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Fig. 76

The early coustrnctional problems of the Western Electrie

type-101 vacunmn tnbe—covering its multiplicily of shapes and sizes.

OW we come in our story to the
N 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 beecame:

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 strueture 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)

January, 1944

Fig. 87. Fig. 88. Fig. 89.
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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 10-3-20
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 fllament
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-
orea 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 %
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.B.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).

® 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. Wellillustrated—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 tfaster 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, lllinois
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The New Genie in a Bottle
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Arcbian 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.

STANGOR

STANDARD TRANSFORMER CORPORATION
1500 NORTH HALSTED STREET + CHICAGO

Manufacturers of quality ftransformers, reoctors, rectifiers,
power packs and allied praducts for the electranic industries.

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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® Amplfencjl ;
British Type Ele¢
cal Connectorstospec:
jfications developed by the
British Air Ministry. The_s'e
connectors are used to gacﬂl-
tate the production and 1n.st.al-~
lation of certain types of Bnhs.h
aircraft, marine, and rafim
apparatus made in America.
Threads are accurately ma-
chined to British Whitworth
Standards. The same cargiul
workmanship and engineering
go into British Type Co-nnec-f
tors that is representative o

the complete Amphenol line.

2 gl

XA

BRITISH TYPE:
PLUGS AND RECEPTACLES

for electrical circuits.

PLUGS AND SOCKETS

for coaxial cables.

FITTINGS AND END CAPS

Tor electrical connectors.

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

AMERICAN PHENOLIC GCORPORATION, CHICAGO 50, ILLINOiS
IN CANADA—AMPHENOL LIMITED ¢ 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
somc 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 practicc of putting thc code
marking and Western Electric name
on thc 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 1illustration, 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
101B 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 Repcater 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 becn revised. Markings
are in 1/16 inch high characters.

Figure 8l. 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" coaxial gasfed line leads to a
coaxial radial antenna on top of it.

January, 1944

WITH WIRE

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.

Wm.T.Wactace Mrs.
S L




cept that markings are in 3/64 inch
high characters.

Figurre 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 fleshing.

Figure 84. Early 101F Vacuum
Tube—codc 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. §. BRACH MFG. CORP.

World’s Oldest and Largest Manofacturers of Radio Antennas and Accessories

55-65 DICKERSON STREET
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ODAY in WAR . . . TOMORROW in PEACE

—

«  NEWARK N. J.

Theory of U.HL.E.
(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 scries 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)

Flving 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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