. Later models of 
these tubes are shown in Fig. 147.182 
These later models, as will be seen 
from the figure, were provided with 
end fittings to facilitate mounting and 
connecting into the circuit. They ap- 
peared on the market about 1920. In 
addition to those shown there was also 
made a 1000 -watt input tube of similar 
construction. 

With the advent of broadcasting the 
market for receiving tubes expanded 
enormously and the demand became 
huge. The Fleming patent expired in 
1922 and its expiration left the de For- 
est Company free to manufacture Au- 
dions for radio use. Some time later 
the De Forest Radio Telephone and 
Telegraph Company underwent a re- 
organization and became the De Forest 
Radio Company. The new company 
proceeded to put out a line of vacuum 
tubes for the broadcast reCeiving set 
market.183 They also made transmit- 
ting tubes, one of which, designated as 
the "Type H" and intended for ama- 
teur use, is shown in Fig. 148. This 
tube was rated at 150 watts input and 
operated at plate voltages from 500 to 
3000 volts.1S4 There was also a recti- 
fier version of this tube known as the 
"Type HR. "ls5 

De Forest's interest in the newly re- 
organized company was a nominal one, 
and he began the pursuit of other 
goals, notably in the sound motion pic- 
ture field. 

The development of the hard vac- 
uum tube occurred almost simultane- 
ously in the laboratories of both the 
Western Electric Company and the 
General Electric Company. The work 
of the Western Electric Company has 
been covered in previous installments. 
In our next article we will discuss the 
evolution of this type of tube in the 
laboratories of the General Electric 
Company. 
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I APTIONS FOR ILLUSTRATIONS 
Fig. 135. "Type S Oscillion." Re- 

produced from page 920 of April, 1917 
Electrical Experimenter. 

Fig. 136. Early "Singer" type Au- 
dion with can.delbra base. Tube loaned 
for this photograph by Robert F. 
Gowen. 

Fig. 137. Later version of "Singer" 
type Audion. 

Fig. 138. Front view of rectifier 
tube of Singer type. 

Fig. 139. Early type of Oscillion Air- 
craft Transmitter, held by Dr. de For- 
est. Photograph courtesy of Robert F. 
Gowen. 

Fig. 140. High power Oscillion (250 
watts), vintage of 1915. 

Fig. 141. Improved form of spher- 
ical Auction detector, with glass arbors 
to promote rigidity of elements. 

Fig. 142. "Type T" Auctions. Left- 
with paper label. Right- turned to 
show "DF" stamped on. plate. 

Fig. 143. "Type CF -185" with four - 
point base and socket. 

Fig. 144. De Forest "Type 20." Left 
-early type of soft tube. Right -later 
tube with magnesium flash. 

Fig. 145. 250 watt input and 500 
watt input Oscillions -front view. 

Fig. 146. Oscillion Transmitter "Type 
OT -200" using 2500 watt input Oscil- 
lions. Photograph. courtesy Robert F. 
Gowen. 

Fig. 147. 250 watt input and 500 
watt input Oscillions- vintage of 1920 
-with end fittings. Photograph cour- 
tesy Robert F. Gowen. 

Fig. 148. De Forest "Type H" short 
wave transmitting tube -vintage of 
1926. 

(To be continued) 
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THE SAGA OF THE 

VACUUM TUBE 
By GERALD F. J. TYNE 

Research Engineer, N. Y. 

Part 13. Covering the developments by the General Meet-vie Co. of higher 
power -output alternators for use in the fields of telegraphy and telephony. 

p' SHE development of the compara- 
tively crude Audion into a satis- 

- - factory high- vacuum telephone 
repeater element was undertaken and 
carried through by the engineers of the 
Western Electric Company because of 
an urgent need. The problems of wire 
telephony in general do not involve the 
use and control of large powers, and 
the Audion, as submitted for their con- 
sideration by de Forest, was limited to 
low power applications. The General 
Electric Company, on the other hand, 
dealt essentially in comparatively 
high -power devices. Why then did they 
become interested in the low -power 
Audion ? Paradoxically enough it was 
because they had need of a high -power 
device -but one with the type of char- 
acteristics exhibited by the Audion at 
low power levels. 

Although in the popular mind the 
name of the General Electric Company 
is associated with power equipment in 
the early 1900's, the engineers of this 
Company had for some years been en- 
gaged in an attempt to develop a radio- 

frequency alternator for long- distance 
communication. The work was begun 
about 1904 at the request of Mr. Reg- 
inald A. Fessenden of the National 
Electric Signalling Company. At that 
time Fessenden was working at Brant 
Rock, Massachusetts, trying to develop 
a method of obtaining a continuous 
flow of high -frequency energy, and had 
requested the General Electric Com- 
pany to undertake the development of 
an alternator to operate at 100,000 cy- 
cles. He was familiar with the work 
done previously at the General Elec- 
tric laboratory by Thompson and 
Steinmetz along this line. Fessenden 
was using an arc transmitter, the only 
satisfactory generator of continuous 
waves of that day. He experienced 
many difficulties in this work because 
the arc was tricky to handle and not 
entirely free from self -modulation. 
When Fessenden appealed to the Gen- 
eral Electric Company to undertake 
this work, E. F. W. Alexanderson was 
assigned the job of developing such an 
alternator. The result of the next few 

years' work on his part was what be- 
came known as the Alexanderson Al- 
ternator. The real significance of this 
development was realized in 1919, 
when the General Electric Company, 
after having spent millions of dollars 
to make such a device practicable, re- 
fused to sell to its only customer, the 
British -controlled Marconi Company, 
and in so doing helped return the con- 
trol of transatlantic radiotelegraph 
stations to the United States.'g" By 
this act also, the General Electric 
Company paved the way for the found- 
ing of the Radio Corporation of Amer- 
ica. 

Therefore, it might be said that in 
the early 1900's the General Electric 
Company was trying to build a ma- 
chine-a mechanical device -to do the 
job of the vacuum -tube transmitter of 
the present day. 

By 1913 Alexanderson had been able 
to construct satisfactory alternators 
of several kilowatts output at fre- 
quencies up to 200,000 cycles."87, 188 

They were satisfactory, that is, for use 

Fig. 149. 
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in continuous -wave telegraphy, but 
could not be used for satisfactory 
radiotelephonic communication since 
no method of adequate modulation of 
their output was available. Alexan- 
derson had tried various methods of 
modulation with varying degrees of 
success. One method utilized a gen- 
erator with its field excited by the 
telephone current. Another involved 
the use of the so- called "magnetic am- 
plifier" or magnetic modulator.ls9 A 
third was the use of a three -electrode 
mercury arc tube, in which an attempt 
was made to control the arc current 
by the use of the third electrode. None 
of these methods was completely sat- 
isfactory, and Alexanderson continued 
his search for a better modulator. 

In 1912 the General Electric Com- 
pany sold to John Hays Hammond, Jr., 
two high -frequency alternators for use 
in his experimental work on radio - 
controlled devices. In October of that 
year Alexanderson discussed with 
Hammond, at the latter's laboratory 
in Gloucester, Mass., the problem of 
obtaining the necessary modulation. 
While there, Alexanderson was told of 
some receiving apparatus, designed 
and constructed by Benjamin F. Miess- 
ner, one of Hammond's assistants, in 
which Audions were used. Alexander - 
son, who had never seen an Audion, 
felt from the description of the Audion 
and its characteristics that it might be 
promising as a high- frequency relay. 
He thought that it was in many ways 
defective but considered that the de- 
fects might be overcome. He there- 
fore arranged to obtain a sample of 
the Audion from Hammond, to see if 
it might be made into a suitable de- 
vice for the application he had in 
mind. 

At Schenectady he showed the 
Audion to Drs. W. D. Coolidge and 
Irving Langmuir, with whom he often 
discussed problems. The discussion 
with Langmuir was fruitful. Lang - 
muir said that he could develop a high - 
vacuum device of the three -electrode 
type which would function satisfactor- 
ily as a high- frequency relay. Alexan- 
derson felt that such a device as Lang - 
muir described could be used not only 
for modulation of the transmitted 
wave from his alternator, but also 
could be used in a new system of re- 
ception on which he was working. Ac- 
cordingly, Langmuir set about the de- 
velopment. 

Irving Langmuir had been in the 
employ of the General Electric Com- 
pany since 1909. He was graduated 
from Columbia University in 1903, and 
had done postgraduate work at the 
University of Göttingen under Nernst, 
receiving his Ph.D. in 1906. When he 
entered the employ of the General 
Electric Company he attacked some of 
the problems still to be solved in con- 
nection with the tungsten filament in- 
candescent lamp. The Coolidge proc- 
ess of making drawn tungsten wire 
had recently been introduced into com- 
mercial manufacture and had given 
rise to a number of problems, as does 
any new process. 

One of the problems which Lang- 
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muir studied in connection with tung- 
sten filament lamps was the blacken- 
ing of the bulbs in service. This same 
problem in connection with carbon fil- 
ament lamps, it will be remembered, 
led to the discovery by Edison of the 
"Edison Effect." It was the common 
idea in the General Electric laboratory 
that this blackening, in the case of the 
tungsten filament lamp, was due to 
secondary causes, among them electric 
discharges. It had been observed that 
the "blue glow," characteristic of in- 
sufficiently exhausted lamps, caused 
very rapid blackening. Also the pres- 
ence of water vapor in the lamp bulb 
accelerated the blackening. From this 
it would seem that better vacuums 
were desirable. 

Others had attempted to solve the 
problem by increasing the vacuum. 
Langmuir adopted a different ap- 
proach. He attempted to determine 
the cause of the blackening by increas- 
ing the amount of the impurities in- 
troduced into the bulb. Particularly 
he studied the effect on the filament of 
gases introduced. Some of these, such 

as hydrogen, would disappear if intro- 
duced in limited amounts. Others, such 
as nitrogen, would react with the 
tungsten vapor given off by the hot 
filament. 

In this work Langmuir had to dif- 
ferentiate between the effects due to 
evaporation of the filament- because 
of its high operating temperature - 
and the effects due to electric dis- 
charges within the bulb. To accom- 
plish this he used low- voltage fila- 
ments to study the evaporation phe- 
nomena, and high -voltage (50 -250 
volt) filaments to study the effect of 
discharges. From all this he began to 
get a picture of what would happen in 
a perfect vacuum. He concluded that 
the blackening of the bulb was due to 
normal evaporation of the filament, 
not to electric discharges. He found 
the reason why the presence of water 
vapor accelerated the blackening. He 
found that even if the vacuum were 
perfect the blackening still would oc- 
cur. 

From his studies he concluded that 
(Continued on page 94) 
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Saga of the Vacuum Tube 
(Continued from page 47) 

the presence of pure gases was not 
harmful, and from this work came the 
high -efficiency, gas -filled incandescent 
lamp. 

During the period just before Alex - 
anderson brought the Audion to his 
attention, Langmuir had been study- 
ing the properties of filaments as a 
function of their length. It was 
thought at the time that with long fil- 
aments, requiring a comparatively 
high voltage for their operation, there 
might be a considerable amount of 

current flowing through the vacuous 
space and hence, for the same total 
current into the lamp, the actual fila- 
ment current might be less and the 
lamp less efficient. Langmuir looked 
for this effect but could not find it. 
That is, in well- exhausted lamps there 
was a negligible space current, re- 
gardless of the length of the filament. 
Others had worked along this same 
line and were of the opinion that in a 
perfect vacuum there would be no 
space current. 

One of these others was Dr. Cool- 
idge, who was working on X -ray tubes. 
In the old- fashioned X -ray tube of 
high power most of the electrical en- 
ergy supplied to the tube appeared 
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at the anode, which would operate 
sometimes at white heat. Coolidge 
used tungsten for the anode and in 
some cases tried tubes with tungsten 
cathodes as well. In the case of the 
tungsten cathodes he found that after 
the tube had been in operation for 
some time the cathode also became 
white hot, and shortly thereafter the 
tube ceased to pass current and be- 
came inoperative. Coolidge was aware 
of the "clean -up" effect of white -hot 
tungsten and believed that the stop- 
page of the tube was caused by its be- 
coming too "hard," that is, the vacuum 
had become too high to permit the 
passage of current. Langmuir's own 
experimental work indicated that 
these currents would become very 
small when the highest vacuums, ob- 
tained by thoroughly baking the lamps 
to free them from occluded gases, 
were attained. 

On the other hand, Langmuir was 
familiar with the work of O. W. Rich- 
ardson on thermionic emission, which 
showed that thermionic emission in- 
creased with temperáture.1°0 Calcula- 
tions based on Richardson's equations 
indicated that at the temperature at 
which Langmuir was operating his 
tungsten filaments the thermionic cur- 
rents should have been hundreds of 
amperes per square centimeter of fila- 
ment surface. He checked the dis- 
charge from a hot filament to a cold 
anode in the presence of mercury 
vapor and found that the space cur- 
rent followed Richardson's law up to 
very high filament temperatures. 
Hence, he concluded that there was 
nothing abnormal about tungsten and 
that the filaments actually were emit- 
ting electrons in accordance with 
Richardson's law. 

The ordinary tungsten lamp of that 
time had a long zigzag filament of six 
loops, with two leads brought out and 
connected to a base for use in a stand- 
ard screw type socket. Langmuir had 
made some experimental lamps in 
which two additional leads, connected 
to intermediate points on the filament, 
were brought out. These leads were 
placed so that between any two con- 
secutive leads there were two loops 
of filament. These lamps were ex- 
hausted by the ordinary procedure, 
but Langmuir then proceeded to raise 
the middle two loops of the filament to 
a very high temperature and vaporize 
the tungsten, so as to "clean -up" the 
vacuum. The act of vaporizing the 
tungsten assists in the removal of 
some of the residual gases. The tung- 
sten vapors will combine with nitro- 
gen, oxygen, carbon monoxide, and 
carbon dioxide, and these are the gases 
which are likely to be present in the 
bulbs. When this was done, and the 
middle portion of the filament burnt 
out, there were left two sections of 
filament electrically separated from 
each other, between which a voltage 
could be applied. 

Langmuir then heated one filament 
by passing a current through it, and 
applied a voltage between that fila- 
ment and the other which was cold. 
He measured the space current as a 
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function of temperature for various 
filament temperatures and compared 
the results obtained with values cal- 
culated according to Richardson's law. 
He found that at first the space cur- 
rent followed the law, but as the tem- 
perature increased the space current 
tended toward a constant value. This 
always occurred, although the limiting 
value was different for different volt- 
ages between the hot and cold elec- 
trodes. He found that this limiting 
current was approximately propor- 
tional to the voltage difference be- 
tween the hot and cold electrodes, and 
to the area of the anode. 

He discovered also that a potential 
applied to the bulb externally affected 
the space current. If, for example, he 
placed one hand on the bulb and with 
the other hand touched the terminals 
of the d.c. power circuit in the labora- 
tory, the space current increased or 
decreased. 

By November 22, 1912, Langmuir 
had accumulated enough data to en- 
able him to formulate a qualitative 
theory concerning the space current. 
This theory, as entered in one of his 
notebooks under that date, was as fol- 
lows: 

"New Theory of Edison Current. The 
velocity of electrons in a conductor 
corresponds to that produced by a fall 
through a potential dif. (sic) of only 
a few tenths of a volt. Electrons leav- 
ing a filament will leave irrespective 
of the presence of a field, but they will 
only travel a very short distance if 
there is an electric field of only 0.1 
volt per centimeter against them. 
Hence, around filament there is an at- 
mosphere of electrons in equilibrium 
with the filament. Below a certain 
temperature the potential is deter- 
mined by wires (i.e. electrodes) only. 

"Above a certain temperature the 
concentration of electrons becomes so 
great that they determine the field. 
Hence, two laws: Richardson's at low 
and some other at high temperature. 

"Cooling bulb has no effect when no 
gas molecules present, but if gas is 
there the molecules collide with elec- 
trons (which have the sante velocities 
as those of the filament) and slow 
them up and make thent more readily 
absorbed by the anode wires." 

This last paragraph was an attempt 
to explain the fact that the presence 
of gas caused an increase in the space 
current. This, we know now, was not 
the correct theory. The increase in 
current when the gas is present at 
high voltage is due to the fact that the 
positive ions formed, neutralize the 
space charge and allow the space cur- 
rent to rise toward the temperature 
saturation value. 

These experiments threw an entirely 
new light on the theory of discharges 
from hot electrodes in very -high vac- 
uums. It showed why, in the past, 
such small space currents were found 
under conditions where large currents 
were indicated by Richardson's equa- 
tion. 

Langmuir attached great impor- 
tance to this explanation and theory, 
and proceeded to make a detailed 
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study of the laws governing the phe- 
nomenon under high- vacuum condi- 
tions. His first step was to have con- 
structed another lamp in which were 
placed two independent filaments, 
both of which could be heated during 
the process of exhausting the bulb. 
The bulb of this lamp was baked at 
high temperature during exhaust and 
a liquid air trap was used to remove 
traces of water vapor and carbon di- 
oxide. Thus Langmuir removed as 
much of the occluded gases as possible, 
and pushed the vacuum to the limit 
attainable with the available equip- 
ment. 

Tests run on this new bulb were 
made using anode voltages up to 250 
volts d.c. and about 500 volts a.c. When 

the test data was plotted in a curve, 
the shape of the curve indicated that 
the space current varied as the 1.5 
power of the voltage. 

This, then, was the background of 
knowledge born of experience that en- 
abled Langmuir to tell Alexanderson, 
in January of 1913, that he could im- 
prove the gadget which Alexanderson 
had obtained from Hammond, and 
make of it a device -vhich would en- 
able Alexanderson to do what he 
wanted. In order to do so Langmuir 
needed another assistant, and William 
C. White was assigned to this work. 
White studied the characteristics of 
the Audion and discussed the results 
of his tests with Langmuir. 

While White was studying the 
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Audion, Langmuir had made up a tube 
similar to the Audion but with leads 
widely separated in order to enable 
him to apply high voltages during the 
exhausting process, and thus heat the 
electrodes by bombardment and free 
them from occluded gases. The results 
obtained were unsatisfactory and 
Langmuir decided to alter the con- 
struction of the tube in such a way as 
to facilitate the evacuation. 

In order to accomplish this he aban- 
doned the conventional Audion con- 
struction and made a three -electrode 
tube in which all three of the elec- 
trodes (filament, grid, and anode) 
were made of wire. The filament was 
made of 2.7 mil tungsten wire and was 
about 51/2 inches in length. The grid 
was of 1.5 mil wire, hand wound on a 
glass frame. The anode was a zigzag 
wire 5 mils in diameter. The filament 
operated at about 2.5 amperes. This 
tube was known as "Tungsten Wire 
Audion No. 2" and is shown in Fig. 149. 

This type of construction was 
adopted so that the electrodes could 
be heated by current from an external 
source during exhaust, in order to ex- 
pel the occluded gases. This form of 
construction was used from March, 
1913 until well into 1914 for all small 
tubes for operation at or below 250 
volts, and somewhat longer for special 
tubes. Samples of tubes using this 
construction are shown in Figs. 150, 
151, 152, and 153. 

After this tube had been exhausted 
and sealed off the pump at a pressure 
of 0.05 micron it was subjected to nu- 
merous tests. In one case the anode 
voltage was held constant at 250 volts 
and the anode current measured as a 
function of grid voltage. Curves plot- 
ted of total space current showed that 
the space current obeyed the 3/2 
power law. These curves are repro- 
duced in Fig. 154. 

This tube was also tested and func- 
tioned satisfactorily as a detector of 
wireless signals. Others made up 
shortly thereafter were also operated 
successfully when tested, in May of 
1913, by Alexanderson for use as 
radio -frequency amplifiers. 

While these experiments were under 
way, Coolidge was continuing his work 
on X -ray tubes. In December, 1912, 
Langmuir had discussed with Coolidge 
the results of his experiments and sug- 
gested that Coolidge try a tungsten 
cathode which could be heated by elec- 
tric current from an external source, 
for the purpose of getting electrons in 
his X -ray tube. He told Coolidge that 
electrons were emitted from such fila- 
ments even in the highest vacuum, and 
that controlling the heating current 
would control the electron emission 
and the space current, independently 
of the applied voltage. Coolidge im- 
mediately proceeded to build an X -ray 
tube using an independently heated 
tungsten cathode of the type sug- 
gested. He used a tungsten anode, 
which he degassed by electron bom- 
bardment while the tube was still on 
the pump. He found it necessary to 
add a focussing shield around the 

cathode, and with this addition ob- 
tained a tube which was steady in op- 
eration, with none of the crankiness of 
the old type of cold- cathode tube, and 
one with which he could obtain repro- 
ducible results. By December, 1913, 
Coolidge had developed this tube to 
the point of commercial use, and de- 
scribed it in a paper before the Amer- 
ican Physical Society.'9' 
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CAPTIONS FOR ILLUSTRATIONS 

Fig. 149. Langmuir's "Tungsten 
Wire Audion No. 2 ". Reproduced from 
Interference Record, Interference No. 
40,380. 

Fig. 150. Early type of wire ele- 
ment Pliotron, now in Science Mu- 
seum, South Kensington, England. 
Photograph copyright by H. M. Sta- 
tionery Office. 

Fig. 151. Left -early Langmuir Pli- 
otron complete. Right- element as- 
sembly on stem. Photograph courtesy 
General Electric Company. 

Fig. 152. Early Langmuir Pliotron, 
before exhaust. This Pliotrom has a 
grid of tungsten wire 0.4 mil in diam- 
eter, wound on a metal frame, with a 
pitch of 120 turns per inch. The anode 
is of 7 mil tungsten wire. Note the 5 
leads, two filament, one grid, and both 
ends of wire anode. Exact date uncer- 
tain, but prior to 1917. 

Fig. 153. Completed, based Pliotron, 
Type CA. Vintage of 1917. This is a 
high -mu triode. The filament takes 
1.0 ampere at 3.5 volts. The usual 
plate voltage was 180 volts. Photo- 
graph courtesy General Electric Com- 
pany. 

Fig. 154. Characteristic curve of 
Langmuir "Tungsten Wire Audion No. 
2 ". Reproduced from Transcript of 
Record, General Electric Company vs. 
De Forest Radio Company, U.S.C.C. of 
A., Nos. 3799, 3800, 3801, March Term, 
1928. 

(To be continued) 
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Fig. 155. Fig. 156. 

THE SAGA OF THE 

VACUUM TUBE 
By GERALD F. J. TYNE 

Research Engineer, N. Y. 

Part 14. Covering the development of the "Kenotron," "Pliotron," 
"Dynatron," and eeMagnetron" by Drs. Langsnuir, Dushman, and Hull 
of the General Electric Laboratories, during the years 1913 to 1921. 

'N APRIL of 1913 Langmuir and 
Dr. Saul Dushman of the General 

- - Electric laboratory attended a se- 
ries of lectures delivered by Professor 
Wilhelm Wien at Columbia University. 
During their return trip to Schenec- 
tady they discussed the work which 
Langmuir and White had been doing 
and it was agreed that Dushman would 
take over that portion of the work on 
the new device which had to do with 
its use as a high- voltage hot -cathode 
rectifier and relay, and that White 
would continue to work on tubes for 
wireless and similar low -power appli- 
cations. 

By June of 1913 Dushman had a 
three -electrode tube which was ca- 
pable of operation, while still on the 
pump, at 20,000 to 40,000 volts on the 
anode and with a space current of 100 
milliamperes. This tube had been ex- 
hausted to a high vacuum by means of 
a Gaede molecular pump. It was a 
bulb about 6 or 7 inches in diameter 
with side arms which contained the 
leads to the electrode terminals. The 
anodes were plates of sheet tungsten 
and the grid a spiral of 1.5 mil tung- 
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sten wire wound on glass supports. It 
was at first operated while still con- 
nected to the pump, but was then 
sealed off and became, in effect, a 
large power tube. After sealing off, it 
could be operated without blue glow at 
10,000 volts on the anode and space 
current of 100 milliamperes. It was, 
on May 14, 1913, used to successfully 
accomplish what Alexanderson had in 
mind when he first brought the Audion 
to the laboratory; that is, to control 
the output of one of his high- frequen- 
cy alternators. Still later it was used 
as a modulator in actual wireless tests. 

This single tube was later replaced 
by a bank of tubes, and in 1919 the 200 
kw. Alexanderson alternator, installed 
at New Brunswick, was modulated 
through a magnetic amplifier by a 
bank of thirty Type "P" Pliotrons op- 
erated in parallel. Fig. 155 shows the 
amplifier used in this work. The anode 
voltage used was about 2300 volts and 
the anode current varied over the 
range 0 to 4 amperes. This repre- 
sented a variation in modulating en- 
ergy of about 4 kw. 

It was in November, 1913 that the 

need was felt for characteristic names 
for these new devices, and the term 
"Kenotron" was chosen for the pure 
electron discharge tube, and "Pliotron" 
for the pure electron discharge relay. 
The word "Kenotron" was derived 
from the Greek "kenos," signifying 
empty space (vacuum) and the ending 
" -tron" used by the Greeks to denote 
an instrument. Similarly "Pliotron" 
is derived from the Greek "pleion" 
signifying more. A Pliotron is thus an 
instrument for giving more, or an am- 
plifier. It was the coining of these and 
other like words to describe later de- 
vices that provoked de Forest into dub- 
bing them "Graeco- Schenectady." 

The first publication dealing with 
Langmuir's work came in October, 
1913 when Langmuir read a paper in 
which he disclosed the method which 
he had used to prepare the electrodes 
and exhaust the tubes in such a way as 
to obtain a pure electron discharge. 
The paper was read at Columbia Uni- 
versity and subsequently published.19? 
During the discussion which followed 
the presentation of this paper, Dr. H. 
D. Arnold brought out the fact that 
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Fig. 157. 

the 3/2 power law for the case of par- 
allel plane electrodes had been pub- 
lished by O. D. Child in 1911,193 and 
that Lilienfeld had previously obtained 
the 3/2 power law experimentally and 
had published his results in 1910.19, 

Later Langmuir published two other 
papers in German publications. These 
later papers covered the same ground 
as his Columbia paper but went into 
somewhat greater detail. 193. 196 

The next publication was by Dush- 
man in the General Electric Review 
and dealt with high -power rectifi- 
ers.197 The tubes described were high - 
voltage rectifiers (Kenotrons) ex- 
hausted to a pressure of 5 X 10 -7 mm. 
mercury (0.0005 micron). Tubes which 
operated at voltages up to 100,000 
volts and with space currents up to 
100 milliamperes were described. 

Then in April, 1915 Langmuir pre- 
sented to the I.R.E. his famous paper 
on "The Pure Electron Discharge and 
Its Applications in Radio Telegraphy 
and Telephony."'" In this paper he 
gave the theoretical equations for the 
maximum space current between par- 
allel plates, and for cylindrical struc- 
tures. This equation came to be 
known, albeit somewhat incorrectly, 
as "Langmuir's 3/2 power law." He 
gave diagrams of the structures used 
in two of the types discussed, both of 
which had wire elements. He also dis- 
closed that Dushman had succeeded in 
making Kenotrons for a voltage of 
180,000 volts at a current of 250 mil- 
liamperes. 

Meantime Dr. Albert W. Hull of the 
General Electric laboratory also had 
been engaged in work on pure electron 
discharge devices. This first came to 
light when he presented a paper, on 
October 30, 1915, before the American 
Physical Society in New York.199 His 
work was somewhat unorthodox. The 
title of his paper was "Negative Re- 
sistance." He had succeeded in ob- 
taining a negative resistance charac- 
teristic in the anode circuit of a three - 
electrode discharge tube by operating 
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it with a positive voltage, higher than 
the anode voltage, on the grid. That is 
to say, he found a region of operation 
where an increase of anode voltage 
caused a decrease rather than an in- 
crease in the anode current. This de- 
vice was dubbed the "Dynatron" and 
was described by Dr. Hull in a paper 
sent to the I.R.E. in January of 
1917.200 This paper is probably the 
first to describe a four -electrode tube. 
One of these tubes, called a "Pliodyna- 
tron," is described and pictured in 
Hull's paper. Figs. 156 and 157, re- 
produced from this paper, show the 
"Dynatron" and "Pliodynatron" re- 
spectively. 

Dr. Hull continued his experimental 
work and some time later published a 
paper on the "Magnetron," the Graeco- 
Schenectady name for a vacuum -elec- 
tric device which was controlled by a 
magnetic field. Electrically it was a 
valve operated by a magnetic field. It 
was really a relay with no moving 
parts or inertia, the only limitation in 
speed of operation being the time nec- 
essary to build up the magnetic field. 

The Magnetron consisted of an evac- 
uated tube of cylindrical shape with an 
axial filament and a cylindrical anode. 
The magnetic field was set up by an 
external coil surrounding the tube in 
such a way that the lines of force were 
parallel to the axis of the tube. The 
characteristics of this device were such 
that with constant voltage between 
anode and cathode, the current flow in 
the filament was not affected by a 
magnetic field weaker than a certain 
critical value, but fell to zero if the 
field was increased beyond this value. 
This was an extremely sensitive meth- 
od of control. In fact, with proper ad- 
justment the simple reversal of posi- 
tion of such a tube and coil in the 
earth's magnetic field is sufficient to 
completely cut off the space current. 

Dr. Hull gave the theory of this tube 
in a paper published in the Physical 
Review in 1921,201 and later in the 
same year described the tube and its 
possible applications before the A.I. 
E.E.'202 

During World War I a very large 
amount of development work was done 
in the field of radio transmission. Ap- 
paratus developed prior to the war 
rapidly became obsolete. It was ap- 
preciated by those in charge of devel- 
opment of apparatus for the Armed 
Forces of the United States that vac- 
uum tubes played an important part 
in the equipment which must be pro- 
vided. For such uses large quantities 
of these tubes were required, and a 
uniform interchangeable product was 
an absolute necessity. We have seen 
already that over half a million of 
these tubes were supplied by the West- 
ern Electric Company, some by the de 
Forest Company, and some by the 
Moorhead Laboratories. The General 
Electric Company also was called upon 
to produce such tubes and because of 
the research work of Langmuir- and his 
associates, and because of their long 
experience in incandescent lamp man- 
ufacture, they were in an excellent 
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position to do so. In fact, the General 
Electric Company supplied over 200. - 
000.tubes to the Armed Forces, the 
great . majority of which were manu - 
factured and delivered in the year 
1918. These tubes were, for the most 
part, manufactured at the Nela Park 
plant of the National Lamp Works of 
the Company at Cleveland, Ohio. 

The bulk of the General Electric 
tubes supplied to the Armed Forces 
during World War. I can be divided 
into .five types. The first of these is 
the Kenotron which was designated by 
the U. S. Signal Corps as the "TB -1," 
of which approximately 4500 were sup- 
plied to the Signal Corps. 

This Kenotron was used in large 
numbers for regulation of the output 
voltage of the wind- driven generators 
used with airplane radio equipment. 
Because of the vibration to which they 
were subjected while in use, they had 
to be of extremely rugged construc- 
tion. Fig. 158 shows three views of 
one of these tubes which, it will be 
seen, had a base of the three -contact 
type, and Fig. 159 shows a generator 
with the tube in place. The bulb was 
about 13 inches maximum diameter 
and extended upward from the base 
about 21; inches. The base was of the 
"Shaw Standard" type. The filament 
was made of tungsten wire, 3.15 mils 
in diameter. It had a total length of 
about 21/2 inches and was helical in 
form. The inside diameter of the helix 
was .145 inch and the pitch of the 
winding was 14 turns per inch. The 
anode was a molybdenum cylinder, 5 
mils thick, 9/32 inch in diameter, and 
5/s inch long. The anode voltage va- 
ried under normal operating condi- 
tions but had a maximum value of 
about 250 volts. The maximum anode 
current was about 125 milliamperes. 
The filament operated at 1.45 amperes 
and the maximum filament voltage 
was 10.75 volts. 

The "Type G" Pliotron was used by 
both the U. S. Navy and the U. S. Sig- 
nal Corps as a detector, amplifier, and 
oscillator for heterodyne reception. It 
was originally made for the Navy un- 
der the designation "CG- 886." As so 
made, it had a Navy standard three - 
point base of composition material. 
Somewhat later, at the request of the 
Signal Corps, this same tube was 
equipped with a four -point base and 
designated as the Signal Corps "VT- 
11." The Navy soon adopted the four - 
point base tube and assigned to it the 
designation "CG- 890." This tube, 
which is shown in Fig. 160, had a tung- 
sten filament, 3.25 mils in diameter 
and was approximately 1 inch long, 
wound as a helix with inside diameter 
of .065 inch, and a pitch of 22 turns per 
inch. The grid also was helical, being 
of 3.9 mil tungsten wire, .120 inch in- 
side diameter, with a pitch of 20 turns 
per inch. The length of the grid helix 
was about 1/4 inch. The anode was 
cup- shaped, of 5 mil nickel, about 1/4 

inch in diameter and 9/32 inch high. 
The filament operated normally at 1.1 
amperes with a voltage of 3.3 to 3.9 

(Continued on page 124) 
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Saga of the Vacuum Tube 
(Continued from page 60) 

volts. The anode voltage used ranged 
from 18 to 44 volts and the anode cur- 
rent from a few tenths to 1 milliam- 
pere. The filament voltage was chosen 
so that the filaments could be heated 
by a two -cell lead storage battery 
without a rheostat. About 111,000 of 
these tubes were delivered to the Sig- 
nal Corps in the early part of 1918. 

The construction of this tube was 
later changed to use a cylindrical 
anode instead of the cup- shaped one, 
and this also resulted in an improve- 
ment in the operating characteristics. 
This improved tube was assigned the 
designation "VT -13" by the Signal 
Corps, while the Navy continued to use 
the former designation "CG- 890." The 
VT -13 had a 3.25 mil tungsten filament 
approximately 1 inch long, mounted in 
the form of a V. The grid was of 7 
mil tungsten wire wound as a helix, 
about .55 inch long, on a mandrel .155 
inch in diameter, with a pitch of 20 
turns per inch. The anode was of 5 mil 
sheet nickel, about 1/4 inch in diameter 
and 1/2 inch long. About 3500 CG -890 

tubes of both types were supplied to 
the Navy. A total of about 1100 of the 
VT -13 type was supplied to either the 
Army or the Navy. 

The "Type T" Pliotron was used as a 
low -power oscillator for small radio- 
telegraph and telephone sets, chiefly 
by the Navy on submarine chasers and 
in aircraft transmitters. The Type T 
was first designated by the Signal 
Corps as the "VT -12," and this tube is 
shown in Fig. 161. This designation 
was used but a short time when 
changes were made in the filament 
design to increase the life of the tube. 
The revised design was assigned the 
designation "VT -14" by the Signal 
Corps and "CG- 1162" by the Navy. The 
bulb was similar to that used for the 
TB -1. The filament was a helix of 
4.05 mil tungsten wire, with a total 
length of about 2 inches. It was sup- 
ported by a molybdenum wire extend- 
ing upward from the press. Concen- 
tric with the filament was a helical 
grid of 7 mil tungsten wire wound 
with an inside diameter of .130 inch 
and a pitch of 10 turns per inch. The 
length of the grid wire was about 3% 
inches, making a helix about 11/29 inch 
long. The anode was a cylinder of 
molybdenum 5 mils thick, with an in- 
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side diameter of %,, inch and a length 
of % inch. The filament normally 
consumed about 7.5 volts at a current 
of 1.75 amperes. The normal anode 
voltage was about 350 volts, and the 
anode current about 40 milliamperes. 
The power output when the tube was 
used as an oscillator was about 5 
watts. It is interesting to note that 
many of these tubes were used by 
amateurs as Barkhausen oscillators in 
the earlier days of amateur activity at 
ultra -high frequencies, after they had 
appeared on the salvage market. 

The "Type U" Pliotron was the first 
of the General Electric "50- watters," 
and the prototype of the RCA UV -203. 
It was designated "CG- 1144" by the 
Navy, and "VT -18" by the Signal 
Corps, and is shown in Fig. 162. It had 
a cylindrical bulb about 2 inches in 
diameter and 6 inches long. The fila- 
ment consisted of a tungsten wire, 
10.1 mils in diameter and having a to- 
tal length of 3 %/s inches. It was helical 
in shape, 1/8 inch inside diameter, with 
a pitch of 20 turns per inch. The fila- 
ment was placed inside a grid helix 
and supported by a molybdenum rod 
passing up the axis of the helix. The 
grid was of 5 mil molybdenum wire 
helically wound on a .200 inch mandrel 
with a pitch of 20 turns per inch and 
a length of 7/3 inch. The grid was sup- 
ported by two molybdenum wires elec- 
trically welded along the sides of the 
helix. The anode was of 5 mil sheet 
molybdenum bent in such a way as to 
form a cylinder 1/ inch in diameter 
and 11/2 inches long, having four fins 
extending % inch out from it. These 
fins were intended to increase the ra- 
diating surface of the anode, thereby 
increasing the permissible anode dis- 
sipation. This tube operated with a 
filament current of 6.5 amperes at 10 
volts. The normal anode voltage was 
750 -1000 and anode current 150 -200 
milliamperes. As a high- frequency 
oscillator this tube would put out about 
50 watts. 

This tube was a later development 
than the other Pliotrons, but was used 
to a considerable extent by the Navy 
in seaplane transmitters. About 1200 
were supplied to the Navy and 200 to 
the Army. 

The largest of the early Pliotrons 
was the "Type P," shown in Fig. 163. 
This was known to the Navy as the 
"CG -916" and to the Signal Corps as 
the "VT -10," and was the forerunner 
of the RCA UV -205. The bulb was 
about 5 inches in diameter. The fila- 
ment was W- shaped, of 7 mil tungsten 
wire, with a total length of 61/4 inches. 
It operated with 3.6 amperes at a volt- 
age of 13 -19 volts. Surrounding the 
filament was a grid of 3 mil tungsten 
wirewound on a rectangular form of 
tungsten or molybdenum. The pitch 
of the grid was 30 turns per inch, and 
it was spaced .090 inch from the fila- 
ment. The anode consisted of two rec- 
tangular plates of 25 mil thick tung- 
sten. These were 2 by 2% inches in 
size, set parallel and 1/2 inch apart. 
The anode voltage was normally 1500 - 
2000 volts and the anode current 150- 
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200 milliamperes. As an oscillator it 
delivered about 250 watts, and was 
used by the Navy in seaplanes and fly- 
ing boats. 

There were other tubes made in lim- 
ited quantities during this period. One 
of these was the VT -16, which was 
being worked on at the time of the 
Armistice in 1918, and which differed 
only in minor details from the VT -14. 
Two other interesting tubes made by 
General Electric are shown in Figs. 
164 and 165. That shown in Fig. 164 is 
a small Kenotron made in the General 
Electric Research Laboratory in 1916 
or 1917. The cone -shaped anode, 
which is of molybdenum, fits closely 
around the filament in order to mini- 
mize the voltage drop in the tube. 
This tube was used to furnish high - 
voltage d.c. for some of the early ex- 
periments which led to broadcast 
transmitters. 

The Pliotron shown in Fig. 165 
might almost be considered the first 
"variable mu" tube. The filament and 
grid were coaxial helices. The anode 
was conical, hence the ratio of grid - 
filament distance to plate -filament dis- 
tance varied at different points along 
their common axis. This tube was 
made about 1919, but only on an ex- 
perimental basis. 

To tube collectors who wish to iden- 
tify the place of manufacture of speci- 
mens of these tubes, the following may 
be of interest. Many of these earlier 
General Electric tubes have hand writ- 
ten markings on the press, such as 
"H -6," "G -25," and the like. Those 
with the letter "H" were made at the 
Harrison Lamp Works and those 
marked "G" were made at Nela Park. 
The numbers following the letter des- 
ignation are lot numbers. 

When the vacuum tubes made for 
the Armed Forces by the General Elec- 
tric Company are compared with those 
made by the Western Electric Com- 
pany one fact stands out in a startling 
manner. Tubes made by these two 
companies for identical purposes were 
totally different in. appearance, ma- 
terials, and structure, yet were inter- 
changeable in use. As an illustration, 
let the reader compare the VT -11 de- 
scribed above with the VT -1 made by 
the Western Electric Company and de- 
scribed in a previous article. Both are 
shown in Fig. 166. No more forcible 
illustration could be made to bring out 
the point that each company brought 
to the field of development of this new 
device its own peculiar background of 
experience, gained through trying to 
solve its own problems in other fields. 

The scientists of these two compa- 
nies, seeking answers to the same 
questions had, because of experience, 
taken different paths but arrived at a 
common designation. 
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CAPTIONS FOR ILLUSTRATIONS 
Fig. 155. Pliotron Amplifier, using 

30 "Type P" Pliotrons, used to modu- 
late the 200 kw. Alexanderson alterna- 
tor at New Brunswick in 1919. Photo- 
graph courtesy General Electric Com- 
pany. 

Fig. 156. Hull's Dynatron. Repro- 
duced from Proc. I.R.E., 1918. 

Fig. 157. Hull's Pliodynatron. Re- 
produced from Proc. I.R.E., 1918. 

Fig. 158. Kenotron TB -1. Photo- 
graph courtesy Bell Telephone Labora- 
tories. 

Fig. 159. 'Wind-driven generator, 
showing TB -1 tube in mounting. Pho- 
tograph courtesy Bell Telephone Lab- 
oratories. 

Fig. 160. General Electric "Type G" 
Pliotron (VT -11, early CG -890). Left 
-completed tube. Center -filament 
and grid assembly. Right -complete 
assembly on stem. Photograph cour- 
tesy General Electric Company. 

Fig. 161. General Electric "Type T" 
Pliotron, VT -12. 

Fig. 162. General Electric "Type U" 
Pliotron (CG -1144, VT -18). Photo- 
graph courtesy Bell Telephone Labo- 
ratories. 

Fig. 163. General Electric "Type P" 
Pliotron (CG -916 or VT -10). Photo- 
graph courtesy Bell Telephone Labora- 
tories. 

Fig. 164. Small Kenotron with Edi- 
son medium screw base and conical 
anode. Used about 1917. 

Fig. 165. Small receiving type Plio- 
tron with helical grid and filament and 
conical anode. Made about 1919. 

Fig. 166. Left- Western Electric 
VT -1. Right -General Electric VT -11. 
These tubes were interchangeable in 
use. Photograph courtesy Bell Tele- 
phone Laboratories. 

(To be con't in January Issue) 
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THE amateur fraternity was small 
during the first decade of the 
twentieth century. Equipment 

was crude; progress was slow and 
beset with difficulties. Little factory - 
made equipment was available and 
reliable construction information was 
difficult to obtain. This sitúation was 
partly alleviated by the International 
Electrical Congress held at St. Louis in 
1904, which became a clearing house 
for information along wireless lines as 
well as other branches of the electrical 
art. At this Congress papers describ- 
ing recent advances in theory and 
practice of wireless were presented 
by John Stone Stone, Lee de Forest, 
J. A. Fleming, and others. 

The de Forest Audion and the crys- 
tal detector both appeared in 1906 -7. 
The crystal detector was adopted in- 
stantly by the amateur. It was simple, 
cheap, and sensitive, and in time came 
into almost universal use. It made 
the amateur receiver really usable. 
The Audion was expensive and short - 
lived, and required expensive auxiliary 
equipment. A dry -cell anode battery 
and a filament storage battery were 
needed. Small dry cells were short - 
lived and the problem of charging and 
otherwise maintaining a storage bat- 
tery was not to be taken lightly. The 
Audions varied greatly in their char- 
acteristics, not only initially but with 
use. Hence they were not widely used. 

In the early part of the second dec- 
ade a number of factors tended to pro- 
mote the use of the Audion. The ranks 
of the amateur fraternity were swelled 
by many hundreds of 'teen age boys 
(and older ones as well) whose interest 
in this fascinating avocation had been 
aroused by newspaper tales about res- 
cues at sea. Stories of the rescue of 
survivors of the ill -fated S.S. Republic 
and S.S. Titanic, and the part played 
by wireless in the rescue work, all 
aroused widespread interest in this 
newest branch of the communications 
art. 

Once the desire was aroused, the 
ingenuity of Young America was called 
upon to provide the necessary equip- 
ment for the home station. The fam- 
ily rolling -pin disappeared from the 
kitchen only to reappear later, dis- 
guised by the application of a layer of 
wire, as a tuning coil. Bits of wire, 
scraps of metal, odd chunks of wood, 
all provided grist for the mill which 
turned out the wireless set of the 
eager constructor. Practically every- 
thing except the headset could be made 
in the cellar workshop, and it usually 
was. It was the era of "haywire" and 
home -brewed apparatus, even for elab- 
orate stations. 

By 1915 the Audion was much better 
known, particularly on the West Coast. 
The opening of the transcontinental 
telephone line and the publicity at- 
tendant thereon, the Panama- Pacific 
Exposition with its displays of wire- 
less equipment -both tended to pro- 
mote knowledge of this device. It 
became the ambition of almost every 
embryonic Marconi to possess an 
Audion. 

The problems of obtaining and main- 
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taining the requisite storage battery 
in the meantime had been lightened by 
the development and use of electric 
starting and lighting systems for au- 
tomobiles. Better and cheaper bat- 
teries and charging equipment were 
available. In most cases, consequently, 
the chief problem confronting the ama- 
teur was that of obtaining the Audion 
itself, and here the ambition still out- 
ran the exchequer. The policy of the 
only legitimate source of supply, the 
de Forest Company, was to sell not 
"Audions" but " Audion Detectors" at 
a minimum of $18 each. The difference 
in name was not great, but the differ- 
ence in effect on the amateur's pocket- 
book was fatal. True, Audions could 
be purchased for replacement purposes 
in Audion Detectors, but the initial 
outlay to obtain the latter would have 
been a crushing blow to solvency. A 
few fortunate amateurs in the vicinity 
of New York City were able to obtain 
Audions on an over- the -counter basis 
in New York, but such sales were in 
the minority. 

This policy on the part of the de 
Forest Company had the effect that 
does sumptuary legislation. Other 

-sources provided a supply of the arti- 
cle in demand, and the making of 
vacuum -tube detectors by "independ- 
ent" manufacturers came into being. 
Some of these made an attempt to 
get around the de Forest "grid patent" 
by using a control electrode on the 
outside of the tube; others frankly 
infringed. 

As readily may be appreciated, au- 
thoritative information on these early 
independent tubes is difficult to obtain. 
Manufacture and sale in many cases 
was carried on sub rosa, and practi- 
cally the only method of tracing their 
evolution is through the advertise- 
ments which offered them for sale. 
As will be seen, these advertisements 
almost always made extravagant 
claims, probably because the manufac- 
turer felt sure that there would be 
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AMPLITRON 
New Vacuum Detector -Amplifier -Oscillator 

Designed By AudioTron Engineer. 
Special Introductory Price $5.25 

More Powerful AmpliAer, More Per.i.tent arc-Motor than fa. AadloTron 

This detector is of the two -member external control type and wee originated by AudioTron 
Engineer, last April. It hoe been developed and greatly improved since that date. Thb irks first public offering. 

AUDIO TRON ALWAYS OFFERS GREATEST MONEY VALUE 
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ROOME WIRELESS APPARATUS 

OSCILAUDION . . $7.50 

The OSCILAUDION is suitable for plain andium 
oscillating auction (ultraudion) or amplication. This 
bulb is used almost exclusively by one of the foremost 
commercial wireless companies. 

Roome Supersensitive Receiving Apparatus in con- 
nection with the above oscilaudion is the last word in an 
efficient long distance receiving set. Using Roome Stn 
rersensitive Receiving Apparatus signals have been 
copied ssoo miles in day time and 75oo miles at night. 
The circuit used is the sante one employed by a commer- 
cial wireless company and is exceedingly simple. Full 
details of titis circuit will be published in an article by 
one of the Roome designers. The apparatus isysoltl at 
e price which brings it within reach of the amateur. 

Send far Complete Set of Oullelitu of Ronne Wireless Apparatus 

HARRY V. ROOME 
tNo N'. Twentir,h . 

. ingeles, Calif. 
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ELECTRON AUDIO 
DETECTOR 
AMPLIFIER 
OSCILLATOR 

ha..< .. 

GUARANTEE 

THE ELECTRON AUDIO 
DETECTOR IS THE 
MOST SENSITIVE DE- 
VICE KNOWN 
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little comeback on the part of the 
purchaser. Hence, little reliable in- 
formation on the characteristics of 
these tubes is available. 

The first of these independent tubes 
to appear was also the last to disap- 
pear, and the most widely sold and 
used of all the early independent tubes. 
It was known as the "Audio Tron." 
This tube was the brain -child of Elmer 
T. Cunningham of Los Angeles. It 
was made at Oakland, California, and 
was first sold in August of 1915. It 
was first advertised for sale in Novem- 
ber, 1915,203 the advertisement being 
that reproduced as Fig. 167. 

The original Audio Tron was a dou- 

56 

ble- ended, cylindrical, unbased tube 
about 34 inch in diameter and 4 to 5 
inches long. It comprised a double 
tungsten filament, a coarse spiral grid 
of copper wire, and a cylindrical alu- 
minum anode. The anode fitted 
rather closely the inside diameter of 
the glass, as will be seen from Fig. 
168, which shows a group of these 
tubes. The Audio Tron sprang into 
instant popularity, particularly among 
those who could not afford the luxury 
of "all de Forest equipment. 

Steps were soon taken by de Forest 
to prosecute the "Audio Tron Sales 
Company" for infringement. In Feb- 
ruary, 1916 the de Forest Company 

filed suit against the Audio Tron Sales 
Company and others. The Audio Tron 
Sales Company filed bond on August 
14, 1916 'and pontinued the manufac- 
ture and sales of its product.204 The 
suit was later settled out of court. 

The de Forest Company, to meet 
this competition, brought out, in April, 
1916, the "Type T" Audion,205 similar 
in appearance to the Audio Tron but 
with a single filament, which could be 
purchased without the necessity of 
buying a complete expensive detector 
unit. The "Type T" was announced 
for sale at $5.50 and Cunningham 
promptly cut the price of the Audio 
Tron to $5.25 to meet this challenge.200 
See Fig. 169. 

The advertisement of the Audio Tron 
in at least one publication was discon- 
tinued after the filing of the infringe- 
ment suit,207 but for a short time an- 
other tube, of the two element type, 
called the "Amplitron" was advertised 
in its place. See Fig. 170. This con- 
tinued for only two or three months 
and subsequent advertisements of the 
Audio Tron Sales Company confined 
themselves to the suggestion that the 
readers write for information on their 
apparatus. 

The war proclamation which ordered 
the dismantling and sealing of amateur 
apparatus was issued by President Wil- 
son on April 6, 1917, hence the market 
for this apparatus disappeared. 

After the war, however, we find 
advertisements for the Audio Tron 
reappearing, first in June, 1919, in 
one magazine,208 and later in oth- 
ers.200 These advertisements de- 
scribed the Audio Tron as having a 
thoriated tungsten filament, with a 
life of 2000 hours, and further stated 
that it was licensed under the de For- 
est patents for use as an amplifier in 
radio communication. It was described 
as "The Original Vacuum -Tube Ampli- 
fier" and priced at $6. Almost simul- 
taneously there appeared for sale the 
"Marconi VT," made by Moorehead, 
and warning that the Audio Tron was 
not licensed under the Fleming pat - 
ents.210 These advertisements con- 
tinued to appear for some time. 

Meantime the Radio Corporation of 
America instituted suit against Cun- 
ningham in the U. S. District Court of 
the Northern District of California 
for infringement of the Fleming- pat- 
ents. Apparently Cunningham was 
capable of presenting a rather strong 
defense in this suit because it was 
settled by agreement out of court. 
This agreement,211 dated June 15, 1920, 
gave to Cunningham a personal, non- 
transferable license under the Fleming 
and de Forest patents for a period of 
ninety days, to manufacture and sell 
tubes of not more than 5 -watts output, 
and not more than 5000 tubes in all. 
These tubes were to be marked "For 
amateur and experimental use only" 
and to be made by Cunningham doing 
business under the name and style of 
"Audiotron Manufacturing Company." 
The tube at the extreme right in Fig. 
168 is one so marked, the markings 
being etched on the glass. 

(Continued on page 92) 
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the more important "image" and other 
forms of interferences increase when 
such low values of i.f. are employed, 
they are no longer widely employed in 
broadcast receivers and, so harmonic - 
of-i.f. interference is now possible in 
some localities. 

Realignment of the i.f. stages of any 
existing receiver thus affected, is the 
usual field cure for trouble of this sort. 
It should be carefully noted and 
checked as to whether the signal op- 
erating at the second harmonic of the 
i.f. is being picked up on the under - 
chassis wiring of the receiver, in addi- 
tion to the antenna. In this case the 
whistle produced will be aggravated. 
In extreme cases, it is possible to elim- 
inate the whistle by providing a wave 
trap tuned to the second harmonic of 
the signal and placed in the circuit 
feeding the mixer stage. 

(To be Continued) 

Saga of the Vacuum Tube 
(Continued from page 56) 

A second agreement,212 under the 
same date, between the Radio Corpo- 
ration of America and Cunningham 
provided that when the ninety day 
license had expired the Audiotron 
Company would discontinue the manu- 
facture and sale of vacuum tubes, and 
would sell Radio Corporation tubes, 
until the expiration of the de Forest 
patent No. 879,532 on February 18, 
1925. These tubes were to be marked 

as Cunningham desired, and no Radio 
Corporation markings were to appear. 
The agreement gave to Cunningham 
not less than 25,000 tubes per month 
and not more than 280,000 tubes total 
during the period which the agreement 
covered. These tubes were to be sold 
to Cunningham at a discount of 20% 
below the lowest net price quoted to 
anyone else. Deliveries were to begin 
September 15, 1920, or as soon there- 
after as possible. 

As a result of the first agreement 
noted above, subsequent advertise- 
ments 213 of the Audiotron Manufac- 
turing Company, successor to the Au- 
dio Tron Sales Company, stated that 
the Audiotron was now free from all 
restrictions. The first agreement was 
modified, on September 13, 1920, and 
the license period extended to October 
15, 1920. The advertisements contin- 
ued up to November, 1920. 

With the December, 1920 advertise - 
ment,214 however, the effects of the 
second agreement begin to appear. 
This advertisement announced the 
"Audiotron Detector Type C -300" with 
four -point base at $5 and the "Type 
C -301 High Vacuum Navy Type Amp- 
lifier" at $6.50. The tubes were "Guar- 
anteed by E. T. Cunningham, trading 
as the Audiotron Manufacturing Com- 
pany." 

The next advertisement, in January, 
1921,215 refers to "Cunningham Audio - 
tron Tubes" in the heading, but "Cun- 
ningham Tubes" in the body of the 
advertisement. 

The following month reference is 

VOICE -COIL IMPEDANCE 
MATCHING TABLE 

AS many radio servicemen have some 
output transformers around their 

shops and do not know the type of 
tubes and voice coils with which they 
can be used successfully, Mr. Ralph W. 
Wilson of Falmouth, Kentucky, has 
sent us the following chart, which he 
has found very useful. 

Mr. Wilson said that this chart is 
simple to use, all that is required being 
a low -range a.c. voltmeter and a 115 - 
volt a.c. source. Connect the primary 
or plate winding to the 115 -volt a.c. 
source and the voltmeter to the second- 
ary or voice -coil winding. The reading 
of the meter may be found on the chart 
under several voice -coil impedances or 
very near them. For instance, a reading 
of 2.9 volts could be used from 3000 

ohms to 2 ohms or from 6000 ohms to 4 
ohms; also from 10,000 ohms to 6 ohms 
or 12,000 ohms to 8 ohms. This, of 
course, gives the proper turns ratio. Of 
course the transformer should be prop- 
erly designed and large enough so that 
it will not reach magnetic saturation. 

The chart is figured for 2, 4, 6, and 8- 
ohm voice coils. For other impedance 
combinations the following equation 
can be substituted: 

1/Zs 
E = - EL 

1/Zp 
in which E =Meter reading on second- 
ary; Zs = Impedance of voice -coil wind- 
ing; Zp = Impedance of plate winding; 
and E L = line voltage applied to primary. 

Voice-Coil lnipedaneea 
Primary 

Impedance 2 ohm 4 ohm 6 ohm 8 ohm 
25,000 1.02 v. 1.45 v. 1.77v. 2.04 v. 
15,000 1.33 v. 1.87 v. 2.30 v. 2.66 v. 
12,000 1.48 v. 2.09 v. 2.56 v. 2.96 v.- 
10,000 1.63 v. 2.30 v. 2.82 v. 3.26 v. 
8,000 1.82 v. 2.57 v. 3.15 v. 3.64v. 
7,000 1.94 v. 2.74 v. 3.36v. 3.88 v. 
6,000 2.10 v. 2.97v. 3.64 v. 4.20 v. 
5,000 2.30 v. 3.25v. 3.99 v. 4.60 v. 
4,000 2.57v. 3.63 v. 4.45 v. 5.14 v. 
3,000 2.97 v. 4.20 v. 5.14 v. 5.93 v. 
2,000 3.64v. 5.15 v. 6.30 v. 7.28 v. 
1,000 5.14 v. 7.25 v. 8.89 v. 10.28 v. 

500 7.27 v. 10.28 v. 12.60 v. 14.54 v. 

made 216 to the "Cunningham Detector 
Tube Type C -300" and the word Audio - 
tron has completely disappeared ex- 
cept for the retention of the firm name 
of "Audiotron Manufacturing Corn - 
pany." 

The next advertisement 217 offers for 
sale the "Cunningham Power Tubes 
C -302, C -303, and C -304" and admits 
that these tubes' are the product of 
General Electric Company research. 

From then on the prominence given 
to the name of the company grows 
less, until in December, 1922 the word 
"Audiotron" completely disappears, 
and the concern is renamed "E. T. 
Cunningham, Inc." 218 

The success of the Audio Tron ap- 
pears to have served as encourage- 
ment to other manufacturers. Short- 
ly after its rise there appeared another 
tube, enough like the Audio Tron to 
have been cast in the same mold. This 
was the Roome "Oscilaudion," first 
advertised 219 in January, 1916 (see 
Fig. 171) by Harry V. Roome of Los 
Angeles. Roome had been advertising 
wireless apparatus for some time, but 
this was the first mention of vacuum 
tubes. Two months later, in March, 
1916, the advertisement reappeared,220 
this time for the "Oscilaudion Bulb 
and Cabinet." No further advertise- 
ments appeared until July, 1916, when 
the "Thermo Tron" was advertise d by 
"The Thermo Tron Company" from 
the same address as Harry V. Roome. 
This advertisement,221 reproduced in 
Fig. 172, is very ambiguously worded, 
making no mention of any restrictions 
as to use. Since it appeared in a wire- 
less magazine, however, the reader 
might be pardoned for assuming that 
it was intended for wireless use. How- 
ever, when the purchaser received the 
device, orderd by mail from the ad- 
vertisement, he received with it a de- 
scriptive leaflet which contained no 
ambiguous statements whatever, but 
described it as an "experimental hot - 
cathode apparatus designed for the 
study of the Edison effect, thermionic 
currents, pure electron discharge, 
passage of electricity through elec- 
trons (sic), and other scientific phe- 
nomena." It also carried the follow- 
ing warning : 

"It is distinctly understood by the 
purchaser that the Thermo Tron is 
sold for the purpose of scientific study 
to be used with the circuits shown in 
this bulletin. If the Thermo Tron is 
used for commercial work in wireless. 
telegraphy as a detector, amplifier, or 
oscillator, or if the Thermo Tron is 
used for commercial work in an Arm- 
strong circuit, or if the Thermo Tron 
is used in any way as an infringement 
of any patent, the Thermo Tron Com- 
pany assumes no liability whatever." 

It might be suspected that the 
change from the "Oscilaudion," which 
was frankly sold as a wireless detec- 
tor, to the "Thermo Tron," à pure sci- 
entific device, was perhaps motivated 
by the legal action initiated by de 
Forest against the Audio Tron at 
about the time this advertisement was 
being prepared. The success of the 
Audio Tron Sales Company in staving 
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off an injunction and continuing busi- 
ness as usual is perhaps reflected by 
the next advertisement,222 appearing 
the next month, in which the name of 
Roome again appears, and the "Super - 
Sensitive Oscilaudion" is boldly adver- 
tised for use as detector, amplifier, or 
oscillator. 

With the Oscilaudion the purchaser 
received a leaflet, of the same size and 
typography as that supplied with the 
Thermo Tron, and using the same cut 
for an illustration, but setting forth 
the virtues of the Oscilaudion as a 
wireless device. 

This was the last time this tube was 
advertised, as far as the author has 
been able to determine, and it is prob- 
able that the source of supply disap- 

peared. The author understands that 
Harry V. Roome was at that time a 
high school boy in Los Angeles, and 
that he obtained the tubes he sold 
from a San Francisco manufacturer, 
who would supply him with only a 
limited number, and who eventually 
refused to sell to him at all. 

There were a few other prewar in- 
dependent tubes on which little infor- 
mation is available. One of these was 
the "Tigerman Detecto- Amplifier," ad- 
vertised 223 in 1917 by the National 
Electrical Manufacturing Company of 
Chicago. Fig. 173 is a reproduction of 
the advertisement which announced 
this tube. It was a double -ended tube 
with two sets of filament -anode elec- 
trodes, one at each end. The control 

PORTABLE POWER PROBLEMS 

THIS MONTH - EASTERN AIRLINES' RADIO COMPASS TEST UNIT 

ACCURATE PRE -FLIGHT TESTS of vital automotive radio com- 
passes on all planes operated by Eastern Air Lines are 
quickly made with a portable, battery -powered oscillator 
unit. This time -saving, dependable instrument was devel- 
oped by Eastern radio engineers, who selected Burgess 
Batteries to provide the necessary voltage for test readings. 

THE OSCILLATOR UNIT is not influenced by external condi- 
tions, permitting service technicians to check for dangerous 
radio compass defects while aircraft are inside hangars or 
close to metal objects. Burgess Industrial Batteries are de- 
signed to meet exacting special requirements. Let Burgess 
engineers help solve your portable power problems. Free 
80 -page Engineering Manual on characteristics of dry bat- 
teries. Write Dept. N -5 Burgess Battery Co., Freeport, Ill. 

Now- 

BURGESS BATTERIES 
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electrodes were applied on the outside 
of the glass and were simple metallic 
bands clamped around the tube, which 
was about 5 inches long and had a 
candelabra base on each end. Appar- 
ently it was not sold to any great ex- 
tent, since an advertisement in April, 
1917 224 offered them for sale "while 
they last" at $5 each. 

The "Electron Audio," another tube 
similar in construction to the Audio 
Tron, was made by the Electron Man- 
ufacturing Company, and was first ad- 
vertised in July, 1916.225 The initial 
advertisement claimed that it was 
"formerly the Audio Tron," and the 
next advertisement,228 reproduced in 
Fig. 174, showed a tube of the same 
construction as the Audio Tron. The 
"Electron Audio," however, could be 
obtained with either a single or a dou- 
ble filament. It quickly lapsed into 
ojscurity, and probably had a limited 
sale, although it was regularly sup- 
plied by at least one manufacturer as 
a part of a radio receiver. In this re- 
ceiver the tube was inserted into an 
"autotransformer," which was claimed 
to be of "remarkable importance to 
our undamped wave apparatus since 
its magnetic field oscillations are ab- 
solutely in synchronism and conse- 
quently stimulate the periodical elec- 
tron discharge from the filament and 
the ionization of the gas within the 
bulb by the heat of the filament "! 227 

Two others of the same type were 
advertised by the Radio Apparatus 
Company of Pottstown, Pennsylvania. 
One was the "Type 36 Electron Detec- 
tor" 228 and the other was the "Liberty 
Valve." 229 The Liberty Valve is shown 
in Fig. 175. Since this company also 
advertised the Audio Tron at the same 
time,230 it may well be that the Lib- 
erty Valve was the Audio Tron with a 
different label. 

Still another tube called the "Oscil- 
lotron" was advertised 231 briefly just 
after amateur activity was resumed 
following the end of World War I. 
This was advertised by the G & M 
Specialty Company of Cleveland, Ohio, 
but no information is available on it. 

There were also two other tubes on 
which the author has been unable to 
obtain information. One of these was 
the "Bartley" tube, which was sold 
about 1919,232 and the other was the 
"Corcoran" tube which is alleged to 
have been made at Lynn, Massachu- 
setts, about 1914 or 1915. 

The only other early independent 
tubes of which the author has knowl- 
edge were those marketed by O. B. 
Moorhead, which will be covered in a 
subsequent article. 

CAPTIONS FOR ILLUSTRATIONS 

Fig. 167. First announcement of the 
Audio Tron. Reproduced from Popu- 
lar Science Monthly and The World's 
Advance. 

Fig. 168. Audiotrons. The second 
from the left has label printed in black 
ink. Third and fourth from left have 
labels printed in red ink. Tube at 
right has markings etched on glass. 

Fig. 169. Advertisement giving price 
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reduction on Audio Tron to meet de 
Forest competition. Reproduced from 
Electrical Experimenter. 

Fig. 170. Advertisement for Ampli- 
tron. Reproduced from Electrical Ex- 
perimenter. 

Fig. 171. Announcement of Roome 
"Oscilaudion." Reproduced from Wire- 
less Age. 

Fig. 172. Advertisement for Thermo 
Tron. Reproduced from Electrical 
Experimenter. 

Fig. 173. Announcement of Tiger - 
mann Detecto- Amplifier. Reproduced 
from Electrical Experimenter. 

Fig. 174. Announcement of "Elec- 
tron Audio." Reproduced from Wire- 
less Age. 

Fig. 175. Liberty Valve. Photo- 
graph courtesy Bell Telephone Labor - 
u tories. 
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ADMIRAL CORPORATION of Chicago 
has announced several organizational 
appointments through its president, 
Ross D. Siragusa. 

Wallace C. Johnson has been named 
Midwest Regional Manager for both 
radios and appliances. His head- 
quarters will be at 444 Lake Shore 
Drive, Chicago. 

United Distributors, Inc., will serve 
as distributors of Admiral radios, re- 
frigerators, electric ranges and home 
freezers in the Boston area and part of 
Vermont, while Appliance Merchandis- 
ers Company of Peoria will handle the 
company products for central Illinois. 

The Bimel Company of Cincinnati 
will handle the appliances in the Cin- 
cinnati area and Griffith Distributing 
Corporation will take care of the com- 
pany's business in Indianapolis. 

* * * 

Z. V. THOMPSON, who has been 
serving as a Major in the U. S. Army 
Air Corps, is re- 
turning to civilian 
status as a sales 
representative f o r 
Tung -Sol's Indiana 
territory. Mr. 
Thompson, who 
held a reserve com- 
mission as Second 
Lieutenant upon his 
graduation from Clemson College in 
1928, returned to active duty with the 
rank of Captain in August, 1941. His 
promotion to Major was effected Feb- 
ruary, 1942. 

* * * 

RAYTHEON MFG. COMPANY has 
launched the coast -to- coast sponsor- 
ship of the "Meet Your Navy" pro- 
gram which is heard on Saturday eve- 
nings, features Navy personnel broad- 
casting from the Great Lakes Naval 
Training Station. 

Rear Admiral Arthur S. Carpender, 
Commandant of the Ninth Naval Dis- 
trict, and Mr. L. K. Marshall, presi- 
dent of Raytheon, were special guests 
at the first performance under Ray- 
theon's sponsorship. Lt. Clint Stan- 
ley is the producer of the Navy show. 

* * * 

FARNSWORTH TELEVISION 
AND RADIO CORPORATION has 
outlined postwar plans for its dealers 
through General Sales Manager, Mr. 
E. H. McCarthy. The distribution 
structure will be a strong distributor - 
dealer operation, with the distributors 
to be selected after exhaustive survey 
of potential sales outlets in each area. 

Fifty distribution agencies already 
have been appointed under the new 
plan and new appointments will be 
announced from time to time. 

* * * 

SAM PONCHER of the Newark 
Electric Company 
elected president of 
the Chicago chapter 
of the National 
Electronic Distribu- 
tors Association at 
a meeting of that 
organization held in 
Chicago. Various 
trade problems 
were discussed and 
an election of officers took place, re- 
sulting in the election of Mr. Poncher, 
and Ralph E. Walker of Walker - 
Jimieson, Inc., to the post of Secretary - 
Treasurer. 

of Chicago was 

* * * 

THE HALLICRAFTERS COM- 
PANY, makers of the SCR -299 mo- 
bile radio communications unit, dedi- 
cated a radio ham "shack" to the 
achievements of the nation's amateur 
radio operators. The "shack" is lo- 
cated at 643 N. Michigan Avenue, Chi- 
cago, and is stocked with a display of 
the company's products. There are 
an estimated 25,000 "hams" in the 
military services at the present time 
and the dedicatory program is cen- 
tered about their work. 

A service flag, commemorating the 
"ham's" military service was presented 
by Chet Horton, member of the Ham - 
festers Radio Club of the Chicago 
area, to the A.R.R.L. Carol K. Witte, 
acting communications manager of 
the A.R.R.L., accepted the service flag 
for the League. More than 50 mem- 
bers of the Hamfesters Club were 
present at the ceremony. 

* s * 

H. V. MYSING is the new manager 
of sales and engineering service for 
RCA's Auto Radio 
Department, ac- 
cording to the an- 
nouncement m a de 
recently by Thomas 
F. Joyce, General 
Manager of RCA's 
Victor Radio, Pho- 
nograph and Televi- 
sion Department. 
Since the outbreak of the war Mr. 
Mysing has been serving with a group 
of RCA engineers working with the 
U. S. Army Signal Corps on an engi- 
neering development contract in con- 
nection with combat radio communi- 
cations problems. His headquarters 
will be in -Detroit. 

* * 

STEWART- WARNER CORPORA- 
TION has appointed George Johnson 
to handle sales promotional work per- 
taining to civilian postwar radios. 
His duties will also include radio dis- 
tributor relations. 

Mr. Johnson comes to the company 
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Part 18. Continuing our study of telephone repeat- 
er -tube developments in this country and abroad 
and their application during the first World War. 
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HE early development of the tel- 
ephone repeater in Germany fol- 
lowed much the same path as in 

Great Britain and the United States. 
Early in 1910 the firm of Siemens & 

Halske attacked the problem along the 
line of producing a receiver-micro- 
phone type of amplifying device. They 
had secured the rights to the receiver - 
microphone repeater which had been 
developed by S. G. Brown in England. 
Using this as a basis, they succeeded in 
producing an improved mechanical re- 
peater which could be adjusted to op- 
erate for some months without exces- 
sive maintenance.271 This mechanical 
repeater is shown in Fig. 196. Its fre- 
quency response was not as good as 
was desired, however, and the search 
for a better amplifier continued. 

In August, 1911, Robert von Lieben 
demonstrated the von Lieben- Reisz- 
Strauss tube (the LRS Relay described 
in a previous installment) to a group 
of representatives of the leading Ger- 
man electrical manufacturers. The 
demonstration, which was conducted 
in the auditorium of the "Institut fur 
physikalische Chemie der Universitat 
Berlin" was so impressive that four of 
these concerns- Allgemeine Elektrici- 
täts Gesellschaft (A.E.G.), Siemens & 

Halske, Felten & Guilleaume Carls- 
werk A.G., and the Gesellschaft fur 
drahtlose Telegraphie (Telefunken)- 
jointly founded a laboratory, called 
the " Liebens Konsortium." 272 This 
laboratory proceeded with the LRS 
Relay development and studied its ap- 
plications. In addition, three of the 
firms undertook development in their 
own Iaboratories. - 

In less than a year this development 
had proceeded to the point where the 
results were presented for considera- 
tion and test to the State Telegraph 
Administration by the A.E.G., acting 
for the Konsortium. These tests 
showed that while the tube was not 
perfect the defects did not present in- 
surmountable difficulties. The chief 
difficulty was that of variation in per- 
formance with changes in tempera 
ture, and it was overcome to a certain 
extent, by operating the tube in a con 
stant- temperature enclosure. In com 
parison with the de Forest Audion 
which had also been under considera- 
tion, the LRS Relay had a lower out- 
put impedance and greater power 
handling capabilities. It was used, be 
fore World War I broke out, on some 
long nonloaded open -wire circuits . 
such as those connecting Koenigsberg 
(Prussia), Frankfort (Main), Cologne. 
Danzig, and elsewhere.273 

After the outbreak of the war there 
was an urgent demand for reliable, 
good quality communications between 
battle areas and the headquarters of 
the Army and Navy. As early as 1914 
circuits using the LRS Relay repeaters 
were in use to connect the Eastern 
Front with the Western Front and 
Berlin. Conversation was successfully 
transmitted over a distance of about 
750 miles between the headquarters 
at Luxembourg and the Hindenburg 
Army in East Prussia. This was ac- 
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Fig. 198 

complished by the use of a single re- 
peater in Berlin. As the fighting fronts 
advanced this single repeater proved 
inadequate, and the rapidly increasing 
length of circuits required the use of 
several repeaters in tandem. This 
necessitated the use of the four -wire 
type of circuit (which was first pro- 
posed by the Dutch engineer, Van Kes- 
teren) in which the tubes were used 
for unidirectional amplification only. 
By this arrangement good speech 
transmission was maintained between 
the Headquarters Staff and Constan- 
tinople, and with, the armies in Mace- 
donia, Rumania, and Russia. By the 
end of the war there were about 100 
repeaters, of both 2 -wire and 4 -wire 
types, in use, which sufficed to take 
care of the urgent military demands. 

In 1917, a program of research was 
instituted with a view to adapting re- 
peaters to general civilian use, partic- 
ularly on cable circuits. After mak- 
ing a study of the action of the Lieben 
tube, the elements were re- arranged 
and a concentric cylindrical element 
assembly, shown in Fig. 197, was 
adopted.274 The mercury vapor filling 
was still retained, however. This 
means that the difficulties of opera- 
tion caused by variations in atmos- 
pheric temperature were still to be 
overcome. These difficulties indicated 
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that a repeater tube which would be 
independent of gas ionization would 
be much to be preferred, and the 
change to a high- vacuum type of tube 
was decided upon. The first attempts 
were actually made by the Telefunken 
Company with the co- operation of Pro- 
fessor M. Pirani, in the incandescent 
lamp factory of Siemens & Halske.275 

The Siemens & Halske Company 
evolved a high- vacuum tube with a 
tungsten filament, known as the type 
"Mc," and the A.E.G. produced the 
"K6" tube. Both these tubes were used 
during the latter part of the war for 
special telephone circuits for military 
use. The Mc tube, shown in Fig. 198, 

operated with a filament current of 
about 2.1 amperes at a voltage of 
about 4 volts, and the K6 with a fila- 
ment current of 1.1 ampere at about 
7 volts. Both operated at an anode 
voltage of about 220 volts, and had a 
spacé current of about 10 milliam- 
peres. The Mc had an amplification 
factor of 6.7 and an internal imped- 
ance of about 10,000 ohms. The out- 
put was about 60 milliwatts.276 The 
U- shaped electrode assembly of the 
Mc tube was adopted in order to obvi- 
ate the necessity of centering the fila- 
ment. At that time it was considered 
impossible to accomplish this center- 
ing by the application of tension to the 
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Fig. 202 

ends of the straight filament wire. 
The K6 tube' employed an assembly 
of plane parallel electrodes.277 

Since the power output required in 
ordinary repeater work is less than 
the output of these tubes, they were 
replaced, after the war, with smaller 
ones designed especially for telephone - 
repeater work. For this purpose 
equivalent tubes were made by sev- 
eral manufacturers, among them Sie- 
mens & Halske, A.E.G., Suddeutsche 
Telefon -, Kabel-, and Draht Werke 
(Nurnberg), C. Lorenz A.G., and Dr. 
Erich F. Huth Gesellschaft. With the 
exception of those made by Huth, 
which used plane parallel electrodes, 
all these tubes had a cylindrical elec- 
trode system. 

The Siemens & Halske tube desig- 
nated as type "BF" may be taken as 
an example of these tubes. It is shown 
in Fig. 199. This tube had a tungsten 
filament operating with a current of 
1.1 amperes at 3.6 volts, thus consum- 
ing only half the filament power of the 
Mc. The anode voltage was 220 volts, 
and the saturation current about 8 
milli ampere 5.278 The amplification 
factor was about 12, internal imped- 
ance about 25,000 ohms, it had a mu- 
tual conductance of about 500 microm- 
hos when operated at -6 volts on the 
grid, and it gave an output of about 
30 milliwatts. The average life ini- 
tially was about 600 hours, but was 
later raised to 1000 hours. 

The BF tube was the first tube to 
be designed from the ground up with 
a view to meeting the rigid require- 
ments of a telephone repeater tube, 
and it was the standard tube for use 
in all the Reichspost amplifiers from 
its introduction in 1920 until 1925. 
The cylindrical electrode system and 
glass supporting structure for the 
electrodes were carefully worked out 
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to secure exact maintenance of the 
relative electrode spacings, and it was 
found to have a low sensitivity to mi- 
crophonic disturbances.279 

Meantime, the advantages offered 
for telephone repeater work by an 
oxide -coated cathode of the Wehnelt 
type, particularly as to constancy of 
filament operating characteristics dur- 
ing the useful life of the tubes, were 
appreciated. Siemens & Halske had 
begun work on this type of cathode 
(which was used in the LRS Relay) in 
1912 and developed a tube with plate 

Fig. 204 

characteristics and power -handling ca- 
pabilities similar to the BF, but using 
a Wehnelt cathode with a platinum - 
iridium core. This tube was designated 
as the type "BO" and was first intro- 
duced on a trial basis in the Post Of- 
fice Amplifiers in 1923.280 It is shown 
in Fig. 200. 

The BO operated with a filament 
current of 1.1 amperes at 1.8 volts, 
thus requiring only about one -half the 
filament power of its predecessor, the 
BF. It operated at an anode voltage 
of 220 volts, and had a mutual con- 
ductance of 700 micromhos and an am- 
plification factor of about 15. It was 
superior to the BF in that it was not 
nearly so sensitive to changes in the 
filament current. The BF required 
that the filament current be held to 
within plus or minus 5% of the nomi- 
nal value, whereas the BO would func- 
tion satisfactorily with variations as 
high as plus or minus 15 %. The BO 
was also an improvement on the BF 
in the matter of useful life, which was 
at least 3,000 hours, an increase of 
200 %. Similar tubes were made by 
the other manufacturers noted above. 

These tubes were satisfactory until 
the need arose for amplifiers of higher 
power output for use in connection 
with submarine, cable work. For this 
application the Siemens & Halske type 
"OCK" tube, shown in Fig. 201, was 
developed in 1926. It had an output 
power of about four times that of the 
BO tube. In obtaining this output the 
amplification factor was reduced to 
about 6, the internal impedance to 
about 5,000 ohms, and the mutual con- 
ductance was increased. The filament 
was longer, and the filament power re- 
quired (1.1 amperes at 2.4 volts) was 
greater than that of the BO. In this 
tube a new grid construction was 
adopted, which involved the use of 
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grid wires of very small diameter. 
Difficulties were encountered in the 
process of welding these grid wires to 
the supporting rings. The difficulties 
were overcome by eliminating the 
welding operation and pressing the 
hard tungsten grid wires into the rela- 
tively soft nickel supporting rings. 
The cylindrical anode was of wire 
mesh, and was blackened to increase 
its radiating ability, and to lessen the 
chances of grid emission. This tube 
was later superseded by the type "Ca," 
shown in Fig. 203, which had greater 
reliability. 

The next telephone tube to make its 
appearance was the type "CO" shown 
in Fig. 202. It had an amplification 
factor of 4 and an internal impedance 
of 1400 ohms. It gave an output of 
about 1 watt and was used chiefly as 
an oscillator output tube. It was sim- 
ilar in construction to the OCK tube, 
and was later replaced by the type 
"Da," shown in Fig. 203, which had a 
longer life. 

The type "Ba," also shown in Fig. 
203, began to replace the BO about 
1933. It operated at a filament cur- 
rent of .5 ampere, and with 220 volts 
anode potential. It required the same 
heating energy as the BO, however. 
For some applications a similar tube, 
designated as the "Be," which operated 
at 130 volts anode potential was also 
used. The advantage of these tubes 
lay in the reduced filament current, 
even though the filament power was 
the same. The lower current resulted 
in economies in the power supply and 
wiring of the repeater stations. These 
tubes also had a longer life than the 
BO, their life being considerably above 
5,000 hours. 

In addition to the telephone repeater 
tubes discussed above, there was an- 
other type of tube used during World 
War I by the German Postal Admin- 
istration for terminal amplifiers. This 
was a double grid type of tube devel- 
oped by Schottky. 231 Two varieties 
were used, one made by Siemens & 

Halske and designated type "110" 
(shown in Fig. 204) and the other by 
A.E.G. and denoted "K26." The fila- 
ment current was .55 ampere at 3.2 
volts for the 110, and it operated at 
12 -24 volts on both the anode and aux- 
iliary grid.282 The amplification fac- 
tor was about 6 and the internal im- 
pedance about 9,000 ohms. The out- 
put was small but the tube was par- 
ticularly adapted to the producing of 
the desired gains at low anode poten- 
tials. This was essential for their use 
in military work, since the terminal 
amplifiers were self- contained porta- 
ble devices operated from their own 
batteries. After the war these fell 
into disuse, since there was no further 
need for the gains which they pro- 
duced. In fact, high gain would have 
been a distinct disadvantage, because 
of the difficulties involved in making 
full use of it. It still survived for ap- 
plications where low anode voltages 
were necessary, as in some types of 
measuring apparatus. 

All the tubes subsequent to the CO 
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having an oxide- coated cathode used 
a platinum -nickel alloy wire for the 
filament core, in place of the platinum - 
iridium alloy formerly used. The 
change was introduced about 1935 and 
the new alloy core had several advan- 
tages. The oxide coating of the old 
core presented a large and variable 
resistance to the flow of the space cur- 
rent, in the case of the BO tube the 
resistance being of the order of 1,000 
ohms, depending on the temperature 
and the condition of the cathode sur- 
face. The use of platinum -nickel in 
the core facilitated the application of 
new coating processes and resulted in 
a thinner and more uniform coating 
with greatly reduced transverse re- 
sistance. It also tended toward sta- 
bilizing the resistance of the filament 
during its operating life. 

It will also be noted that the later 
tubes used a system of plane parallel 
electrodes. This permits the use of 
a W- shaped filament with consequent 
increase in the cathode emitting area. 
The cylindrical construction with axial 
filament previously used limited the 
filament to a single length. Increas- 
ing the length of the element struc- 
ture was the only satisfactory way of 
increasing the emission. This in- 
volved mechanical difficulties particu- 
larly in tubes where the grid was 
placed close to the filament. An ex- 
ample of this is the OCK tube which 
had a filament length of about 1% 
inches, which had to be kept accu- 
rately centered in a spiral grid only 
.118 inch in diameter. The plane par- 
allel electrode system has the disad- 
vantage that more power is required 
to maintain the cathode at the proper 
temperature since the radiation losses 
are greater. The open construction, 
however, facilitates the cooling of the 
grid and thus reduces the chance of 
grid emission. 

With the introduction of the new 
cathode there was instituted a new 
method of nomenclature, suggested by 
the Postal Administration, and exem- 
plified in the tubes shown in Fig. 203. 
It involved a designation composed of 
a capital or upper case letter, followed 
by a small or lower case letter. The 
capital letter indicates the output rat- 
ing of the tube and the small letter in- 
dicates the place of the tube in the 
series of that output. Thus the "Aa" 
tube is the first of the "A" or lowest 
output series. The "Ba" is the first 
of the series with the next higher out- 
put rating. The "Ca," "Da," and "Ea" 
have respectively greater outputs, the 
last mentioned being a 5 -watt tube. 

It is interesting to compare German 
and American repeater -tube develop- 
ment. Both started at about the same 
time (1911) utilizing gaseous devices; 
the Arnold arc in America and the 
LRS Relay in Germany. In 1913 the 
American development of the high - 
vacuum tube with oxide- coated cath- 
ode got well under way, whereas the 
decision to use high -vacuum tubes was 
not made in Germany until 1917. The 
early German high- vacuum tubes used 

(Continued on page 150) 
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ELECTRONIC ENGINEER, with labora- 
tory experience and familiarity with 
circuit design and development work. 
Job will be in connection with high fre- 
quency heating generators and other in- 
dustrial applications of electronics. 
Graduate -Electrical or Radio Engi- 
neering. 

JUNIOR ENGINEER, preferably Engi- 
neering graduate, with experience in 
Radio Engineering laboratory, factory or 
engineering department. Job will be in 
connection with H.F. and A.F. measure- 
ments, and general development work. 

JUNIOR RADIO ENGINEER OR PHYSI- 
CIST, with good mathematical back- 
ground. 

In replying give complete information as 
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status, and salary expected. 
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for work on transformers and 
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are permanent with 40 -year old 
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observed. Box 116, Suite 617, 
1457 Broadway, New York City. 

Speaker Enclosures 
(Continued from page 49) 

with hair felt if possible. This can be 
obtained from auto supply houses as 
it is used under car floor mats, or 
may be the felt pad intended for iron- 
ing boards. In the absence of these, 

Fig. 5. Mechanical dimensions for an en- 
closure employing a 6" speaker. Table 
shows cabinet size for other speaker sizes: 
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12" x 22" x 31" 
15" (or two 10 ") speakers 

13 "x25 "x33" 
18" (or two 12 ") speakers 

14" x 27" x 35" 
All dimensions are o.d., assuming 

3/4" plywood. 

a blanket can be made with rock wool 
insulation and a piece of cloth or, as a 
last resort, a piece of celotex could be 
used. The idea is to absorb the high 
frequency radiations from the back of 
the speaker so they will not be able to 
reflect from the back of the baffle and, 
being out of phase with the speaker 
cone, cancel out some wanted frequen- 
cies therefrom. 

If a less elaborate enclosure is de- 
sired, the dimensions for a smaller, 
simpler model are given in Fig. 5. 
This houses a single heavy duty six - 
inch speaker. The author has been 
using this identical speaker system as 
a monitor speaker on a 15 -watt, 2A3 
amplifier, and the results are very 
good. 

The approximate dimensions for bass 
reflex enclosures for different size 
speakers are given in Fig. 5, and you 
will see that even the largest enclo- 
sures are not too big for an average 
living room. Of course, an enclosure 
might be concealed in a bookcase or 
closet. The variations are practically 
limitless. You can arrange it to suit 
your own personal needs. 

(Ed. Note : For further information on 
phasing of loud speakers, we refer you to 
an article appearing in the April, 1945 issue 
of Radio News, entitled "Phasing of Loud 
Speakers." ) 

Saga of the Vacuum Tube 
(Continued from page 62) 

a cylindrical element assembly with 
axial tungsten filament and having a 
life of 600 -1,000 hours, whereas the 
American tubes were of plane parallel 
electrode construction, using oxide - 
coated cathodes with platinum- iridium 
cores, and with an operating life of 
1,500 hours. 

The first German oxide -coated cath- 
ode tubes using platinum- iridium cores 
appeared about 1923, with a life of 
3,000 hours, and were not in full use 
until 1925. By 1922, however, the 
American tubes had been equipped 
with platinum -nickel cores, with a 
life of 20,000 hours. The use of plati- 
num- nickel filament cores and plane 
parallel electrode systems was intro- 
duced into German practice about 
1933, by which time the American 
practice had abandoned the open con- 
struction and was using a completely 
enclosed electrode system, of oval sec- 
tion to permit the utilization of a W- 
shaped filament. The filament current 
in the standard American repeater 
tubes was reduced to .5 ampere in 
1927, with the same performance, 
whereas this did not take place in 
German practice until 1933. 

The corresponding development in 
Germany of the vacuum tube as ap- 
plied to radio, as distinct from wire 
practice, will be covered in a subse- 
quent installment in this series. 
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CAPTIONS FOR ILLUSTRATIONS 
Fig. 196. Siemens cf Halske Me- 

chanical Repeater. Reproduced from 
Siemens Zeitschrift -1941. 

Fig. 197. Modified von Lieben tube 
with concentric element assembly. 
Reproduced from Archiv fur Ge- 
schichte der Mathematik, der Natur - 
Wissenschaften und der Technik -1930- 
31. 

Fig. 198. Siemens c& Halske type 
"Mc" telephone repeater tube. Lef t- 
Experimental model. Center and Right 
-Production type tubes. Reproduced 
from S. ct H. Veröffentlichungen, 1935. 

Fig. 199. Siemens & Halske type 
"BF" tube. Left- Experimental model 
(1920) using glass star. Right -Pro- 
duction type tube. Reproduced from 
S. d H. Veröffentlichungen, 1935. 

Fig. 200. Siemens & Halske type 
"BO" tube. Reproduced from Elek- 
trische Nachtichtentechnik -1925. 

Fig. 201. Siemens ce Halske type 
"OCK" tube. Left -Early construction 
with glass bracket for cathode attach- 
ment. The grid is unsupported at the 
upper end. Right -Later construction 
with better reinforcement. Repro- 
duced from Siemens & Halske Veröf- 
fentlichungen-1935. 

Fig. 202. Siemens c& Halske type 
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"CO" tube. Reproduced from S. cE H. 
Veröffentlichungen, 1935. 

Fig. 203. Latest developments (1935) 
in telephone amplifier tubes made by 
Siemens cé Halske. Left -Type "Ba," 
which replaced "BO." Center -Type 
"Ca," which replaced "OCK." Right 
-Type "Da," which replaced "CO." 

Reproduced from S. c& H. Veröffent- 
lichungen -1935. 

Fig. 204. Siemens cf Halske type 
"110" tube. Reproduced from "Tasch- 
enbuch der drahtlosen Telegraphie und 
Telephonie" edited by Banneitz, pub- 
lished by Springer, Berlin, 1927. 

(To be continued) 
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By 
GERALD F. J. TYNE 

Research Eng. 

VACUUM TUBE 
Part 22. Concluding article of a historical series 

which has covered the development of the vacuum 

tube from its conception to the end of World War 1. 

NOT long after the EVE173 tube 
was put into production the 
system 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.312 

Probably the first of these tubes to 
be made in any quantity, 250 per day 
in 1918,313 was the RE11, 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 

52 

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.313 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 

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,316 Seddig,317 
and Auer.318 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 
electriides 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 
find considerable research effort being 
expended in Germany on the multiple 
electrode tube. It was early realized 
by Dr. Walter Schottky32° of the Sie- 
mens & Halske 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 modifying the high vacuum 
triode by the insertion of additional 
electrodes. He patented the space 
charge principle in 191532) and the 
"protective network" type in 1916.3 22 

His 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" (Schutznetz) type. An- 
other patent, D.R.P. 300192 issued 
June 21, 1916, covered another double 
grid arrangement. 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 
electrode Schottky tubes were tetrodes 
of the protective network type, known 
as the SSI, SSII, and SSIII. While the 
protective network was a grid inserted 
between the control grid and the anode 
these tubes differed from the modern 
"screen- 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.323 

The early 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 electrode assembly was cy- 
lindrical, the grids were of the "squir- 
rel cage" type, and a double press was 
used. The electrodes were slotted so 
that it was possible to insert the fila- 
ment assembly into the electrode as- 
sembly after fabricating the two sep- 
arately. Fig. 241 (right) shows a sin- 
gle -ended production type tube with 
glass "star" as the support of the elec- 
trode system. 

The SSI was first manufactured in 
1917. It had a filament which operated 
with 0.4 ampere at 2.4 volts. The 
anode potential was 35 volts and the 
potential of the protective network 
was 15 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 
RE97,32, 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 
mutual 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 ampli- 
April. 1946 

Fig. 239 Fig. 236 

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. 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 the SS series. 

In parallel 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 

53 

www.americanradiohistory.com

www.americanradiohistory.com


drrfi 1975 Hal i917 

Fig. 240 

in Fig. 235. It gave about three watts 
output when operated with 400 volts 
on the anode, 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 

Fig. 241 

10 to 20 watts.325 The RS2 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 
RS5, 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 evolut_on 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. 237.326 This tube again 
shows the effect of metal shortages. 
The interior portion of the base, in 
w h i c h 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 between 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 inclination. 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 Vacuum Tube 
(Continued from page 54) 

and far between. Periodicals in par- 
ticular were of limited 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- 

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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318. Auer Studiengesellschaft fur elek- 

trische Leuchtrohren. 
319. Groskowski, J. -'Qes launpes a plu- 

sieurs electrodes et leurs applications en ra- 
diotechnique" Etienne Chiron -Paris -1925, 
p. 125. 

320. Schottky. W. -' fiber Hochvakuum 
Verstärker III Teil Mehrgitterrohren" Ar- 
chiv fur Elektrotechnik. Vol. 8, No. 9, De- 
cember S. 1919, pp. 299 -328. 

321. D.R.P. 310605, issued March 19, 1915. 
322. D.R.P. 87745, issued May 31, 1916. 
323. See reference 323, p. 320. 
324. Polilalunn, R. und Gehrts .4.- 

"Werdegan,q einer Verstarkerrohre" Elek- 
trische NacJarie1ilcit- Teehnik, Vol. 2, No. 3, 
Illoreb 1925, pp. 65 -74. 

325. See reference 316, p. 142. 
326. "TED" is the trade mark of Sud- 

deutsche Telefon -, Apparate-, Kabel -, und 
Draht- Werke, Nurnberg. 

CAPTIONS FOR ILLUSTRATIONS 
Fig. 234. RE11 tube with ballast re- 

sistor. Photograph courtesy Bell Tele- 
phone Laboratories. 

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

Fig. 236. Telefunken RS5. Photo- 
graph courtesy R. McV. Weston and 
Electrical Communication. 

Fig. 237. TKD ST -12 tube. 
Fig. 238. Huth LE219 tube, front 

and side views. Reproduced from Nes- 
pers' "Der Radio Amateur " --1924. 

Fig. 239. Left -Seddig tube. Fila- 
ment 0.56 ampere at 2.8 volts. Right - 
Auer receiving tube. 

Fig. 240. Development of Telefunken 
RS17. Reproduced from Niemann's 
"Funkentelegraphie fur Flugzeuge" - 
1921. 

Fig. 241. Development of the SS 
(Siemens -Schottky) type tube. Repro- 
duced from "Veroffentlichungen aus 
dem Gebiete der Nachrichtentechnik" 
--1935. 

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

Fig. 243. Development of the space 
charge grid tube. Reproduced from 
"Veroffentlichungen aus dem Gebiete 
der Nachrichtentechnik" -1935. 

Fig. 2114. RE16 tube. The top is 
painted red. Reproduced from Nes- 
per's "Der Radio Amateur" -1924. 
April, 1946 

DESIGN FOR QUALITY 

t 

===s16lEI3'_- =Imiimisslle 
POWER 011.11 VERSUS FREQUENCY 

RESPONSE VERSUS FREQUENCY 

p..w..°o 
, . _N e 

S) Sn ewcomib course is plotted for true 
eO.OR1iON VER51.1 5 POWER OVUM reproduction ... minimum distortion: 

A:tual curves from Model 
KX -60, 60 watt amplifier. 

Newcomb design goes beyond that of conven- 
tional amplifiers, whose power output is likely 
to be measured only at their most favorable 
frequency. Newcomb engineering considers it 
important that the power output curve versus 
frequency be as uniform as possible and that 
you get a full measure of power from any 
output tap. You are assured a full -powered 
sound system whatever frequency or output 
impedance is considered. 

N E 5 O D 

True reproduction ... wide, smooth response 
characteristics ... these qualities are not coin- 
cidence. They are carefully planned and built 
into every Newcomb sound system. Judged by 
the strictest standards ... by any means you 
wish .... a Newcomb amplifier is a powerful 
piece of sound engineering. it's bu It to give a 
brilliant performance on the toughest job... 
and it does. 
Write for details on complete Newcomb line. 

O F 
Q U A 

1 T Y 

ftgaa-AUDIO...u,AcTuitiRs PRODUCTS CO. 
DEPT. F. 2815 S. HILL STREET, LOS ANGELES 7, CALIFORNIA 

THE SPEED IRON* 

Patent Applied For 

100 Watts 115 Volts 60 Cycles 

Wherever you have a soldered joint in radio, 
electrical or electronic repair and service 
work, the Speed Iron will do the job faster 
and better. 

The transformer principle gives high heat - 
in 5 seconds -after you press the trigger 
switch. Convenient to hold with a pistol grip 
handle, the compact dimensions of this new 
soldering tool permit you to get close to the 
*T.M. Reg. U. S. Pat. Off. 

joint. The copper loop soldering tip permits 
working in tight spots. The heat is produced 
by the high current flowing through the 
soldering tip -permitting direct and fast 
transfer to the soldered connection. 

If you want to save time on soldering jobs 
with a tool that is ready to use in 5 seconds, 
get a Speed Iron today. See your radio parts 
distributor or write direct. 

WELLER MFG. CO. 
517 NORTHAMPTON ST. EASTON, PA. 
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