THE SAGA OF THE
VACUUM TUBE

By GERALD F. J. TYNE

Research Engineer, N. Y.

Part 10.
1914 to 1918, as a result of the research work done by Western Electrie.

Covering the evolution of the vacuum tube through the years

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

THUS far we have considered but

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
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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 %4 inch and between plates
about % 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-
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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 metal 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)
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Combination Ta Cainet

Modern table type phono cabinet, highly
finished walnut. Dimensions: 14” front
to back, 16” side to side, 5%2” bottom of
table panel to top, height over all, 13”.

table p  helg!
last o e Y §T.95

671, V. B. BATTERY
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W. to replace Min-
Max of same size.
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7Y, V. C. BATTERY

4" W. x 2%" H. x %"
D.

39¢ each

10 for $3.50
2 CELL 11," V. A.
BATTERY

Heavy Duty

3%"” H.x 1" D. x
1%" W.
35¢ each. 10 for $3.00

40,000 — New, First Quality Discs
Recording Type — Paper Base

HIGH-QUALITY, double faced recording

discs. Umformly coated to mirror-smooth-
Non-inflammable. Made of durable
Low surface noise.

ness.
paper-bond base.

While Diam. Quantity Net
They % 8” 10 in Pkge. $1.45
Last 10”7 10 in Pkge. 1.75

SERVICEMEN’S SPECIAL!—10
lbs. Radio Parts Kit. Consists of all
only $2.95

usable radio parts

FREE! Servicemen write today for free cata-
log listing thousands of parts bargains hardware
and replacement parts.

We Save You Money
Drop a Post Card Today

10% MinimumDepositRequiredwith Order

RANDOLPH RADIO

609 WEST RANDOLPH ST., CHICAGO 6, ILL

“Millions of Parts for Millions of Radios”

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% inch wide
and 1% inches high, spaced % 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 VTls 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

<«{mm Screwdrivers
The original screwdrivers with the
tough, transparent XceLite shock-

proof plastic handles. Blades of high
quality steel, accurately machined.
Unsurpassed tools for electrical and
general use. Over 50 sizes and styles,
square and round blades. Many sizes
available with special fire-resistant
handles at slightly higher prices.

Nut Drivers smp>

Ideal tools for electrical work,
especially panel jobs. Extra
deep sockets, precision ma-
chined, handles two nuts.
Handles are genuine shock-
proof fire resistant XceLite.
Supplied in 6 inch and 9 inch
lengths; 9 sizes from ¥ inch
to ¥2 inch nut size.

XceLite Screwdrivers and Nut Drivers are available on
satisfactory priority ratings. For details and prices on
Xeel.ite Tools. ask your regular dealer—or write Dept. L.

PARK METALWARE CO., INC., ORCHARD PARK, N. Y.

Back the Attack — Buy More War Bonds
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PREFERRED BY THE EXPERTS

92

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 1024 Re-
peater Bulb. This is the first variant
using the formed sheet metal base.
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THE MODEL 610-B

MEG-0 -

*NO HAND CRANKING — The 500 VOLT
POTENTIAL is made instantly available
by simply throwing a front panel toggle
switch.

*DIRECT READING—AIl calibrations print-
ed in large, easy-to-read type enabling
exact determination of leakages from 0
to 200 Megohms. In addition, the Meg-
ohm scale is also sub-divided into BAD
(0 to 1 Megohm) DOUBTFUL (1 to 3
Megohms) GOOD (3 to 200 Megohms) sec-
tions. The BAD Section which indicates

.Dept. R-N, 227 Fulton Street
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tions. Size 91%” x 814” x 6”. Shipping weight 16 pounds. Price.......
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complete with cover, seli-contained batteries, test leads and instruc-
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Instantly measures the
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lation up to—
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At a test potential of

500 VOLTS D. C.

Supplied by a built-in bat-
tery and vibrator power
supply

the danger point is printed in red.

*3 RANGES: 0 - 20,000 Ohms, 0 - 2 Meg-
ohms and 0 -200 Megohms.

*The instrument is housed in a heavy-duty
Oak portable cabinet.

*Panel is of solid bakelite engraved by
the new ‘cut-in”’ process which elimi-
nates possibility of letters being scratched

off.
*Meter movement—a 4145”7 0 to 200 Micro-

ampere sensitive meter guarantees ex-
tremely accurate readings on all ranges.

New York 7, New York

ILLINOIS CONDENSERS
.....NORTH REMEMBERING!

NEXT time you purchase
capacitors let the satisfac-
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many users be your guide—
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of electrolytic and paper
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liability, durability and con-
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by condenser specialists for
eight years who produce
nothing but condensers.
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INCREASE YOUR EARNINGS WITH

VAUGHAN’S MASTER BLANKS

Cabinets as tllustrated, speaker opening cut,
opposite side blank.

These modernistic cabinets have been de-
signed to fit every type chassis up to 1015”
which covers practically all makes. Con-
structed from beautifully ‘grained walnut,
they are unusually attractive and striking
in appearance. Easy to cut and fit they
open up new opportunities to serve your
customers as well as to reclaim many of
the old unsaleable sets now in your store.

MODEL A........ Dealw's $2.10
Inside Measurements 724L x 434D x 4%4H
MODEL B........ Cne” $2.85
Inside Measurements 84L x 5D x 574H
MODEL C........ Coiiee” $3.00

Inside Measurements 105L x 514D x 674 H

SAVE MONEY-10% discount in lots of six or more

SEND NO MONEY-We ship C.O.D. if desired
WE RESERVE THE RIGHT TO LIMIT QUANTITIES

VAUGHAN CABINET CO0. Shicieo™ 5"

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
buse in s inch characters

Fig. 95. Western Electric 102D Vac-
wum Tube, showing Western Electric
name, code, und patent marking on
base in ¢ inch characters.

Fig. 96. Western Hlectric 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 “0”
or 104A 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 2034 Vacuum Tube with
machined brass base and glass arbor
construction. Photograph courtesy Bell
Telephone Laboratories.

Fig. 101. Western Hlectric 2034 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 VI'1 with
eurly 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 2054 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 2014 Vacuum Tube. This was made
for the U. 8. 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 HElectric Type “P”
Vacuum Tube — first construction.
Photograph courtesy Bell Telephone
Laboratories.

Fig. 111. Western Eleclric 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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