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ACUUM

Part 20. Continuing the study of the evolution of the vac-

uum tube and the many mechanical problems that were

confronted in their manufacture during World War 1.

HE manifold . difficulties in the
manufacture and in the utiliza-

L tion of soft tubes, because of the
non-uniformity of the manufactured
product and the erratic behavior of in-
dividual tubes, eventually compelled
the adoption by the British armed
services of hard tubes even though
their. comparative insensitivity neces-
sitated the use of multistage ampli-
fiers. The exact time when this de-
cision was reached is unknown but
Gossling states that29? a study was

made of some “oscillions” imported

from America in 1915 by the Admi-
ralty and that the most illuminating
data was obtained in 1916 by H. M.
Signal School at Portsmouth on re-
exhausted audions of the flat plate
and zigzag wire grid type. Later in
1916 further study was made of a
“pliotron” made by the American Gen-
eral Electric Company.2%8

Meantime, the British Thomson-
Houston Company had been studying
the so-called “French” valve, developed
by the French Military Telegraphic
Service. From all this work came a
receiving tube designated as the R
valve. This tube was widely used in
its various embodiments. Fig. 215
shows two views of an R valve made
by Osram. Tubes of this pattern were
made by all of the British manufac-
turers.

The R tube had an anode of sheet
nickel, bent in the form of a cylinder
about 5/8 inch long and .41 inch in
diameter. The grid was an 11 turn
helix about .2 inch in diameter, the
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wire being .005 inch in diameter. The
filament was of tungsten and operated
with .7 ampere at about 4 volts. The
anode vcltage was 30 to 100 volts,
anode resistance 35,000 to 40,000 ohms,
and amplification factor about 9.

The earliest models of this tube had
a simple helix form of grid patterned
after the French tube. This proved to
be very microphonic and later tubes
had the grid stiffened by means of a
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catenary suspension. Such was the
construction of the B.T.H. Type 4
tube.

The base usually applied to the R
tube was of the type originally de-
veloped for the French tube. It has
been called by various names such as
“Burndept,” “Continental,” and “Euro-
pean.” The dimensions and pin spac-
ings are given in Fig. 216. The outer
metallic shell was of copper or (later)
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brass, and the pins were set in a ce-
ramic insert.

The R2 tube, second in the R series,
has been discussed in a previous instal-
ment. The author has been unable to
obtain any information concerning the
R3 and does not know whether or not it
was ever manufactured commercially.

Now it must be remembered that
this tube development was going on in
the midst of a world war. Engineers
and scientists were working under
pressure to satisfy the incessant de-
mand for more and better communi-

Fig, 221

cations equipment. The chief naval
communications problem in the early
part of World War I was to get good
c.w. reception. Audions and other soft
tubes were used in naval installations
as local oscillators in heterodyne c.w.
reception. The audion first came into
prominence in naval work for this ap-
plication. The extent of its use is in-
dicated by the fact that there were 800
audions of de Forest manufacture in

- service for the Admiralty in 1917.

Small arc generators had previously
been used as local oscillators but were
troublesome, and even the smallest
which could be conveniently operated
gave a much higher output than was
desirable. The Audion and the Round
tube operated satisfactorily over the
entire range of frequencies required.
but were short-lived and difficult to
handle.

Up to this time, the British Thom-
son-Houston -Company had been suc-
cessful in the manufacture of R type
tubes, but the standard R- tube would
not oscillate over the complete fre-
quency range used in this work. They
now proposed to develop a high-vac-
uum tube to replace the Audion and
other soft tubes in use. The R} was
born of observations made by Mr. Ed-
mundsen of the B.T.H. Co. in the
course of this work. A number of
modifications of the R tube were made
up for trial, and by accident one of

these experimental tubes had a dis-

torted filament. The distortion was
such as to bring the filament and grid
very close together. Mr. Edmundsen
observed that this tube was very satis-
factory in operation, being capable of
meeting all the requirements for this
application. But it was not reproduci-
ble. The R4 was an attempt to dupli-
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cate, in a commercially manufactur-
able tube, the characteristics of this
“freak.”

The grid diameter was made as
small as possible, the diameter and
pitch being chosen to accomplish the
desired effect. The anode was of
nickel sheet about .006 inch thick, bent
in the form of a cylinder .36 inch in
diameter and .68 inch long. The helical
grid was of molybdenum wire, .006
inch in diameter, wound with a pitch
of 25 turns per inch, had an internal
diameter of .14 inch and a length of
.79 inch. The filament was of tungsten
wire containing 1% of thorium, about
3.5 miles in diameter and 1 inch long,
and crimped to eliminate tensile
strains. The filament operated with
about 1.1 amperes at 3.5 to 4 volts.
The anode voltage ranged from 45 to
55. This low anode voltage greatly
eased the requirements on the hard-
ness of the vacuum to be obtained.

The characteristics of this tube com-
pared very favorably with those of the
soft R2. The working temperature of
the filament was sufficiently low so
that the crackling noises, usually ex-
perienced when thorium was used,
were not present.

The first of these tubes, made by the
B.T.H. Company, had a life of about
1500 hours and attempts were made by
other manufacturers to improve the
tube and attain longer life. This was
finally achieved by the Osram-Robert-
son Works, by the development of an
extremely hard exhaust which could
be obtained with a minimum of bom-
bardment. The commercial product of
these tubes was long-lived, some last-
ing for 8000 hours, while the general
run had a life of several thousand
hours. The R} was also made by Edis-
wan, and Stearn Lamp Company.

The R4 was redesigned about a year
later to reduce the filament power re-
quired. The diameter and length of
the anode were reduced, the pitch of
the grid increased slightly and the fila-

RADIO NEWS



FoR YOU- s
MURDOCK
Zdie

HONES

DEPENDABLE
PERFORMANCE

ALWAYS/!

Now, the distinguished war-service -record of
MURDOCK Radio Phones will serve you well.
Vital war-proved features assure remarkable
HEAR-ABILITY!

MURDOCK'’S improved listening qualities received their pre-
view on world-wide battlegrounds. Their PERFORMANCE under
the toughest war operating conditions emphasized their DEPEND-
ABILITY as never before. Through 41 years, and two wars,
MURDOCK'’S top-notch qualities have earned for them the praise,
“The keenest ears in Radio.”

MURDOCK “precisioneering” has become Radio’s standard
for super-sensitive reception and trouble-free operation. That's
why radio men everywhere consistently show their preference
for MURDOCK Phones — A preference founded on Performance
and Reliability.

SUB-CONTRACTS WELCOMED
Let us help you! We're at your service to
help you turn out more Radio Phones and
related parts. Our organization has had
40 years’ experience. Write us today.

for
Catalog

WM. J. MURDOCK CO.

175 Carter St., Chelsea 50, Mass.

34

ment wire changed to 2.4 mil diameter
thoriated tungsten. The redesigned
tube was designated R.. and is shown
in Fig. 217. It operated with a fila-
ment current of about .65 ampere at.
2.5 to 4 volts. The life of the R.x was
was about 1500 hours. The filament
operated at a somewhat higher tem-
perature than that of the R and,
hence, the tube was somewhat noiser.

The R.s, shown in Fig. 218, was de-
signed for use in amplifiers where the
noise introduced by the R,. was objec-
tionable. The element structure was
practically the same as that of the
R.. except that the filament was of un-
alloyed tungsten. It operated at the
same filament current as the R.u but
at a somewhat higher filament volt-
age, the range of voltage being 3.4 to
3.9 volts.

The final development of high vac-
uum receiving tubes for British- Naval
Service, during World War I, was the
R;s, manufactured by the “Z” Electric
Lamp Company (among others) and
shown in Fig. 219. This tube was
evolved experimentally from the R se-
ries and followed in its general design
one of the high vacuum receiving tubes
developed by Captain Round, which
will be discussed later. The first quan-
tity production did not come up to
expectations and the tube was rede-
signed to increase the ratio of satura-
tion current to working current. With
this change it was satisfactory. The
anode was of nickel sheet, .006 inch
thick, in the form of a cylinder .36 inch
long and .36 inch in diameter. The
helical grid was composed of 14 turns
of .004 inch diameter molybdenum
wire, with a pitch of about 22 turns
per inch and an internal diameter of
115 inch. The filament was of pure
tungsten, approximately 2.5 mils in di-
ameter and .87 inch long. It operated
with a current of about .65 ampere at
about 3.6 volts. The anode potential
used was 30 to 60 volts.

It will be noted from the photograph
that this tube differed from the rest
of the R series in its method of mount-
ing. The bulb and cap used on this
tube were developed by Captain Mul-
lard for the use of the R.F.C. The ra-
tio of diameter to length of the anode
is also different from other tubes of
the R series, being greater. This
change was made to reduce grid-anode
capacitance. This capacitance was
about 2- uufd. when the tube was cold
and somewhat less when the filament
was in operation. One drawback was
found. Leakage developed between the
electrode leads outside the glass, due
to the cement used to.attach the caps
being hygroscopic.299

The design of this tube was inade-
quate in some other respects. The
thin spring wire after heating lost its
elasticity and the lack of suitable
spring action caused considerable fila-
ment breakage while tubes were still
on the exhaust pump. The adjustment
of spring tension was quite critical. If
the tension was too great the filament
would break, if too little it would sag
and touch the grid.

There were two other tubes made
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for use in Air Force equipment, which
were similar mechanically to the R5,
These were known as the “Air Force
C Valve” and “Air Force D Valve.” An
Air Force C Valve made by Osram is
shown in Fig. 220. This tube was first
introduced about September, 1918. It

~was a high-vacuum triode for receiv-

ing purposes and had a pure tungsten
filament which operated at 5 volts and
.75 ampere. It had an amplification
factor of about 6 and anode impedance
of 16,000 to 30,000 ohms. The anode
voltages used were between 50 and 70.

The Air Force D, which was a soft
tube for use as a detector, was first
employed about January, 1919. It re-
sembled the C in external appearance
and mounting but the anode was of
larger diameter and the grid was of
gauze rather than the helical wire
type.

The design of the R5 was based on a
high-vacuum tube which had first been
produced for the British Marconi Com-
pany in 1916 by Captain Round, and
designated by them as V24. It is shown
in Fig. 221. The V24 was intended spe-
cifically for use as a high frequency
amplifier, since it had been found that
it was impracticable to build a satis-
factory multi-stage amplifier using R
type and similar tubes of the single-
ended construction with the conven-
tional base. The common type of mul-
ti-stage amplifier at that time was
resistance-capacitance coupled, and
the interelectrode capacitances of the
R tube were a considerable shunt on
the resistance. Accordingly, in the de-
sign of the V24, Captain Round strove
to reduce these capacitances as much
as possible by separating the leads as
far as possible. This was accomplished
by using a cylindrical bulb and bring-
ing out leads to the axial filament at
opposite ends, while the anode and grid
connections were brought out on caps
on the sides of the bulb. This tube,

" which had a spring tensioned filament,

operated with a filament current of .75
ampere at about 5 volts. The anode
voltage used varied between 20 and
60 volts. The amplification factor was
about 6 and the internal impedance
15,000 to 20,00 ohms. Six of these tubes
were used in the famous Marconi D-55
Amplifier as high frequency amplifiers.
This amplifier was widely used in ma-
rine work. In fact this tube was still
being made, by hand, for replacement
purposes in these amplifiers, up to
about 1937.

. A companion tube to the V24 was the
Marconi type @, which was used in the
D-55 Amplifier as a detector, following
the six stages of high-frequency am-
plification. This tube was similar in
appearance and mounting to the V24,
as may be seen from Fig. 222. It dif-
fered chiefly in the construction of the
grid, which was of fine mesh gauze,
and which was carried on two glass
beads through which the filament leads
passed. This tube had a higher ampli- -
fication factor and internal impedance
than the V24, the values being 50 and
150,000 ohms respectively. It also re-

(Continued on page 129)
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the 10.000 ohm resistors across the
windings of the if. transformers
should be replaced with ones of higher
value. 50,000 ohms represents a good
compromise value. If this change is
made, it is well to loosen the coupling
of the i.f. transformers by spacing the
windings 1” to prevent double peaks.
The 8 meter indicates relative sig-
nal strength and may be calibrated in
arbitrary units to suit the user. In
use the reading will never fall com-
pletely to the zero mark even with a

strong signal, as there is always some:

plate current flow, even when the a.v.c.
circuit develops a high grid bias. This
is not troublesome as the meter may
be set to give an optimum reading on
a strong signal by adjusting the meter
resistor R;.

Future plans for the receiver call
for the addition of a provision for FM
reception, as well as some means of
varying the selectivity by means of a
panel control. There is also a possi-
bility that the r.f. coils may be made
plug in to allow coverage of additional

bands.
50—

Saga of the Vacuum Tube
(Continued from page 56)

quired a higher anode voltage (up to
150 volts) for good operation.

World War I, with its imperative de-
mands for communication equipment,
brought about forced draft develop-
ment in Britain as well as in America.
When the need for vacuum tubes in
quantities became manifest, the Brit-
ish military communications officers
could turn only to the incandescent
lamp manufacturers for production in
quantity. These manufacturers, like
the General Electric Company in
America, made use of the materials
and techniques with which they were

familiar, and the background of the

makers was reflected in the product.
They abandoned the oxide-coated cath-
ode of Round and went to a filament
of tungsten, in the working of which
they were experienced. This channeled
the development along incandescent
lamp lines, in order to permit of quan-
tity production in the shortest possible
time.

In America, where the high vacuum
tube was developed from 1913, the sit-
uation was different. For military pur-
poses, the American government had
another source of supply in the West-
ern Electric Company, who by the time
of the war were already manufactur-
ing high vacuum tubes for use in the
telephone system. Their development
had followed a different line. Their
thinking was also conditioned, not by
experience in the manufacture of sim-
iliar devices but by the objective of.
insuring the operation of the device
over long periods, with complete re-
liability and uniformity of characteris-
tics, and with only infrequent routine
attention. In the quest of this desid-
eratum, they had surveyed the possi-
bilities and had focussed their effort
on the oxide-coated cathode as being
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the best suited to these requirements.
Hence, in this country, development
had proceeded along both paths and
in the end both types of tubes were
used by the armed services.

The result of these parallel lines of
development is that there are excel-
lent cathodes of either type available
today. The tungsten filament has
proven to be peculiarly well fitted for
use in large transmitting tubes while
most of the tubes used in the home ra-
dio receiver are of the oxide-coated
cathode type.

CAPTIONS FOR ILLUSTRATIONS

Fig. 215. Osram tyne “R” with Bu-
ropean base. Photograph courtesy Bell
Telephone Laboratories.

Fig. 216. Dimensions of European
base. ¢

Fig.217. Osram R}A valveegquipped
with candelabra base. Photograph
courtesy Bell Telephone Laboratories.

Fig. 218. Osram R4B valve with
European base. Photograph reproduced
from page 646 of Wireless World for
August 19, 1922.

Fig. 219. Osram R5 wvalve. Photo-
graph courtesy Bell Telephone Labora-
tories.

Fig. 220. Air Force “C” valve. Pho-
tograph courtesy Bell Telephone Lab-
oratories.

Fig. 221. Two views of Marconi
V24 Photograph courtesy Bell Tele-
phone Laboratories.

Fig. 222. Marconi type “Q@” valve.
Photograph courtesy Bell Telephone
Laboratories.
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lating tube, sometimes called a cath-
ode follower. This cathode follower
is a simple resistance coupled ampli--
fier, the entire load resistance of which
appears in the cathode circuit. Any
input voltage applied to the grid of the
tube will cause an increase in current
through the tube.and a consequent in-
crease in the voltage at the cathode.
This increasing voltage is in opposi-
tion to the action of the initial applied
voltage, consequently reducing the ef-
fective amplification of the tube. The
final result is that the tube does not
amplify at all; the voltage at the cath-
ode “follows” that at the grid, to a
close approximation. However, one
useful purpose has been achieved. The
input resistor for the cathode follower
stage can be made very high. The
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