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This invention relates to cold cathode gaseous
discharge devices and more particularly to such
devices wherein the gaseous discharge is stepped
along & row of cathodes in response to applied
pulses. .

Tn such devices, which have become known as
stepping tubes and which are described gener-
ally in my Patent 2,575,370 of November 20, 1951,
the cathodes are generally divided info two
groups, designated as rest and transfer cathodes,
and cathodes of these groups are arranged alter-
nately in the row of cathodes. These devices
have also been referred to as gaseous discharge
storage tubes of the glow transfer type. When
a discharge has been initiated at one particular
rest cathode, application of a pulse to the trans-
fer cathodes, which are advantageously con-

nected together, causes the discharge to step, in

a particular direction, from the particular rest
cathede to a transfer cathode and thence, on
removal of the pulse, to the next adjacent rest
cathode.

The direction of the stepping of the discharge
is determined by employing cathodes having pref-
erence mechanisms, as described in my above-
mentioned patent. Such cathodes comprise a
portion of high discharge efficiency and a por-
tion of low discharge efficiency. The low dis-
charge efficiency portion is adjacent the high
discharge efficiency portion of the preceding
cathode. When a discharge is present at a par-
ticular cathode, it will tend to concentrate at the
high efficiency portion, and thus the low efficiency
portion of the next cathode will be adjacent this
region of intense ionization. When a pulse is
applied to the transfer cathodes, the discharge
will transfer to the low discharge efficiency por-
tion of this adjacent transfer cathode due to this
jonization adjacent that portion and then will
itself migrate from the low efficiency portion to
the high efficiency portion. On removal of the
pulse, the glow discharge will similarily fransfer
to the next adjacent rest cathode.

Preference cathodes having these two dis-
charge efficiency portions may be of several types
as fully set forth in my above-mentioned patent.
One particular cathode structure that it is ad-
vantageous to employ due to its simplicity, low
cost, and the ease with which it may be fabri-
cated . is formed from a single wire, the high
efficiency discharge portion being provided by
winding the wire into a closed helix or open-
ended cylinder, thereby providing a hollow cath-
ode, and the low efficienecy portion is provided
by one end of the wire extending from the helix
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2
or cylinder, as set forth in my application Serial
No. 254,327, filed November 1, 1951, now Patent
No. 2,627,053, issued January 27, 1953.

A general object of this invention is to provide
an improved gaseous discharge device of the step-
ping tube type and more particularly to provide
an improved stepping tube employing open-ended
cylinders having wire portions extending there-
from as the preference cathodes of the tube.

In accordance with this invention, a number
of such preference cathodes are arranged in a
glow transfer path with an anode equidistant
from the open end of each cathode and the low
discharge efficiency wire portion of each cathode
extends intermediate the preceding cathode and
the anode so that when a transfer pulse is applied,
the electrie field between the end of the wire por-
tion and the anode will be more intense than that
between the anode and the remainder of the cath-
ode, causing a considerable overvoltage, i. e.,
voltage above that required for breakdown, to be
present at the end of the wire portion. By em-
ploying this overvoltage in addition to the intense
jonization present at the end of the wire portion
due to the discharge at the preceding cathode,
very rapid pulse rates may be utilized.

Tt is, therefore, a feature of this invention that
the wire portion of each preference cathode of a
glow discharge device of the stepping tube type
extend intermediate the high efficiency portion
of the preceding cathode and the anode to estab-
lish the preferential glow transfer path to the
cathode when a glow discharge exists between
the anode and the preceding cathode.

A complete understanding of this invention and
of the various features thereof may be gained
from consideration of the following detailed de-
scription and the accompanying drawing, in
which:

Fig. 1 is a side view of a stepping tube illus-
trative of one specific embodiment of this inven-
tion;

Pig. 2 is a side view of the preference cathodes
and anode of the embodiment of Fig. 1; and

Fig. 3 is a schematic representation of the em-
bodiment of Fig. 1 together with a circuit in which
it may be employed or tested.

Turning now to the drawing, the specific illus-
trative embodiment of this invention depicted
in Fig. 1 comprises an envelope 18, as of glass,
positioned in a base 11, as is known in the art.
Positioned within the envelope {0 are a number
of preference cathodes {2 arranged in a glow
transfer path; these cathodes may advanta-
geously be supported by leads {3 extending
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through the base of envelope {0. An anode,
which may comprise a single wire 15, is posi-
tioned equidistant from the open end of the cath-
odes {2 and may advantageously be supported
by a support wire (6 attached to a lead {71 ex-
tending through the envelope 10.

As best seen in Fig, 2, each of the cathodes (2
comprises an open-e¢nded cylinder portion (8
from which a conductive wire portion {9 extends;
advantageously, the cylinder portion {8 and wire
portion 1§ are formed by winding a single wire
into a closed helix and leaving an end extending
therefrom, as disclosed in my application Serial
No. 254,327, filed November I, 1951, now Patent
No. 2,627,053, issued January 27, 1953, so that the
wire and cylindrical portions of the cathode are
integral.

In accordaunce with one feature of this inven-
tion, the wire portion 18 of a cathode 2 extends
towards the hollow cylinder porticn I8 of the
preceding cathode {2 so as to be positioned not
only intermediate the two cathodes but also in-
termediate the hollow portion i§ of the preceding
cathode and the anode 15. The amount of this
overlap of the wire portion {9 is not critical, as
it is only of importance that the end of the wire
{9 be both within a region of intense ionization
when the glow is present at the preceding cathode
and also ke closer to the anode {5 than the re-
mainder of the cathode {2 in order to attain the
advantages of this invention. The anode 15 may
be offset slightly from the row of cathodes 2.
However, as the end of the wire {9 protrudes into
the glow discharge so that the glow discharge is
along it and is closer to the anode, rapid stepping
of the discharge can be attained.

In one specific illustrative embodiment that has
been constructed, the cathodes 12 each comprised
four turns of .020 inch diameter molybdenum
wire closely wound on a mandrel consisting of
two other .020 inch diameter wires side by side,
i. e, on a .020 x .040 inch mandrel. The conduc-
tive wire portion I8 extended 7%, inch beyond the
outer surface of the open cylinder portion {8 and
the spacing between the end of the wire portion
{8 and the top surface of the preceding open
cylinder portion {8 was .015 inch. The distance
from the top of the end of the wire portion 18§
to the anode {5 was .035 inch, and the anode it-

self was a .030 inch diameter molybdenum wire, 5

The envelope {8 was filled with neon at 50 mil-
limeters of mercury pressure.

Turning now to Fig. 3, there is shown one par-
ticular circuit that may be employed in the uti-

lization of the device of Figs. 1 and 2. A suitable :

operating voltage is applied to the anode (5 from
a. voltage source 20 through an anode resistor 21.
A common connection is provided for the cne
group of alternate cathodes {27, which define the
Test cathodes, by a lead 23, the initial or zero rest
cathode {2z being connected directly to the lead
23, which is grounded, and the other rest cath-
odes being connected to the lead 23 through
switches 25,

One advantagcous manner for initiating the
glow discharge between the one preselected rest
cathode {22, which is the first or zero cathode, and
the anode {5 is to connect the remaining rest
cathodes, through the switches 25, to a positive
voltage source 26 before applying the voltage
source 20 to the anode |5 by closing switch 28.
The discharge will thus be prevented from break-
down to the other rest cathodes and will be ini-
tiated only at the first or zero rest cathode; ad-
vantageously, during this operation, a positive
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potential is also applied to the other alternate
group of cathodes (2¢ which define the transfer
cathodes. The transfer cathodes {2t also have a
common connection between themselves compris-
ing the wire lead 306 which is connected, through
a switch §t, to a pulse source 32.

The pulse source 32 may comprise any of a
number of circuits or arrangements for applying
two successive voltage changes to the transfer
cathodes to cause a transfer of the glow discharge
from one rest cathode to the succeeding one. In
the specific circuit depicted in Fig. 3, the pulse
scurce 32 comprises a source of voltage 34 con-
nected to the transfer cathodes both through the
switch 3! and through a double pole reversal
switch 35. Thus, by operating the reversal
switch 3§, the voltage applied to the transfer
cathodes can be changed from a positive value to
a negative value, or vice versa thereby to apply
two successive voltage changes to the transfer
cathodes.

Reference is made to application Serial No.
117,316, filed September 23, 1949, of H. 1. von
Gugelberg wherein a related invention is disclosed
and claimed.

While. a specific embodiment of this invention
has been illustrated and described above, it is
to be understood that it is but illustrative of the
application of the principles of the invention,
Numerous other arrangements may be devised by
those skilled in the art without departing from
the spirit and scope of the invention.

What is claimed is:

1. A gaseous discharge storage tube of the glow
transfer type wherein a glow discharge is sequen-
tially transferred from one preselected position
within the tube to another to store a given mani-
festation including a number of cathodes ar-
ranged in a glow transfer path and formed as
open-ended cylinders; an anode arranged equi-
distant from the open end of each cathode; means
for initiating a glow discharge between one pre-
selected cathode and said anode; a first common
connection between alternate ones of said cath-
odes in the path and a second common connec-
tion hetween the remaining eathodes, thereby
providing for the application of different voltage
values to the cathodes joined by said first and
second common connections; and conductive
means infermediate adjacent cathodes in said
path and intermediate the first of those two adja-
cent cathodes and the anode for establishing a
preferential glow transfer path to the second of
the two adjacent cathodes when a glow discharge
exists between said anode and the first of the two
adjacent cathodes.

2. A gaseous discharge storage tube of the glow
transfer type wherein a glow discharge is
sequentially transferred along a path to effect
storage including a source of voltage; glow stor-
age position indicating cathodes and one start-
ing cathode arranged in spaced relation along a
line; current conductive means including an
electrical switch commonly connecting said posi-
tion cathodes to said source; current conductive
means connecting said starting cathode to said
source; transfer cathodes, one arranged inter-
mediate each two adjacent position cathodes; an
anode arranged equidistant from each of said
cathodes; a source of pulses to be stored: pulse
responsive voltage changing means commonly
connected to said transfer cathodes for applying
two successive voltage changes thereto in response
to each pulse to be counted; means coupling said
source of pulses and said voltage changing means;
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a glow transfer wire connected to each transfer -

cathode and extending intermediate each posi-
tion cathode and said anode so that each time
5 glow discharge is present between that position
cathode and the anode a glow discharge is pres-
ent along said wire thereby establishing a pref-
erential glow transfer path from that position
cathode to that transfer cathode; a glow transfer
wire connected to each position cathode and ex-
tending . intermediate each transfer cathode and
saiq anode so that each time that a glow dis-
charge is present hetween that transfer cathode
and the anode a glow discharge is present along
said wire thereby establishing a preferential glow
transfer path from that transfer cathode to that
position cathode; and means for rendering said
tube operable to sequentially advance the glow
discharge from one position cathode to the next
in response to each pulse to be stored, said glow
discharge first being advanced to the transfer
cathode intermediate the position cathodes.

3. A gaseous discharge device comprising a
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plurality of cathodes arranged in a glow transfer
path and formed as open-ended cylinders, said
cathodes being arranged in alternate groups de-
fining rest and transfer cathodes; an anode ar-
ranged equidistant from the open end of each
cylinder; means for initiating a glow discharge
between one of said rest cathodes and said anode;
means for applying pulses to each of said trans-
fer cathodes to transfer said discharge from one
rest cathode to the next rest cathode in said
path: and a wire extending from each of said
cylinders and extending intermediate the cylinder
of the preceding cathode and the anode so as
to be within the region of intense ionization of
a glow discharge present at that preceding cath-
ode.
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