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This invention relates to an electron discharge
device and connections between the elements of
such a device and more particularly pertains to
a gaseous electron discharge tube having a plu-
rality of anodes connected in a sequential oper-
ative series so that they may be enabled one at
a time in determined sequence to receive a dis-
charge of electrons from a common cathode.

The novel electron discharge device herein dis-
closed comprises a gas-filled envelope having a
central cathode, a plurality of anodes arranged
around the cathode, a discharge control element
assotiated with each anode whereby electron
flow to the associated anode may be controlled
by application of a controlling electric potential
thereon, and a current tapping electrode mem-
ber associated with each of the anodes and posi-
tioned in the gas in the region of highest ioniza-
tion, which tapping electrode member may be
Impressed with an electric potential whereby,
upon a discharge occurring to ifs associated
anode, the tapping electrode will, by means of
a coupling to the control element associated with
the anode next in the sequential series, lessen
the control of said control element associated
with the next anode of the sequential series to
the exclusion of the other anodes and their con-
trol members. By electric impulses of a certain
value impressed on all the control elements, the
control element associated with the anode next
in the operative series may be caused to lose
control, causing a discharge to the associated
anode. The coupling between any of the cur-

rent tapping electrodes and the control element -

associated with the next anode of the series is
shown in the disclosed embodiment as made out-
side the envelope of the tube for the purpose of
economizing space within the envelope. The
presence of such connections within the envelope
is not necessary to the proper functioning of the
electron discharge device, but may be made
therein if desired. Hereinafter, in references to
the electron discharge device, such couplings are
to be considered as a part of the device.

The multiple-anode gaseous electron discharge
device disclosed is intended to provide, in'a single
envelope and a single gaseous medium, what
has heretofore required a plurality of envelopes
and a plurality of gaseous mediums equal in
number to the required number of anodes. The
electron discharge device, among other thines,
may be operated to perform the same functions
as performed by a counting ring for numerical
data, said rings, as heretofore known in the art,
comprising a plurality of electron tubes operable
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ity of envelopes.
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one at a time under the differential control of
electric impulses, each of the tubes of such a
ring representing a digit of a denomination or
some other unit of data. - The anodes of the
herein-disclosed novel electron discharge device
may each represent a denominational digit or
other unit of data, thereby combining within one
envelope what has heretofore required a plural-
Attention is directed to the
applications for United States Letters Patent,
Serial No. 325,040, filed March 20, 1940, by Joseph
R. Desch and Robert E. Mumma, and Serial No.
364,716, filed November 7, 1940, by Robert E.
Mumma, which application Serial No. 364,716,
issued on July 30, 1946, as Patent No. 2,405,095,
for electronic counting rings requiring a plural-
ity of electron tubes to obtain a result analogous
to that obtained by the single electron discharge
device disclosed herein.

As will be described, the multiple-anode elec-
tron discharge device also may be made self-
operating; that is, without the aid of applied
electric impuilses, fo automatically produce high-
frequency electric impulses.

The electron discharge device, although pri-
marily intended to be used for counting or pro-
ducing electric impulses, may also be used for
switching purposes for controlling any one of a
plurality of operations as selected, each anode
representing and controlling, by its state of con-
duction or non-conduction, a certain operation.

Therefore, the principal object of this inven-
tion is to provide an electron discharge device
having a plurality of anodes cooperating with 2
single cathode whereby its electron emission may
be controlled by novel means to be received by
the anodes one at 2 time in sequence.

Another object of the invention is to provide
an electron gas discharge device having a single -
cathode, a plurality of anodes, and control ele-
ments whereby the anodes are caused to conduc-
tively function in determined sequence.

Another object of the invention is to provide
an electron gas discharge device comprising with-~
in a single envelope and a single continuous gase-
ous medium a plurality of digit-representing
anodes, a cathode, and control means whereby
the anodes may be caused to conduct individ- -
ually in sequence one at a time in response to
external control whereby the condition of one
of the anodes conducting represents digital nu-
merical data. '

Another object of the invention is to provide
a multiple-anode electron gas discharge device
operable to be responsive to electric impulses
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whereby the anodes conduct one at a time in
predetermined sequence, a received impulse caus-
ing a step in the sequential operation to occur.

Another object of the invention is to provide a
multiple-anode gaseous electron discharge device
wherein each anode is shielded mechanically and
electrostatically against firing by reason of the
occurrence of gas discharge ionization produced
by the conductive state of any of the other
anodes.

Another object of the invention is to provide
a multiple-anode gaseous electron discharge de-
vice ‘wherein the discharge fonization caused by

“a discharge to one anode is by electrostatic and
mechanical shielding prevented from initiating by
itself a discharge to any of the other . anodes.

With these and incidental objects in view, the
invention includes certain novel features of con-
struction and combinations of parts, the essen-
tial elements of which are set forth in appended
claims and a preferred form or embodiment of
which is hereinafter described with reference to
the drawings which accompany and form g part
of this specification.

Of the drawings:

Fig. 1 is a perspective view of a flve-section
electron discharge device with certain parts brok-
en away.

Fig. 2 is an elevation of the electron discharge
device of Fig. 1, part being in section on the line
2—2 of Fig. 3. :

Fig, '3 is a section through the electron dis-
charge device of Fig. 1 on the line 3—3 of Fig. 2.

Fig, 4 is a typical circuit for operating the elec-
tron discharge device of Fig. 1 as & counting ring.

Fig, 5 is g perspective of a modifled form of
the five-section electron discharge device of Fig. 1.

Fig. 6 is an elevation of the electron discharge
device of Fig, 5, part being in section on the
line 6—56 of Fig. 7.

Fig. 7 is a sectlon through the electron dis-
charge device of Fig. 5 on the line 1—1 of Fig. 6.

Pig. 8 is a typical circuit for operating the sec-
tions of the flve-section electron discharge de-
vice of Fig. 5as a counting ring,

Fig. 9 is a perspective view of a ten-section
electron discharge device, a-modification of the
device shown in Fig, 1, with certain parts broken
away. :

Fig. 10 is a part elevation in section of the elec-
tron discharge device of Fig, 9 on the line {6—10
of Fig. 11.

Fig. 11 is a section through the electron dis-
charge device of Fig. 9 on the line { I—11{ of Fig. 10.

Fig, 12 is a detail of one of the anodes of the
electron discharge device of Fig. 9, showing the
method of insulating the anodes at certain points
against contact by electrons.

Fig. 13 is a typical circuit for operating the
electron discharge device of Fig. 9 as a counting
ring.

Pigs. 14, 15, and 16 are diagrams showing op-
tional methods of numbering and determining
the order of operation of a ten-section electron
discharge device.

Figs. 17, 18, and 19 are diagrams showing op-

tional methods of numbering and determining.

the order of operation of a five-section electron
discharge device.

General description

Referring to Figs. 1, 2, and 3, the electron de-
vice therein disclosed comprises a glass envelope
10 having & pressed stem {1, into which are sealed
the conductors from the electrode elements in
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the envelope. The glass envelope contalns one
of the lonizable inert gases to cause & typical gas
discharge between a cathode and an anode when
proper operating potentials are applied. The elec-
itrodes are surported between an upper insulat-
ing disc 12 (Fig. 2) and a lower insulating disc
13, the discs being of mica or other equivalent
substance, The electrodes comprise a rod-like
indirectly-heated cathode 14 (Figs. 1, 2, and 3),
around which are arranged anodes 15, 6, {7,
18, and 19 equidistant from one another and from
the cathode, as is best seen in Fig. 3. Each anode
is fastened to vertical support rods such as rods
20 and 21, which support anode 15, each of said
rods having ceramic fnsulating sleeves such as
sleeves 23 and 24 (Fig. 2), which also act as
spacers for positioning the anodes centrally be-
tween the mica discs 12 and #3. ‘The rods 28 and
2} project through the mica and have clips fas-
tened on the ends, such as clips 25 and 26, on
the ouiside of -the discs to fasten the discs and
the anode structure into a rigid assembly.. One
rod from each plate, such as rod 20, is fastened
to a conductor, such as conductor 27, which is
pressed in the stem {1, thus acting as a conductor
to the outside of the envelope and as a partial
support for the insulating dises {2 and {3 and

. their supported elements. Laterally surrounding
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each anode except for an aperfure facing the
central cathode is a control grid, such as grid
28 (Figs. 1, 2, and 3), its cross-section being
sector-shaped ‘but open at the cathode end, as
shown in Fig. 3, and extending from the top disc
2 to the bottom disc 13, as shown in Fig. 2. Each
control grid is fastened to.two support rods, such
as rods 29 and 30 (Figs. 1 and 3), which sup-
port grid 28, said rods being held in holes in
the top disc 12 and the bottom disc 3. One of
the supporting rods of each grid, such as rod 30
(Fig. 1), is fastened to a conductor, such as con-
ductor 31, which leaves the envelope {0 through
stem 11, said conductors affording additional sup-
port to the electrode assembly.

As shown in Fig.’3, the cathode 14 may emit
electrons directly to any of the anodes, and the
anodes themselves are to a large extent mechani-
cally shielded from one another by the sector-
shaped control grids forming, in conjunction with
the insulating discs, a cell-like ‘enclosure or sec-
tion for each anode, When a discharge is cccur-
ring hetween the cathode {4 and one of the an-
odes—for example, anode 15 (Fig, 3)—the ions
in the highly-ionized gas near the anode {5 may
be substantially prevented from escaping the me-
chanical shielding confines of the control grid
28 by means of electrostatic shielding members,
such as members 32 and 33, one of which shield-
ing members is positioned adjacent the vertical
edges of each two adjacent control grids, which
members in operation may be positively charged,
thus largely preventing any tendency for the ions
to migrate in great numbers to another anode
in. the envelope. The cathode-anode patential
is selected so as to drive the:principal discharge
ionization to within the confines of the grid of
the functioning anocde. . The electrostatic shield-
ing members, such as 32 and 33, are fastened at
the top of a ring 34 (Figs. 1 and 2) and at the
bottom to a ring 35 (Figs. 2 and 3), which rings
in turn are supported by rods 36 and 37 (Fig. 3),
which extend into the insulating discs 12 and 3.
The rod 31 is fastened to a conductor 38 (Fig. 1),
which extends through the stem 11 to the outside
of the envelope.

In the gas between each anode and the cath-
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ode Is a current-tapping member, like member

50 (Figs. 1, 2, and 3), positioned in the region of
densest discharge ionization between the cath-
ode and the associated anode. Each tapping
member consists of a vertical rod extending from
the top mica disc 12, passing on the cathode side
of the anode and through the bottom disc 13,
where it is made a conductor §f (Fig. 2), which
leaves the envelope through the stem. Exter-
nally of the envelope, the members 50 are con-
nected through resistances to the control grid
of the anode next in the sequential series. The
anodes are shown in Fig. 4 as belng connected in
an operative series proceeding in a clockwise
manner, the discharge proceeding from one an-
ode to the next adjacent anode in a clockwise di-
rection.

Thus, if tap member 50 (Fig. 1) is connected
as shown in Pig. 4 to negatively-blased control
grid $2, whatever change in potential is given to
the normally negatively-charged tap member 59
by being in the dense lonized region adjacent
anode {9, when said anode is conductive, is com-
municated to control grid 52 in the next adjoin-
ing cell-like section of the tube. In an actual
operating circuit like that shown in Fig. 4, tap
electrode members like member 58, connected
with the associated control grid of the next ad-
joining section, are given a negative eleciric
potential by being connected to a source of elec-
tric energy through a high resistance. When g
discharge occurs to the anode {5, the associated
cell-like region is highly ionized, and positive
jons are attracted to the negatively-charged col-
lecting member 58, making its potential more
positive. This change in potential of tap mem-
ber 80 is communicated to the next control grid
52, by the mentioned connection external to the
envelope, and renders said next grid more posi-
tive, thus reducing its control over electron emis-
sion from the cathode.

The condition of discharge ionization in one
cell-like section of the device increases some-

- what the ionization of the gas medium in the en~
velope as a whole, as the segregation of the dis-
charge ionization is not complete, bringing all
the sections nearer a condition of discharge.
However. with a proper balancing of energizing
potentials of which disclosure is hefein made,
the cshielding provided prevenfs the increase of
ionization in non-discharging sections from
reaching the point of overcoming the grid con-
$rol.

The next section of the device whose control
grid is thus primed for a discharge need not nec-
essarily be adjacent to the conducting section to
whose curreni-tapping element. connection is
made. Tnasmuch as the sections immediately ad-
jacent a discharging section are, by being close to
the origin of the discharge ionization, slightly
more ionized than the other sections of the de-
vice, it has been found that it is more- desirable
to make the conductive connections between the
tap member of one section and the control grid of
another section in such a manner that the firing
of the sections is by progressing around the tube
in a sequence comprising steps of more than one
section. Such operation will be discussed later in
connection with Figs. 14, 15, 16, 17, 18, and 19.
The principle of operation in the circuits will be
explained as though the operation progresses
around the device from section to section one
step at a time. It will be apparent, after an un-
derstanding of the principle of operation, thab
the adjacence of the sections is not necessary to
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the change of the discharge from one section to
another.

By proper connections, circuit elements, and
potentials as set forth in essence in the Robert
E. Mumma application for United States Letters
Patent, Serial No. 364,716, before mentioned, and
which will be repeated here in substance as
adapted to a single ionizable gaseous medium,
the electron device described may be cperated by
sections, represented by the anodes, in deter-
mined sequence not dependent on adjacence of
the sections, in response to electric potential im-
pulses received from an external source, one such
impulse causing a step of operation in sequence
(for example, where the progression is from one
section to the next adjacent section, from anode
15 to anode 16) followed by the extinguishment
of any discharge of electrons to the previously
conductive anode.

-As will be explained, if is also possible, with the
structure as disclosed, to have the sections oper-
ate in sequence by their own interaction without
the receipt of any external potential impulses.

Operating circuit for the eleciron discharge
device of Figs. 1, 2, and 3

In the consideration of the operating circuit
(Fig. 4) for the electron discharge device dis-
closed in Figs. 1, 2, and 3, for the electric poten-
tials given, the corresponding resistors and ca-
pacltors will be given, as an example, for operat-
ing the tube one section at a time in determined
sequence in response to electric potential im-
pulses received from an external source. The
potentials will be given with respect to ground
potential,

‘The elements of the device are shown in con-
ventional manner in Fig. 4 and are given the
same reference numerals as the corresponding
parts in Figs. 1, 2, and 3. It will be assumed that
the gas in the envelope is argon at a pressure
stch that discharge ionizabion takes place ab
the proposed potentials. The cathode 4 (Fis.
4y is grounded and heated indirectly by filament
68 energized by an independent source of elec-
tric current, not shown. Shielding members 22,
33, ete., and the common supporting rings like
ring 34 are connected by conductor ¢{ to ground-
ed terminal §2. Each of the anodes I8, {§, i1,
i8, and {9 is connected through a resistor iike
resistor 63 of 5,000 ohms to a common conductor
84, which is connected through resistor 65 of 300
ohms and conductor 6§ to terminal §7 of 50 volts
positive poiential. Each current-tapping elec-
trode member is connected like member 50
through a poing, like point 88, and a resistor of
500,000 ohms, like resistor 69, to a common con-
ductor T8¢ connected to terminal 71 supplied with
a negative electric potential of 100 volts. Each
current-tapping electrode member, like member
50, is also connected through a point, like point
88, a resistor of 500,000 ohms, like resistor 12, a
point, like point 13, and a resistor of 50,000 ohis,
like resistor 14, to the confrol grid of the next
section as control grid 52 of section 2, so num-
bered. The elements of the device are so ar-
ranged and spaced that, with the cathode at
ground potential, the anodes at 50 volts positive
potential, the current-tapping members at 100
volts negative potential, and the control grids at
100 volts negative potential, no section will “fire,”
but, if a confrol element of a selected section is
given an excessive positive potential (for ex-
ample, 50 volts), that section will “fire” and be-
come conductive. When any one section has
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become conductive, the two sections adjacent to
this section may be rendered conductive by caus-
ing the control element to become 10-volts nega~-
tive In potential with respect to the cathode. A
50-volt positive electric potential supply ter-
minal 756 may be connected, for example, by &
key switch 16 and a conductor 17 to a point like
point 18, which is connected through resistor 18
of 50,000 ohms to the control grid 28 of section
number “1,” thus causing that section to “fire”
and become conductive when switch 16 is closed.
Any other section desired may be so fired to be-
gin operation of the device, or any other method
of firing & section may be employed. Consider-
ing the section “1” as conductive—that is, a dis-
charge of electrons flowing from cathode 14 to
anode 18—g highly-ionized region of gas will
surround the negatively-charged tap member 50.
Being negatively charged, tap member 50 will
attract large numbers of positive ions and, be-
cause of resistor 69, will become more positive
and consequently will cause the control grid 52
of section “2” to become more positive, being con-
nected thereto through point 68, resistor 72 of
500,000 ohms, point 13, and resistor 74 of 50,000
ohms. The actual potential of control grid §2 of
section “2,” while section “1” is conductive, with
the circuit values and discharge characteristics
given, will be approximately 30 volts negative, as
compared to 100 volts negative potential on the
control grids of sections 3, 4, and 5. Grounded
-member 32 prevents the migration of ions from
section “1” to section “2” from becoming so great
as to upset the combined effective control of grid
§2 at 30 volfs negative and tap member 49 at 100
volts negative potential. The 50-voit anode-

cathode potential selected is such as to keep the -

intense discharge ionization of a conductive sec-
tion largely confined within the walls of the asso-
ciated control grid and associated portion of the
mice discs so as not to cause excessive ionization
in the remainder of the envelope and gaseous
medium and thereby to cause & consequent
anomalous discharge in the next section: of the
device which has had its control grid bias re-
duced. It is to be noted that some ionization will
appear in other parts of the envelope when any
section is conductive, but, by use of the shield-
ing members, as members 32 and 33, the cell-like
grids, end proper anode-cathode potential, such
jonization, caused by migratory discharge-pro-
duced ions, is below the threshold of that re-
quired for breaking down the control of the dis-
charge control elements and the current-tapping
members of non-conductive sections, whether or
not the effective bias against discharge has been
reduced.

Assuming that section “1” has been rendered
conductive by the closing of key-switch 716 and
that section “2” is less strongly biased against
“firing” than sections “3,” “4,” or “5” by reason
of its control grid 52 being at 30 volts negative
potential, whereas the control grids of sections
3,7 “4,” and “5” are at 100 volts negative poten-
tial, it is evident that the application of a positive
potential impulse to the control grids of all the
sections of a high enough value to bring control
grid 52 to the firing potential of 10 volts negative
without bringing the control grids of sections
“3,” “4,” and “5” to firing potential, which is
somewhat more positive than ten volts negative,
then section “2” will “fire” and become conductive,

- Points corresponding to point 13 are connected
through a small capacitor, like capacitor 80 of
the value of 50 microfarads, to a common con-
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ductor 81, which is connected to terminal 86, to
which terminal 50-volt positive potential impuises
are applied in selected numbers as desired. Each
anode normally at 50 volts positive potentiel, as
has been sald, contains in its potential supply
circuit a resistor, like resistor 63, of 5,000 ohms,
which causes a 35-volt drop in the potential of
the anode of a section as that section fires, there
being no resistance in the cathode conductor to
ground and the internal potential drop in & gas
tube of this sort being approximsately 15 volts if
argon is used as the gaseous medium. KEach
anode is connected through a capacitor of .05
microfarad value, such as capsacitor 83, to a com-
mon conductor 82, and therefore, as & section of
the device fires, a 35-volt negative potential im-
pulse is impressed on conductor 82 and thereby
is impressed on all the other anodes of the tube.
If any other section be conductive, its anede will
be driven temporarily from 15 volts positive to
below ground potential, thus extinguishing the
conductivity in that section and allowing the con-
trol grid to resume control. Thus, only one sec-
tion of the device is conductive at a given time, as
the act of “firing” a section extinguishes con-
ductivity in all the other sections. Assuming sec-
tion “1” to be conductive, the application of a
50-volt positive potential impulse to terminal 8¢
will cause section “2” to fire and become con-
ductive and cause section “1” to be extinguished.
The next positive impulse impressed on terminal
80 will cause section “3” to fire and become con-
ductive and cause section “2” to be extinguished.
Therefore, a series of impulses impressed on ter-
minal 90 will cause the sections of the device to be
operated or rendered conductive in seguence.’
The sequential operation will proceed around the
device, and, when section “5” is conductive, sec-
tion “1”'is primed by having its control grid po-
tential reduced and will “fire” on the next re-
ceived impulse.

Therefore, the sections of the electron device,
as described, will fire sequentially as long as
firing impulses are received. A series of three
impulses received by the terminal 90 when the
section “2” is conductive will cause sections “3,”
“4.” and “5” to be conductive in succession, lesv-
ing section “5” in conductive condition. The de-
scribed electron discharge device may be used
as an accumulator of numerical data, the anodes
each representing a digit of a denomination, just
as the individual tubes represent digits in count-
ing rings such as those described in the appli-
cation for United States Letters Patent of Joseph
R. Desch and Robert E, Mumma, Serial No.
325,040, to which reference has been made. The
electron discharge device as described, having but
five sections, will accumulate data on a numerical
base of five. PFigs. 9 to 13 inclusive, to be dis-
cussed hereinafter, disclose a device having ten
sections for accumulating data on &« base of ten,
which is adapted for use with the decimal system
of numbers. Any number of sections may be pro-
vided to deal with any system of numerical nota-
tion, the invention not being restricted to the
number of sections shown in the drawings.

Points corresponding to point 13 may be sensed
in any well-known manner operable by a change
of electrical potential to discover which section
of the device is in a conductive condition, as these
points receive about a 70-volf potential change,

. as the section associated with the collecting mem-

ber, such as member 50, is conductive. The
Mumma application Serial No. 364,716 and the
Desch and Mummas application Serial No. 325,040,
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to which reference has been made, each show an
electron tube relay method of sensing such &
change in electric potential so that conduction in
a section may be made apparent apart from the
visible glow of the conductive section. It will also
be evident that the anode potentials may be
sensed to determine the conductive section, as
the resistor in each of the anode circuits causes
a drop in potential if the associated anode is
conductive.

A mode of operation of the novel electron dis-
charge device other than that which has just been
described is its use as an electric impulse pro-
ducing device. It is apparent that, if the com-
mon anode-cathode potential of the sections is
raised until the potential at which the control
grid loses control is 30 volts negative, then the
conduction in one section causes the firing of the
next section immediately without the interven-
tion of impulses from an external source such
as through termingl $0. TUnder such circum-
stances, the speed of sequential operation of the
device is limited only by the de-ionization time
factor and by the time-lag caused by resistance
and capacitanece characteristics of the circuit.
Under the values given for the disclosed circuit,
the sections will “fire” with & frequency of about
10,000 per second. Conductor 8{ will receive im-~
pulses of positive polarity at the mentioned fre-
guency, and conductor 82 will receive potential
impulses of the same frequency of negative
polarity and of considerable potential. :

It will be apparent that, in the construction of
the electron discharge device, the spacing, size,
and shape of the elements are important in de-
termining and affording convenient values of cir-
cuit characteristics and potentials for operation,
Nevertheless, the invention is not to be deemed re~
stricted to the particular shape of the elements
shown or their particular relation in space, bub
snould be considered as including any single gas-
eous medium containing a cathode common to a
plurality of anodes which are coupled so as to
cperate or become conductive, on the application
of operating potential, one anode at a time in de~
termined endless chain sequence either in re«
sponse to individual potential impulses from an
cutside source or by self-operating interaction.

Two modifications of structure incorporating.

the essential principles of the Invention are dis~
closed and will be next described.

The electron discharge device disclosed in Figs. 5,
6, and 7

Referring to Figs. 5, 6, and 7, which show an
electron discharge device with five anodes 115,
116, 447, §18, and {49 surrounding a cathode 6§14
like the device shown in Fig. 1, enclosed within an
envelope {0 containing one of the rare ionizable
gases. In this embodiment of the invention, to
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138 by one of the support rods, like rod 130, which
conductor leaves the envelope {10 through press
t11. The shields like shield 132 act Yoth as me-
chanical and as electrostatic shields, being
grounded as shown in the circuit of Fig. 8. The
discharge control grids consist of a U'~shaped rod,
best seen in Fig. 5, located between each anode
and the cathodé€, the discharge control grid for
anode 115 being designated 128. One end of each
of the U-shaped grids is connected to a conduc-
tor, like conductor 131, which leaves the envelope
through press {11, A shield cap 148 for the cath-
ode 114 is connected to and supported by rod 130 -

" by means of a conductor strap 141, ‘The construc-
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prevent migration of the highly-ionized gas ad- .

jacent a conducting anode to other anodes in the
envelope, a shield is provided for enclosing each
anode, said shields being of sector-shaped cross-
section and having an elongated opening toward
and in close proximity to the cathode, like shield
132 surrounding anode {15. The radial portions
of adjacent shields are fastened together around
supporting rods, such as rods 128 and {30, which
are held in holes in an upper insulating disc ({2
(Fig. 6) and a lower insulating disc §43. The in-
sulating discs and shields form a cell for each
anode similar to those described in connection
with Fig. 1. The shields like shield {32 (Fig. 5),
for all the anodes are connected to a conductor

85

75

tion of the rest of the device is substantially the
same as the construction of the device of Figs. 1,
2,and 3. The circuit shown in Fig. 8 connects the
elements of the modifled five-section device In
the same manner and with the same values of
capacity and resistance as the corresponding ele-
ments shown in the circuit of Fig. 4, connecting
the elements of the first-described five-section de-
vice disclosed in Figs. 1, 2, and 3. The elements
of Figs. 4 and 8 having the same function have
been given the same reference numerals, except
that those of Fig. 8 have one hundred added to
each numeral.

The electron discharge device disclosed in Figs. 9,
10, 11, and 12

A ten-section electron discharge device incor-
porating the principles of the invention is shown
in Figs. 9, 10, 11, and 12, wherein the electrode
and the control elements shown in Figs. 9, 10, and
11 as connected and energized in the manner
shown in Fig. 13 perform the same function as
that performed by the devices shown in Figs. 1
and 5.

An envelope 201 (Figs. 9 and 10), having an up-
per stem 262 with a press 204, and a lower stem
203 with a press 205, is provided, like the en-
velopes previously considered, with an ionizable
gaseous medium, such gsargon,

Supported between an upper insulating disc 206
(Fig. 10) and a lower insulating disc 207 is an
assembly of electrodes and control elements com-~
prising a central vertical indirectly-heated cath-
ode 200 connected to and supported by leads 2068
and 208, which leave the envelope through press
205, Surrounding the cathode 200 (Figs. 9, 10,
and 11) are ten shiclding members 210, 244, 242,
213, 214, 245, 216, 211, 218, and 219, each having
a sector-shaped cross-section and each of whose

‘sides are radial to cathode 200. The sectors ex-

tend from the top disc 206 to the bottom disc 201,
and the radial sides of adjacent sectors are fas-
tened together and form a complete circular as-
sembly around the cathode, which assembly is
enclosed by the top and bottom discs 206 and 207.
Support rods, like rod 200 (Fig., 9), gripped be-
tween the sides of adjacent sectors fastened to-
gether, pierce the discs, said rods being provided
with retaining ears clamping the discs to the sec~
tors to hold the assembly together, The whole
shielding assembly of ten sectors is connected to'
a conductor 22{ (Fig. 9), which leaves envelope
20t by means of press 204, The conductor 22{ and
other like conductors held in the presses 2064 and
205 support the assembly of electrodes and shield-
ing members within the envelope. Nested in each
cell-like sector and extending between the top and
bottom discs 206 and 207 is a trough-shaped anode
having a U-shaped cross-section like anode 223 in
sector 214 (a detail of a form of one of the anodes
is shown in Fig, 12), with the opening and edges
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of the trough facing cathode 200 and the edges of
the trough being parallel with the axis of the
anode. The ancdes are supported by rods fas-
tened to their sides, like rods 228 and 225, wh'ch
are extended into the insulating discs 206 and 201.
One of such rods of each anode—for example, rod
225 (Fig. 9)—is connected to a conductor like con-
ductor 226, which conductor leaves the envelope
through press 2085, for example. To suit the con-
venience of the constructor, the various conductors
may leave the envelope by one or the other of the
presses, the two presses being provided because of
the large number of conductors required. Each
of the anodes is covered on the cuter surface with
insulation 227 (Fig. 12) such as glass or other
ceramic material to prevent electrons from com-
ing into contact with the outside surface of the
anode. - Portions of the inner surface of each of
the anodes near the edges of the trough opening
are also coated with insulating material to keep
electrons from coming into contact therewith.
This inner insulating coating 228 extends only
part of the way into the interior of the anode and
leaves the inside rear surface 238 of the anode ex-~
posed so as to be contacted by electrons. The
edges 231, representing the thickness of the ma-
terial of which the anode is made and which edges
face the cathode, are not covered with the insu-
lating material. The purpose of the insulation
on the anodes will be explained later. The dis-
charge control grids each consist of a rod, like rod
233 (see Fig. 10), placed vertically between the
cathode and the uninsulated edges of the asso-
ciated anode, as shown also in Fig. 11. Each con-
trol grid is connected like grid rod 233 (Fig. 10)
to a conductor like conductor 238, which leaves
the envelope through one of the presses, like press
204, A current-tapping member is provided for
each anode like member 235§ (Figs. 10 and 11) as-
sociated with anode 223, consisting of a vertical
rod positioned within the confines of the anode.
Each of these tapping members is connected ex-
ternally of the envelope to the control grid of an
adjacent section, as-are the current-tapping mem-

bers of the five-section devices previously de-

scribed. Therefore, it is readily seen that, the un-
insulated edges of the anode being nearer the
cathode than the associated tapping member, the
tapping member is thereby rendered practically
impotent to prevent the firing of the section, even
though it is given a high negative potential, such
control being substantially maintained by the dis-
charge control grid. Therefore, it is not neces-
sary in this construction that the cathode-anode
potential be large enough to overcome a negative
charge on the tapping member to have a section
“fire.” The “firing” of a section is practically un-
influenced by the potential on the associateg tap-
ping member, and yet, when the conduction is
started between the leading edges of the anode
and the cathode, the bare inside surface at the
rear of the anode, because of the discharge ioni-
zation, will receive most of the electrons because
of its greater area, and the current-tapping mem-
ber is situated in the region of highest ioniza-
tion, where it, if given a high negative potential,
is very efficient in picking up positive charges and
thus lessening the control of the control grid of
the next section so as to make it responsive to the
next commonly received positive potential im-
pulse,

The circuit for operating the device shown in
Fig. 9 is shown in Fig. 13. The envelope 201
is shown as described, containing a rare inoizable
gas such as argon, & grounded cathode 200, and
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ten anodes, of which anodes 222 and 228 are typi-
cal, said ten anodes each being connected to &
common conductor ‘264 through a resistor of
5,000 ohms like resistor 263. Conductor 264 is
connected, through resistor 265 of 300 ohms, to &
50-volt positive electric -potential supply termi-
nal 267. Each anode is also connected ic &
common conductor 282 through a capacitor of
.05 microfarad, like capacitor 288, which com-
mon conductor-is grounded through a resistor 298
of 25,000 ohms. Within the envelope and assc-
c'ated with each anode is a control grid, like grid
2323 assoclated with anode 223, connecteg to &
common external conductor 278 through & re-
sistor, like resistor 274 of 50,000 ohms, a point,
like point 273, g resistor of 500,000 ohms, like
resistor 272, a point, like point 268, and a re-
sistor of 500,000 ohms, like resistor 269. Also
within the envelope:and associated with each
anode is a current-tapping member, like mem-
ber 234 associated with -anode 222, connected
outside the envelope 28{ with the control grid
as grid 233 of the next adjacent anode at a point,
like point 268. 'The shielding members, 2i8 to
219 inclusive, are electrically connected within
the envelope and are grounded by conductor 26§
to terminal 262. Points corresponding to points
213 are connected éach through a capacitor, like
capacitor 286 of 50 microfarads, to a common
conductor 28{ connected to terminal 290, which
receives the 50-volt positive potential impulses
necessary-to operate the device selectively step
by step. Points corresponding to points 268 are
connected each through a resistor, like resistor
269, to the common conductor 270, which is con-
nected to a terminal 271 supplied with 100 volts
negative electric potential.

By means of the key-switch 276, 50 volts posi-
tive potential may be impressed on conductor 277
and points 278 to “fire” the section of which
anode 222 is representative, in a manner which
has been explained in connection with the cir-
cuits of Figs. 4 and 8. As is the case with the
devices of Figs. 1 and 5, for each impulse of 50
volts positive potential given terminal 288, the
state of conductivity of the device of Fig. 9 will
change from anode to anode in determined se-
quence for the reasons given heretofore.

The electron discharge device applied to numeri-
cal counting

It is evident that, when used in numericel
counting, the number of sections in a device
embodying the invention may be increased or
decreased to meet the demands of the mathe-
matical notation being used. It is also possible
to use a device having many sections for pur-
poses' requiring few sections by by-passing the
unrequired sections. Thus, in dealing with 2
typical system of numbers, the decimal system,
devices having ten sections equal in number to
the digits in a denomination may be used. In
the decimal system of numbers, the ten-section
device may represent the digits “17, «2,” «3,”
u4,n u5’n “6'" url’n “8,” ug’n and 4:10:1 or uon'

*As before stated, the sectors in the sequential
order of “firing” need not be adjacent and pref-
erably are not adjacent. ‘The arrangement and
numeration. of the sections of the devices shown
in Figs. 4, 8, and 13 were selected as the best
for showing the circuits involved. Fig. 14 shows
the method described of firing the ten-section
device one step at a time, the arrow showing the
“1” and “2” cells as adjacent. - Pigs. 15 and 16
show, respectively, means for progressing around
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- the device in either a clockwise or a counter-
clockwise manner three steps at a time, the ar-
rows indicating the connection hetween the
current-tapping member of the lower numbered
section to the next higher numbered section.
In = ten-section device, such arrangement of the
sectional connections by steps of three glves
perfect uniformity of operating conditions. Fig.
17 shows the method described of firing the five-
section devices, whose circuits are described in
Figs. 4 and 8. PFigs. 18 and 19 show, respectively,
the methed of firing the five-section device in
a counter-clockwise manner and a clockwise
manner by steps of two, which will give perfect
uniformity of opersting conditions.

The sections may also be connected for oper=
ation in a random scheme or in any other regular
scheme. It must be remembered that if one of
the other schemes of firing be used, that is to
non-adjacent sections, the circuit constants must
be changed so the primed section will fire with
the grid at a potential negative with respect to
the cathode. Such change may be accomplished
by increasing the plate potential to 100 or 125
velts positive with respect to the cathode.

It is apparent that the operation of a device
may be discontinued at any point by breaking
the connection between g2 selected tapping mem-
ber and the next control grid by switch means,
and the device is therefore adaptable, by use of
a higher anode-cathode potential, as described
previously, for the purpose of producing & se-
lected number of potential impulses by causing
the device to operate from the “1” section to the
selected section automatically and taking off
such impulses on the conductor electrostatically
coupling all the anodes.

The device may be used as a freguency divider
or multiplier according to whether it is used to
respond to or to produce impuises; thus, one com-
plete operation of the device shown in Fig. 2
weuld reguire ten Incoming pulses, thus divid-
ing the incoming frequency by ten, and by start-
Ing sutomatic operation of the device by & single
incoming pulse, ten times as many pulses could
e produced.

While the structure herein shown and described
is admirably adapted to fulfill the cbjects pri-
marily stated, it is to be understood that it is
not intended to confine the invention to the forms
or embodiments herein disclosed, for it is sus-
ceptible of embodiment in various iorms all com-
ing within the scope of the claims which follow.

What is claimed is:

1. An electron gas discharge tube having a
cathode; a plurality of anodes; a discharge con-
trol element adjacent each anode; and a current-
tapping member adjacent each anode positioned
in the gaseous medium between the anode and
on one side and the cathode and the discharge
control member on the other side.

2. An electron tube comprising an envelope;
an ionizable medium in the envelope; a cathode;
an anode having a concave surface facing the
cathode; and a current-tapping member posi-
tioned within the confines of the concave surface
of the anode, one part of the anode being nearer
the cathode than is the current-tapping member.

3. An electron tube comprising an envelope;
an ionizable medium in the envelope; a cathode;
a plurality of concave anodes mounted around
the cathode having a U-shaped cross-section with
the opening faced toward the cathode, and coated
on the convex side and on the arms of the con-
cave side with insulating material of a2 nature to
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keep electrons from contacting the anode at those
points, said coating being omitted from the thick-
ness of the anode material nearest the cathode;
and a charge-collecting member positioned with-
in the concavity of each of the anodes.

4. An envelope containing an ionizable medi-
um; g plurality of electrostatic shielding mem-
bers each forming a cell having an aperture point-
ed toward but spaced slightly from a common
center; an anode positioned centrally in each seal-
ing member; and a cathode positioned along the
common center of the cell apertures.

5. In an electron gas discharge device, the com-
bination of a plurality of anodes; a cathode com-
mon to the anodes; an ionizable medium envelop-
ing the anodes and the cathode; said ionizable
medium together with said anodes and said cath-
ode providing a plurality of anode-cathode dis-
charge paths; means controlling the conductivity
in the anode-cathode paths whereby the various
anode-cathode discharge paths may be rendered
conductive in sequence, said means including two
control members intermediate the cathode and
each anode, one of said control members being for
controiling the space charge and the other of
said control members supplementing the space
charge control and acting to tap current from the
anode glow region; and coupling means to trans-
fer said tapped current from the current-tapping
member in one anode-cathode discharge path to
the space charge control member in the anode-
cathode discharge path to be rendered conductive
next in the sequential series,

6. An anode having a U-shaped cross-section;
a coating of insulating material on the convex
portion of the anode to prevent contact of elec-
trons with the anode; and a coating of the same
insulating material on the concave surface of the
anode except the interior half thereof, said in-
sulation not covering the thickness of the anode.

7. A gas electron discharge tube comprising an
anode having a U-shaped cross-section; a coat-
ing of insulating material on the convex portion
of the anode to prevent contact of electrons with
the anode, and a coating of the same insulating
malterial on the concave surface of the anode
except the interior half thereof, said insulation
not covering the thickness of the anode; a cathode
mounted opposite the concave surface of the
anode; an ionizable gaseous enveloping medium;
and a current-tapping member positioned in the
gaseous medium within the concave portion of
the anode, said member if charged negatively not
exerting complete control of the discharge as the
edges of the anode are nearer the cathode where
they may suppori an ionizing current.

8. A cathode;-a plurality of cells each contain-
ing an anode positioned to receive electron emis-
sion from the cathode; a common ionizable me-
dium enveloping the cathode, the cells, and the
anodes; said anodes, together with said cathode,
providing a plurality of discrete anode-cathode
discharge paths extending into said cells; means
coupling the anodes electrostatically for mutual
extinguishing action whereby but one anode-
cathode discharge path at a time can be con-
ductive; and inter-cell connections conductively
connecting that part of the ionizable medium en-
closed in one cell with that part of the ionizable
medium enclosed in another cell tending to cause
a discharge in the other cell when the first cell
is conductive, the last of said inter-cell connec-
tions being with the first cell forming an endless
operative chain. .

9. In a gas discharge electron device having an
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ionizable gaseous medium, the combination of &
plurality of anodes arranged in a ring in the gas,
the anode glow rcgion of each anode being segre-
gated by electrostatic and mechanical means
from the other anodes; a cathode common to all
the anodes; and control means including connec-
tions conductively connecting each anode glow
region with the space discharge reglon for the
‘next adjacent anode.

10. In a gas electron discharge tube, the com-
bination of electron emission means; a plurality
of anodes having a U-shaped cross-section, said
anodes being arranged around the electron emis-
sion means with the concave side presented fo
said emission means; connections for giving all of
said anodes operating potential; means coupling
all the anodes together electrostatically for mu-
tual extinguishing action; an ionizable medium
enveloping the elements of the tube; a space
charge control grid associated with each anode
but located near the emission means; and a cur~
rent-tapping member located in the anode glow
region of each anode and connected conductively
with the space charge control grid of an adjacent
anode, said connections between the current-tap-
ping members and the control grid conductively
connecting the anode glow region associated with
one anode with the space charge region associated
with the next adjacent anode in an endless opera-
tive chain whereby the anodes may be caused to
conduct successively-in a self-operating -manner.
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11. In a gas electron discharge tube, the com- .

bination of electron emission means; a plurality
of anodes having a U-shaped cross-section, said
anodes being arranged around the electron emis-
sion means with the concave side presented to
said emission means; connections for giving all
of said anodes operating potential; means con-
necting all the anodes together electrostatically
for mutual extinguishing action; an ionizable me-
dium enveloping the elements of the tube; a space
charge control grid associated with each anode
but located near the emission means; and a cur-
rent-tapping member located in the anode glow
region of each anode and connected conductively
with the space charge control grid of an ad-
jacent anode, said connections between current-
tapping members and space charge control grids
conductively connecting the anode glow region
associated with one anode with the space charge
region associated with the next adjacent anode

in an endless operative chain whereby the anodes.

may be caused to conduct successively in response
. to electric impulses impressed on the control
members.

"12. In an electronic device including an elec-
tron fube comprising an envelope and an ionizable
medium in the envelope, the combination of a
plurality of anodes and a cathode in the common
gas medium; means including -a substantially
enclosing cell around each anode causing segre-
gation of discharge ionization to the vicinity of a
conducting ancde ‘upon conduction starting be-
tween the cathode and an anode; a common sup-
ply eonductor for the anodes to which each is
connected through a resistor; electrostatic means
coupling the anodes so that an extinguishing elec-
tric potential impulse is conveyed to the other
anodes upon conduction commencing in any cell
so that any of the anodes, but only one at o time,
may receive electrons from the. cathode: and
means- connecting the gaseous mediums of ad-
jacent cells rendered operable by ionization of the

gas in one cell to cause conduction to occur in the
connected cell.
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13. In an. electronic device including a gas-
filled electron tube, in combination, a cathode;
a plurality of anodes; said anodes and cathode
forming a plurality of anode-cathode discharge
paths; control means to cause the anode-cathode
paths to become conductive one after another in
sequence; means connecting each anode through
a resistance to a common potential supply con-
ductor; and means coupling the anodes electro-
statically to a common conductor whereby the act
of conduction beginning in any anode-cathode
path will cause conduction to cease in any previ-~
ously conducting anode-cathode path, thus al-
lowing but one anode at a time to receive cathode-
emitted electrons.

14. In an electronic device including an elec-
tron tube comprising an envelope and an ionizable
medium in the envelope, the combination of a plu-
rality of anodes and a cathode in the common gas
medium; means including a substantially enclos-
ing cell around each anode causing segregation
of discharge ionization to the vicinity of & con-
ductive anode upon conduction starting between
the cathode and an anode; a common supply con=
ductor for the anodes to which each is connected
through a resistor; and electrostatic means cou-
pling the anodes so that an extinguishing electric
potential impulse is conveyed to the other anodes
upon conduction commencing in any enclosing
cell whereby any of the anodes, but only one at
a time, may receive electrons from the cathode.

15. An electron tube comprising an envelope;
an ionizable medium in the envelope; a central
cathode; g plurality of anodes arranged in a circle
about said cathode, said cathode and anodes pro-
viding a plurality of discrete anode-cathode dis-~
charge paths extending radially from the cathode
to the various anodes; a control member for each
discharge path to control the conductivity of the
path; a current-tapping member in each dis-
charge path; circuits- connecting the current-
tapping members and control members for dif-
ferent discharge paths in an endless chain opera-
tive sequence so that conduction in the various
paths will take place one after another in se-
quence; and electrostatic couplings between the
anodes whereby the act of conduction beginning
in any discharge path will cause conduction to
cease in any previously conducting path, the con-
nections between members and the electrostatic
couplings between ancdes being effective to cause
electrons from the cathode o be received by each
of the anodes in sequence.

16. A plurality of anodes; a cathode common
to said anodes; an ionizable medium enveloping
the anodes and the cathode; said ionizable me-
dium, together with the anodes and the cathode,
providing a plurality of discrete anode-cathode
discharge paths; means for selectively rendering
the various anode-cathode discharge paths con-
ductive one after another in step-by-step se-
quence; and means for coupling the anodes to-
gether for mutual extinguishing action whereby
the act of conduction beginning in one anode-
cathode discharge path will extinguish conduction
in any previously conducting discharge path and
thus allow but one anode at a time to receive
electrons:from the cathode. :

17. A device for producing electrical pofential
impulses, comprising ‘a cathode; 2 plurality of
anodes; a gaseous ionizable medium enveloping
the cathode and the anodes; said ionizable me-
dium together with said cathode and anodes pro-
viding a plurality of anode-cathode discharge
paths; control means including connections be-
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tween different anode-cathode discharge paths Number Name Date
for rendering the various discharge paths con- 2,111,626 Heising e Mar, 22, 1938
ductive one. after another in step-by-step se- 2,083,107 Yerzley e June 8, 1937
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cathode discharge paths will cause conduction in 2,195,098 Skellett -~ o~ Mar. 26, 1940
any previously conducting discharge path to be 2,012,837 Tear meee e Aug. 27, 1935
extinguished, said coupling including a conductor 2,145,088 Kobel e Jan. 24, 1939
upon which potential impulses are impressed each 10 2,067,966 Klemperer ... Jan. 19, 1937
time conduction begins in any of said anode- - 2,094,760 Spencer .- Oct. 5, 1937
cathode discharge paths and from which said 2,206,271 Spenceretal. .o——._ July 2, 1940
potential impulses may be obtained. 1,928,203 Meyeretal. oo Sept. 26, 1933
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