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This invention relates to novel electron tube counting
circuits and in particular relates to circuits employing
cold-cathode gas tubes connected in a ring or chain for
sequential operation one after another in response to in-
put impulses and employing blow-out electron tube
means external to the ring or chain for causing a previ-
ously conducting tube of the chain to be extinguished
whenever another tube in the chain is rendered con-
ducting.

The principal advantages of the novel counting circuits
lie in their simplicity and in the reliability of their opera-
tion, the external extinguishing circuits insuring proper
and rapid blow-out of the cold-cathode gas tubes of the
ring or chain as counting progresses.

Briefly, the novel ring or chain circuit utilizes cold-
cathode tubes of the type having at least an anode, a
cathode, an igniter electrode, and a probe electrode. In
these tubes, the igniter and the cathode form a starter
gap by which ionization can be induced in a tube, and
the anode and the cathode form the main gap, to which
ionization spreads when the tube is operating. The
tubes of the ring or chain are divided into two operational
groups, with the cathodes of the tubes of each group
being connected together and to ground over connections
which include a resistor which is common to the group,
and with the anodes each group connected together
and over a resistor, which is common to the group, to a
source of anode potential.

The tobes, which are positive-grid tubes, are con-
nected into an operative chain by floating connections
between the tubes, which connections extend from the
probe of a tube of one group to the igniter of a tube of
the other group. - In case of a ring, the probe of the last
tube, which is in one group, is connected to the igniter of
the first tube, which is in the other group. These floating
connections are simple direct connections, which contain
no impedance elements and have no additional connec-
ticns to potential sources. They cause’ the sequential
operation of the tubes to take place in the desired order by
enabling the probe electrode in a conducting tube to so
influence the igniter in the starting gap of the next tube
in the sequence that the starting gap will be primed to
prepare the next tube so that it will conduct when the
next input impulse is received on the cathodes.

The stepping of the conducting condition of the tubes
of the ring or chain is obtained by applying negative
potential input impulses to the cathodes of the tubes,
that tube firing whose igniter is connected to the probe
of a conducting tube of the chain and is primed by the
conduction in that tube.

An additional extinguishing or blow-out tube is pro-
vided for each of the groups of the chain to cause a
previously-conducting tube of the chain to be extinguished
each time the next tube in the chain is rendered con-

ducting. Each blow-out tube has its anode counnected

to the tubes of its related group and has its control ‘grid
connected to the tubes of the other group so that when-
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ever a tube in one group begins to conduct, it will send
an impulse to the blow-out tube related to the other
group which causes that tube to operate and reduce the
potential across the previously conducting tube of the
other group thereby extinguishing the previously con-
ducting tube. The two blow-out tubes, accordingly, serve
to blow-out any of the tubes of the ring.

The use of separate blow-out tubes removes the blow
out function from the tubes of the rmg or chain so that
no prov1s1on need be made in the. ring circuits, per se,
for causing other tubes to be extinguished. The sepa-
rate blow-out tubes and their related circuits enable
strong blow-out nnpulses to be obtained which can be
made strong enough to insure that the cold-cathode tubes
of the ring will be completely de-lomzed as stepping pro-
gresses around the ring.

It is an object of the invention, therefore, to provide a
simplified electron tube counting circuit with separate
blow-out tube means for blowing out or extinguishing
previously conducting tubes as new tubes become con-
ducting.

A further object of the invention is' to provide blow-
out means external to the ring for producing strong blow-
out impulses which will insure that any previously con-
ducting tube of the ring will be extinguished as a new
tube is rendered conducting.

With these and other incidental objects in view, the
invention includes certain novel features of comstruction
and arrangement of parts shown in the several embodi-
ments which are hereinafter described with reference to
the drawings which accompany and form a part of this
specification.

Of the drawings:

Fig. 1 is a circuit diagram of one embodiment of the
invention in which the blow-out: tubes are thyratrons
having their anodes connected directly to the anodeés of
their related groups of tubes of the ring.

Fig. 2 is a perspective view of one of the cold-cathode
tubes which make up the ring of tubes, showing in par-
ticular the shape and relative position of the several
electrodes in the tube.

Fig. 3 is a circuit diagram of another embodiment of
the invention in which the blow-out tubes are high
vacuum tubes having their anodes connected to a higher
anode potential than the tubes of the groups and having
their anodes also coupled to the anodes of the tubes of
their related groups to impress negative blow-out im-
pulses thereon.

Fig. 4 is a circuit diagram of another embodiment of
the invention in which the blow out tubes. are high
vacuum tubes operated by impulses from the anodes of
the tubes of the groups and supplying positive blow-out
impulses to the cathodes of the tubes of the groups.

Detail description

In order that the invention may be more clearly ex-
plained, it will be described as embodied in various forms
of counting circuits which are suitable for use as de-
nominational orders of a decimal accumulator. It is to
be understood that the invention is not limited to the use
of the novel circuit as a counting ring or to the use of
ten tubes in the ring, because it is' susceptible of use
wherever sequential operation of tubes is desired and
with different numbers of tubes in the ring, the only limi-
tation being that, when connected to operate as a ring,
an even number of tubes must be provided. It will also
become obvious from the following description that ad-
ditional tubes can be included in the ring circuit without
requiring any additional circuit elements of resistance or
capacitance. .

In the following description, values of potential with
reference to ground and values of resistance and capaci-
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tance, as well as tube types, will be given. It is not in-
tended that the invention be limited to these particular
potentials or to the values of resistance specified herein,
becguse the potentials used are merely selected as con-
venient potentials for the disclosure, and the values of the
circuit elements of resistance and capacitance given cor-
respond in relative value to the potentials chosen. It is
also obvious that other types of tubes may be used and
also that other potentials may be used, and, when this
occurs, the values of the circuit elements can be adjusted
accordingly to maintain the proper relationship between
the various parts of the circuit.

Excellent results have been obtained from circuits con-
sfructed according to' the invention, using values of re-
sistance, capacitance, and potentials to be given. These
circu-its also show good toleramce to variations in the
positive potential- supply and in the size of input im-
pulses which: were supplied thereto.

In order to simplify the showing of the circuits, only
the “0,” “1,” “2,” “7,” “8,” apd “9,” digit-representing
tubes of the rings have been shown, because the circuits
and operation of the “3” to “6” digit-representing tubes
are the same as those shown and will be clear from those
circuits which are shown.

As shown in Fig. 1, the counting ring is made up of
cold-cathode tubes. These tubes are of the type shown
more fully in Fig. 2. -

The tube is provided with a plurality of electrodes,
including, in order, a cathode, K; two igniters, I; and I,;
two further electrodes, one of which may be considered
as a probe, P, and the other may be considered as an
auxiliary anode, Ay; and an anode, A.

The cathode K, which is a substantially round flat
disc about .75 of an inch in diameter, is made of a sheet
19 of magnesium and a sheet 20 of nickel, which are
mounted on a support with the magnesium sheet facing
the anode. The two sheets are fastened together at the
support but are merely clipped together by a clip 21 at
a point remote from the support to allow relative move-
ment and prevent buckling due to the different coefficients
of expansion of the two metals.

Adjacent the cathode are the two igniter electrodes,
which are made of .02 of an inch nickel wire. Igniter
T;, which extends across the cathode parallel thereto and
is spaced about .032 of an inch therefrom, can cooperate
with the cathode to form a starting gap. Tgniter I, also
extends across the cathode, parallel thereto, but runs ap-
proximately at right angles to igniter I; and is spaced
about .075 of an inch from the cathode. The igniter
I, can be used with either the cathode or the igniter Ty
to form a starting gap.

The probe P is a flat annular member made from sheet
magnesium. Its outside diameter is substantially the
same as that of the cathode, and it is mounted parallel
to the cathode about .16 of an inch therefrom. This
probe lies adjacent the anode-cathode discharge path and
can be influenced greatly by a discharge in the tube.

The auxiliary anode A, also is made of .02 of an inch
nickel wire. is curved to generally follow the shape of
the probe P, lies between the probe and the anode A,
and also can be influenced by discharge in the tube.

The anode A is a disc of nickel about .25 of an inch in
diameter. Tt is mounted on a suitable support paralle]
to the probe and about .16 of an inch therefrom.

The supports for the ‘various electrodes are insulated
and extend through a press 22 at the bottom of the tube.
- This tube was activated by pulse bombardment of the
cathode and the probe and is filled with argon gas at a
pressure of 12 millimeters of mercury. .

This type of tube has excellent operating characteristics
and is very flexible in its use, since the several electrodes
intermediate the anode and the. cathode can be used in
a variety of ways as igniters, as auxiliary cathodes, or as
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4
probes, as required in the circuit in which the tube is
to be used.

A tube constructed as above will have a striking po-
tential from igniter I; to cathode XK of about 90 volts;
from igniter I, to cathode K of about 140 volts; from
probe P to cathode K of about 180 volts; and from anode
A to cathode K of about 300 volts. With the tube con-
ducting and passing 5 milliamperes, it has a drop of about
67 volts from the cathode to either igniter I; or I, and
o drop of about 75 volts from the cathode XK to the
anode A, and the probe P will be about 60 volts more
positive than the cathode.

As shown in Fig. 1, the “even” tubes of the ring are
connected to form a group by having their ancdes con-
nected together over conductor 23 and thence over re-
sistor 24 of 10,000 ohms to the tap 25 of a 10,600 ohm
potentiometer 26 which is connected between the 420
volt terminal 27 and ground and by having their cathodes
connected together over conductor 28 and to ground over
resistor 29 of 22,000 ohms, point 3¢ and resistor 31 of
6800 ohms. .

Similarly the “odd” tubes of the ring are conmected
to form a group by having their anodes connected to-
gether over a conductor 35 and thence over a resistor 36
of 10,600 ohms to the tap 25 of the potentiometer, and
by having their cathodes connected together over con-
ductor 37 and to ground over resistor 38 of 22,600 ohms,
point 39 and resistor 46 of 6800 ohms.

The tap 25 which is coupled to ground over an 8 micro-
farad stabilizer capacitor is adjusted to provide the two
groups of tubes with anode potential of about 150 to
+175 volts.

The chain connections between the tubes extend from
the probe of one tube to the igniter I, of the next tube
in the series; for example, from the probe of the “8”
tube to the igsiter I of the “1” tube; from the probe of
the “1” tube to the igniter I, of the *“2” tube, etc. These
connections, which are shown at 41, are direct wire con-
nections which contain no impedance elements and are
floating, since they have no direct connection with any
potential source.

It is to be noted that the chain connections extend
from the probe of a tube in one group: to the igniter I
of a tube in the other group, that is, the probe of a tube
in the “even” group is connected to the igniter I, of the
next higher digit value tube in the “odd” group and the
probe of a tube in the “odd” group is connected to the
igniter I, of the next higher digit tube value in the “even”
group. When the digit-representing tubes are connected
to form a ring, as shown in Fig. 1, the prebe of the “8”
tube is connected over a conductor 56 to the igniter I,
of the “@” tube.

These chain connections enable thé tubes to be primed
in succession so that they will operate one after another
in response to negative input impulses applied to the
cathodes of the tubes. For example, if the “0” tube is
conducting, the probe of the “0” tube is in the ionized
medium of the conducting tube and will make the igniter
I, of the “1” tube more positive. Since the “0” tube is
the only tube which is conducting in the ring, the igniter
I of the “1” tube will be more positive than the similar
igniter of any of the other tubes and the “1” tube will
fire. when a negative input impulse is applied to the
cathodes of all the tubes. Such a counter chain compris-
ing a plurality of serially-connected digit-representing
tubes is essentially the same as that disclosed in appli-
cant’s co-pending application Serial No. 259,857, now Pat-
ent No. 2,644,112, filed December 4, 1951, issued June
30, 1953, and assigned to the present assignee of the in-
stant application; however, the above-referred-to applica-
tion utilizes an entirely different concept and circuit for
bringing about the sequential operation of the chain from
that of the instant invention, as will be fully described
hereinafter,

Negative input. impulses of .any value. between —250
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and —400 volts are applied to the counting circuit at ter--

minal 42 which is coupled to the cathodes of ‘the two
groups of tubes of the ring over the following circuit
which extends from terminal 42 over point 43, capacitor
44 of .02 microfarad, and point 45 in the cathode circuit
of a twin diode 46 of the 6H6 type. Point 43 in this cir-
cuit is coupled to ground over a resistor 47 of 220,000
ohms. The cathodes of the diode 46 are connected to-
gether and to ground over point 45 and resistor 48 of

220,000 ohms and capacitor 42 of .003 microfarad in-

parallel and the anodes of the dicdes are coupled to points
36 and 39 in the cathode circuits of the two groups of
tubes of the ring. The diode 46 in the input circuit de-
couples the two cathode circuits of the ring to enable
them to be used more efficiently in controlling the blow-
out tubes.

A separate blow-out tube is provided for each group
of tubes of the ring. These blow-out tubes are thyratrons
of the 2050 type and are connected in self-extinguishing
circuits by which they will be extinguished automatically
shortly after they have been fired. The circuits for tube
55 which is the blow-out tube associated with the “even”
group of tubes are representative of the circuits for both
blow-out tubes and are as follows. The blow-out tube
55 has its anode directly connected to the conductor 23
which connects the ‘anodes of the “even” tubes together,
has its cathode connected to ground over a resistor 56 of
330,000 ohms and capacitor 57 of .1 microfarad in paral-
lel and has its control grid and shield grid connected to-

gether and connected over a resistor 58 of 22,000 ohms. :

to point 59 which is connected to a —27 volt bias poten-
tial over a resistor 68 of 250,000 ochms and is coupled
over a capacitor 61 of .0005 microfarad to the conductor
37 which connects the cathodes of the “odd” tubes to-
gether. Similarly, the blow-out tube 62 for the “odd”
group has its ancde connected to the conductor 35 which
connects the anodes of the “odd” group of tubes together
and has its shield and control grids coupled to the con-
ductor 28 which connects the cathodes of the “even” tubes
together. .

The operaticn of the blow-out tubes can best be under-

stcod by considering the operation of the tube 55 in ex-
tinguishing one of the “even” group of tubes when an
“odd” tube is fired. With an “even” tube, say the “0”
tube conducting, its cathode, as well as the cathodes of
all “even” tubes which are connected thereto will be more
positive than the potential of the cathodes of the “odd”
tubes. Conduction in the “8” tube will cause the igniter
I, of the “1” tube to be more positive than the igniters
of the other “odd” tubes so that when a negative impulse
is impressed on all the cathodes, the “1” tube will fire.
As the “1” tube fires its cathode potential will rise sharply
and this rise will be impressed over capacitor 61, on the
grids of blow-out tube 535 and will fire this tube. At the
moment tube 55 is fired, its cathode potential will be held
at ground while capacitor 57 is charging and during this
time its anode potential will drop and will be positive by
only the amount of the drop across the tube. Since the
anode of the blow-out tube is directly connected to the
ancdes of the “even” group of tubes, the anodes of the
tubes of this group will drop a similar extent and will
be less positive than their cathodes which are at their
higher potential due to conduction in the “0” tube and
will cause conduction to cease in any tube of the group.
As soon as the capacitor 57 has been charged, the anode
potentials of the “even” tubes begin to rise and when the
blow-out tube has been extinguished they will be back to
operating values so that the next “even” tube, the “2”
tube, can operate in response to the next input impulse.
In a similar manner, the firing of the “2” tube will fire
the blow-out tube 62 and cause its anode potential and
that of the “odd” tubes to drop below cathode potential
and extinguish the “1” tube.

The separate blow-out tube for each of the groups.of
tubes of the ring has the advantage that blow-out capaci-
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&
tors can be eliminated from the circuits of the various
tubes of the ring and also has the further advantage that
stronger blow-out impulses can be had to insure that the
cold cathode tubes will be extinguished. ‘

If the ring is to produce an output impulse each time a
certain tube therein operates, as when the counting circuit
forms one order of an accumulator, then the ring must
cause the operation of an output tube. The output tube
65, which is a thyratron of the 2050 type, is connected
in a circuit which will cause the tube to be extinguished
automatically after it has been fired. The tube 65 has
its anode connected over a resistor 66, of 250,000 ohms,
to the 4-420-volt terminal 27; has its cathode connected
to ground over point 67, resistor 68, of 470,000 ohms,
and capacitor 69, of .01 microfarad, in parallel; and has
its shield grid and control grid connected together and
over resistor 70, of 100,000 ohms, to point 71, which is
connected over resistor 72, of 220,000 ohms, to the —6-
volt bias supply terminal 73, and is coupled over capaci-
tor 74, of 50 micro-microfarads, point 75, and conductor
76 to the probe of the “0” tube, from which an impulse
is received each time the “6” tube conducts. Point 75 in
this circuit is connected to ground over a resistor 77, of
4.7 megohms. The impulse from the probe of the “0”
tube will caunse tube 65 to fire and conduct momentarily,
which causes a positive output impulse to be sent out from
point 67 in the cathode circuit for tube 65 over a switch
78 and a capacitor 79, of .003 microfarad. The switch
78 is provided to prevent cutput impulses from being sent
from the tube 65, as when the counting circuit is initially
preset to zero by causing the “0” tube to conduct.

The operation of the counting circuit is ‘as follows.
In order- that the sequential operation of the tubes of
the ring can take place, one of the tubes of the ring
must be made conducting to provide the prime for the
next tube to be operated. Any suitable means may be
provided for this purpose, one such means being shown in
Fig. 1 and consisting of a capacitor 62 of .0005 micro-
farad having one plate connected to the +-420 volt termi-
nal 27 and having the other plate connected to a con-
ductor 63. Afier having discharged the capacitor by
touching the conductor 63 to the terminal 27, the con-
ductor is then momentarily connected to the igniter I,
of the desired tube of the ring. This will cause the tube
to conduct and prime the next tube of the chain for re-
spouse to an input impulse. If the “§” tube is the one
that is thus fired to prepare the ring for operation, the
switch 77 in the output circuit can be opened to prevent
a spurious output signal from being sent from the circuit.

Considering that the “0” tube has been fired to pre-
pare the ring for operation, its cathode will have become
more positive due to conduction in the tube, and since the
other “even” cathodes are connected to the cathode of
the “0” tube, they too will be more positive so that a
negative input impulse applied to the cathodes of the
“even” tubes will be ineffective to cause them to fire.

Of the “odd” tubes only the “1” tube will have its igniter
I, connected to the probe of a conducting tube, the “6¢”
tube. This will prime the “1” tube and make it more
susceptible to fire when the negative impulse is applied to
the “odd” cathodes.

When the “1” tube is fired, its cathode potential rise
will fire the blow-out tube 55 which will cause the anode
potential of the “even” tubes to drop to a value, relative
to the potential of the cathodes, which will not support
conduction in the “even” tubes and will thus extinguish the
“0” tube.

The next impulse will fire the “2” tube which will cause
the blow-out tube 62 to fire and extingnish the “1” tube.

Additional input impulses will cause the other tubes of
the ring to become conducting one after another, the
“3” tube priming the “0” tube to enable the sequential
firing of the tubes to be continued.

Each time the “0” tube is fired and conducts, the po-
tential rise of its probe will be impressed as an impulse on
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the output tube 65 which operates and generates an out-
put impulse.

The embodiment of the invention shown in Fig. 3 is
similar to the one shown in Fig. 1, differing therefrom in
the particular blow-out tube circuits and input circuits
which are used. '

The “even” tubes of the ring have their ancdes cen-
nected together by conductor 84 and over a resistor 85 of
22,000 ohms to the tap of a 10,000 ohm potentiometer
86 which is connected between a +-420 volt terminal and
ground and are supplied with a potential of about 4-150
voits therefrom. The cathodes of the “even” tubes are
connected together by coenductor 87 thence over a resistor
88 of 15,000 chms to one of the ancdes of a twin diode 89
of the 6H6 type whose cathodes are connected together
and to ground over a resistor 8¢ of 6800 chms and a
capacitor 91 cf .001 microfarad in parallel.

Similarly the anodes of the “odd” tubes of the ring are
connected together by coaductor 92 and are connected
over a resistor 93 of 22,000 chms to the tap on the po-
teaticmeter 86, and the cathedes of the “odd” tubes are
connscted togsther by conductor 34 which is connected
over a resistor 95 of 15,000 ohms to the other anode of
the twin diode 89.

The tubes of the two groups are connected in a ring,
probe to igniter I,, as in Fig. 1 to enable their sequential
operation in response to input impulses.

Negative input impulses of from 250 to 500 volts can
be applied to the cathodes of the dicdes from input termi-
nal 96 over point 97 and capacitor 8 of .02 microfarad,
point 97 being connected to ground over a resistor 99 of
220,000 ohms.

As in the counting circuit of Fig. 1, the stepping of the
ring of Fig. 3 will take place as negative impulses are im-
pressed cn the cathodes of the tubes, via their respective
halves of the diode 89.

In Fig. 3 the biow-out tubes 105 and 186 are high
vacuum pentedes of the 6L.6 type having their anodes
connected over points 187 and 108 and resistors 1% and
118 of 150,000 cohms respéctively to the 4420 volt ter-
minal and also ccnnected to ground over .005 micro-
farad capacitors 1131 and 112, and having their cathodes
grounded. Point 167 In the anocde circuit for tube 165
is coupled over a .03 microfarad capacitor 113 to the con-
ductor 84 which connects the ancdes of the “even” tubes
together; and point 168 is similarly coupled over a ca-
pacitor 114 to the conductor 92 which connects the
anodes of “odd” tubes together.

Tube 195 has its control grid connected over resistor
115, of 250,000 chms, to the —55-volt bias supply ter-
minal 118, and coupled over a capacitor 117, of .005
microfarad, to the conductor 94, which connects the
“odd” cathodes together. Similarly, the comirol grid of
the blow-out tube 186 is connected to the bias supply
terminal 116 and is coupled to the conductor §7, which
connects the cathodes of the “even’ tubes together. Due
to: the bias supplied to the centrel grids, tubes 193 and
186 are normally non-conducting:

The operation of the counting ring of Fig. 3 is similar
to.that of Fig. 1. The ring may be preset with any tube
conducting by using a capacitor, as ¢1 in Fig. 1, discharg-
ing the capacitor, and then touching the free lead to the
igniter I; of any tube to cause that tube to conduct and
prime the next tube in the ring for response to input
impulses.

Fach negative input impulse will cause the primed
tube of the ring to conduct, and the act of conduction
in the tube will cause its cathode potential to rise to a
positive value which will be applied as a positive impulse
to:the control grid of the related blow-out tube to cause
it to conduct. Since the blow-out tubes have J-420 volts
applied to their anodes and have their cathodes grounded,
conduction in one of these tubes will cause a large nega-
tive excursion of the anode potential, which is applied
through capacitors 133 and 114, as the case may be, as
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a mnegative impulse to the anodes of the tubes of the
group which contained the previously-conducting tube
and will drive the anode potential of-this group below the
potential of their cathodes and’ cause the previously
conducting tube to be extinguished.

The particular advantage of this blow-out tube ar-
rangement lies in the fact that by wusing much higher
anode potential for the blow-out tubes than that used
for the tubes of the ring, much larger blow-out impulses
can be obtained to insure that any previously conducting
tube of the ring will be extinguished.

An output tube 118 similar to the one used with the
circuit of Fig. 1 is provided and is controlled from the
probe of the “0” tube to produce an output impulse each
time the “0” tube is fired. The circuit constants of the
cutput circuit are the same as those for the ouiput circuit
of Fig. 1 except that a bias of —22.5 volts is supplied to
the control grid.

A further embodiment of the invention is shown in
Fig. 4. 1In this emboediment, each blow-out tube is con-
trolled from the anodes of the tubes of one cf the groups
and applies positive tlow-out impulses to the cathodes
cf the tubes of the other group.

As in the other embodiments, the “even” tubes of
the ring have their anodes commected together by con-
ductor 121 and over a resistor 122 of 10,000 ohms to
the tap of a 10,000 ohm potentiometer 123 which is con-
nected between the 4420 volt terminal 124 and ground;
and the “odd” tubes of the ring have their anodes con-

nected together by conductor 125 and over resistor 126"

of 10,000 chms to the tap on potentiometer 123. The
anodes of both sets are supplied with a potential of about
--150 volis over their respective circuits from the tap
on the potentiometer.

The cathodes of the “even” tubes are connected to-
gether by a conductor 127 and to ground over resistor
128 of 22,000 ohms, point 129 and resistor 130 of 10,060
ohims and the cathodes of the “odd” tubes are connected
together by a conductor 131 and to ground over resistor
132 of 22,000 ohms, point 129 and the resistor 130 which
is common to the two groups of cathodes.

As in the counting circuits of Figs. 1 and 3, the tubes
of the ring are connected, probe-to-igniter I,, in series,
which series connections enable conduction in a tube of
the ring to prime the next tube for response to the next
input impulse.

Negative potential input impulses are applied to the
cathodes of the ring from terminal 133 over point 134
and capacitor 135 of .05 microfarad to common point
i29 in the cathode resistor network, point 134 being
connected to ground over a resistor 136 of 220,600 ohms.
The input impulses will cause the primed tubes of the
ring to fire and become conducting one after another,
thereby producing step-by-step operation of the tubes of
the ring.

Blow-out tubes 148 and 141, which are high vacuum
tubes of the 6L6 type, are utilized to supply blow-out im-
pulses to the ring. Tube 140 has its anode and screen
erid connected over point 142 and resistor 143 to the
~+-420 volt terminal 124 and has its suppressor grid and
cathode directly connected to ground. Point 142 in the
anode circuit of tibe 148 is coupled cver a capacitor 144
of .03 microfarad to the conductor 127 which connects
the cathodes of the “even” tubes together.

The control grid of tube 148 is connected to a —16
volt terminal over a resisior 245 of 250,000 chms and is
supplied with —12.5 volts therefrom and is alsc connect-
ed to the ancde of a diode which is half of a tube 145
of the 6HS type. The related cathode of the diode is con-
nected to ground over a resisior 147 of 470,000 ohms and
is coupled over a capacitor 148 of .005 microfarad fo the
conductor 125 which connects the anodes of the “odd”
tubes together. .

Tube 149 normally is conducting but when an “odd”
tube is fired, its anode potential drop is impressed across
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the diode, on the conirol grid of tube 140 to decrease con-
duction therein. The anode potential rise, due to de-
creased conduction in tube 149 is impressed, as a positive

blow-out impulse on the cathodes of the “cven” tubes

to force the cathode potential of any conducting tube of
this group above its anode potential and thereby cause
the previously conducting “even” tube to be extinguished.

Similarly the other blow-out tube 141 has its control
grid coupled over the other diode of the tube 146 to the
conductor 121 which couples the anodes of the “even”
tubes together and has its anode coupled over a capacitor
to the conductor 131 which couples the cathodes of the
“odd” tubes together. Conduction beginning in any
of the “even” tubes will cause blow-out tube 141 to
cease conducting and send a positive blow-out impulse
to the cathodes of the “odd” tubes to cause any previcusly
conducting tube of the “odd” group to be extinguished.

It is to be noted that as in the case of the embodiment
in Fig. 3, the anodes of the blow-out tubes 148 and 141

" of Fig. 4 are supplied with 4-420 volt anode potential
and strong positive blow-out impulses are obtained which
will insure that a previously conducting tube of one
group will be extinguished when a tube of the other
group is fired.

An output tube 149 similar to those used with the
circuits of Figs. 1 and 3 is provided to produce an out-
put impulse each time the “9” tube is fired. In this em-
bodiment the output tube is connected to the igniter
I; of the “0” tube to receive a positive firing impulse
therefrom each time the “G” tube is fired and becomes
conducting.

A presetting means which includes a capacitor 151,
similar to the capacitor 62 of Fig. 1, is provided to
preset the counting ring by causing any desired tube to
become conducting.

The operation of the counting circuit of Fig. 4 is sub-
stantially the same as the operation of the circuits of
Figs. 1 and 3, negative input impulses causing the step-
by-step firing of the tubes of the ring and the firing of
a tube in one group of tubes of the ring causing an oper-
ation of the blow-out tube means to extinguish the previ-
ously conducting tube in the other group of tubes of
the ring.

In all three embodiments of the invention, the blow-
out tubes, which are external to the tubes of the ring,
enable strong blow-out impulses to be applied to the
ring to insure that a previously conducting tube of the
ring will be extinguished each time a new tube is fired
and becomes conducting. The external blow-out tubes
enable very reliable operation of the ring to be ob-
tained.

While the forms of the invention shown and described
herein are admirably adapted to fulfill the objects pri-
marily stated, it is to be understood that it is not intended.
to confine the invention to the embodiments disclosed
herein for it is susceptible of embodiment in various other
forms.

What is claimed is:

1. In a device of the class described, the combination
of a plurality of gaseous electron tubes, each tube having
at least a pair of electrodes forming a main gap, an igniter
cooperating with one of said main gap electrodes to form
a starter gap, and a probe located in the ionizable
medium of the main gap and capable of exerting a con-
trol when conduction occurs in the main gap; a first main.
gap electrode potential supply connected to the main
gap electrodes of half the tubes and forming them into
a first group; a second main gap electrode potential sup-
ply connected to the main gap electrode of the other
half of the tubes and forming them into a second group;
means connecting the tubes. for operation in a series,
using tubes of the first and second groups alternately,
the connection between adjacent tubes of the series ex-

tending from the probe electrode in a tube of one group:
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to the igniter in the starter gap of the tube of the other
group, and enabling conduction in the tube in which the
probe is located to prepare the starter gap of the next

tube of the serigs for firing in response to an input im-

pulse; means to impress input impulses on said one of the
main gap elecirodes in each of the tubes in both groups;
a blow-out tube having a pair of main elecirodes and
means for controlling conduction therebetween; an oper-
ating potential supply circuit for said blow-out tube, in-
cluding an impedance for producing a potential change
at one of said main electrodes of the blow-out tube
whenever the conducting status of the blow-out tube
changes; means connecting the control means of the
blow-out tube to one of the main gap electrodes of each
of the tubes of the first group of tubes to change the
conducting status of the blow-out tube each time one
of the tubes of the group is fired; means connecting said
one of the main electrodes of the blow-out tube to the
other of the main gap. electrodes of each of the tubes
of the second group of tubes to enable the potential
change at said one main electrode of the blow-out tube
to produce a strong potential surge in the potential sup-
ply of the second group of tubes to extinguish any previ-
ously-conducting tube therein; a second blow-out tube
having a pair of main electrodes and means for control-
ling conduction therebetween; an operating potential sup-

" ply circuit for said second blow-out tube, including an

impedance for producing a potential change at one of
said main electrodes of the second blow-out tube when-
ever the conducting status of the second blow-out tube
changes; means connecting the control means of the sec-
ond blow-out tube to those main gap electrodes of the
tubes of the second group of tubes to which the blow-
out impulse was not applied, to change the conducting
condition of the second blow-out tube each time one of
the tubes of the second group is fired; and means con-
necting said one of the main electrodes of the second
blow-out tube to the main gap electrode of each of the
tubes of the first group which was not used to control
the first blow-out tube, to enable the potential cLange
of said one main electrode of the second blow-out tube
io produce a strong potential surge in the potential sup-
ply of the first group to extinguish any previously-con-
ducting tube therein.

2. A device as claimed in claim 1 in which the elec-
trodes forming the main gaps in the gaseous electron
tubes of the groups are anodes and cathodes; in which
the connections from- the groups of tubes to the control
means of the blow-out tubes extend from the cathodes
of the tubes of the groups; and in which the connections
from the said one main electrodes of the blow-out tubes
extend to the anodes cf the tubes of the groups. -

3. A device as claimed in claim 1 in which the elec-
trodes forming the main gaps in the gaseous electron
tubes of the groups are anodes and cathodes; in which
the connections from the control means of the blow-out
tubes extend to the anodes of the tubes of the groups;
and in which the connections from the said one main
electrodes of the blow-out tubes extend to the cathodes
of the tubes of the groups. -

4. In a device of the class described, the combination
of a first plurality of gaseous electron discharge tubes;
a second plurality of gaseous electron discharge tubes;
each tube of the first and second pluralities of tubes
having at least an anode and a cathode forming a main
gap, an igniter cooperating with the cathode to form a
starter gap, and.a probe located in the ionizable medium
of the main gap and capable of exerting a control when
conduction occurs in the main gap; an anode-cathode
potential supply circuit common to the tubes of the first
plurality of tubes and connecting them into a first group;
an anode-cathode potential supply circuit common. to the
tubes of the second plurality of tubes and connecting
them into-a second group; said anode-cathode potential
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supply circuits including impedances which cause the po-
tentials of the anodes and cathodes of a group to change
whenever a tube in the group conducts; means connect-
ing the tubes for operation in a series, using tubes of the
first and second groups alternately, the connection be-
tween adjacent tubes of the series extending from the
probe electrode in a tube of one group to the igniter in
the starter gap of a tube of the other group, and en-
abling conduction in the tube in which the probe is
located to prepare the starter gap of the next tube of
the series for firing in response to an imput impulss;
means to impress negative potential input impulses on
the cathodes of both groups of tubes to cause the firing
of the prepared tube; a pair of normally non-conducting
blow-out tubes, one for each of said groups of gassous
clectrcn tubes, each blow-cut tube having at least an
anode, a cathede, and means to control conduction thers-
between; a circuit connecting the anode of each blow-
out tube to the anodes of the tubes of its related group;
and a circuit connecting the control means of each blow-
out tube to the cathodes of the other group of tubes
and enabling the firing of a tube in one group to cause
conduction in the blow-out tube of the other group,
which conduction in a blow-out tube causes the potential
of the anodes of its related group to drop and extinguish
any conducting tibe in its related group.

5. In a device of the class described, the combination
of ‘a first plurality of gaseous electron discharge tubes;
a second plurality of electron discharge tubes; each tube
of the first and second pluralities of tubes having at least
an'anode and a cathode forming a main gap, an igniter
cocperating with the cathode to form a starter gap, and
a probe located in the ionizable medium of the main
gap and capable of exerting a control when conduction
occurs in the main gap; an anode-cathode potential
supply circuit common to the tubes of the first plurality
of tubes and connecting them into a first group; an
anode-cathcde potential supply circuit common to the
tubes of the second plurality of tubes and connecting
them into a second group; said anode-cathode poteniial
supply circuits including impedances which cause the
potentials of the anodes and cathodes of a group to
change whenever a tube in the group conducts; means
connecting the tubes for operation iIn a series, using tubes
cf the first and second groups alternately, the connec-
tion between adjacent tubes of the series extending from
the probe electrode in a tube of one group to the igniter
in ‘the starter gap of a tube of the other group, and
enabling conduction in the tube in which the probe is
located to prepare the starter gap of the next tube of
the series for firing in response to an input impulse;
means to impress negative potential input impulses on
the cathodes of both groups of tubes to cause the firing
of the prepared tube; a pair of normally non-conducting
blow-out impulse-generating tubes, one for each of said
groups of gaseous electron tubes, each blow-out impulse-
generating tube having at least an anode, a cathode, and
means to control conduction therebetween; an operating
potential supply for each of the blow-out impulse-gen-
erating. tubes, each supply providing a higher anode po-
tential than that applied to the groups of tubes to enable
a strong negative impulse to be generated when the im-
pulsz-generating tube conducts; circuits coupling the
anode of each blow-out impulse-generating tube to the
anodes of the related group of tubes to impress the
negative impulses thereon to extinguish any conducting
tube of the group; and connections between the control
means of each impulse-generating tube and the cathodes
of the tubes of thie other group of tubes and enabling
the firing of a tube in one group to cause conduction
in the impulse-generating tube related to the other group,
whereby the firing of a tube in one group will cause a
négative impulse to be impressed on the anodes of the
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tubes of the other group to cause any conducting tube
of the other group to be extinguished.

6. In a device of the class described, the combination
of a first plurality of gaseous electron discharge tubes;
a second plurality of electron discharge tubes; each tube
of the first and second pluralities of tubes having at least
an anode and a cathode forming a main gap, an igniter
cooperating with the cathode to form a starter gap, and
a probe located in the ionizable medium of the main gap
and.capable of exerting a control when conduction cccurs
in the main gap; an anode-cathode potential supply circuit
common to the tubes of the first plurality of tubes and
connecting them into a first group; an anode-cathode po-
tential supply circuit common to the tubes of the second
plurality of tubes and connecting them into a second
sroup; said anode-cathode potential supply circuits in-
cluding impedances which. cause the potentials of the
anodes and cathodes of a group to change whenever a
tube in the group conducts; means connecting the tubes
for operation in a series, using tubes of the first and
second groups alternately, the connection between ad-
jacent tubes of the series extending from the probe elec-
trode in a tube of oné group to the igniter in the starter
gap of a tube of the other group, and enabling conduc-
tion in the tube in which the probe is located to prepare
the starter gap of the next tube of the series for firing in
response to an input impulse; means to impress negative
potential input impulses on the cathodes of both groups
of tubes to cause the firing of the prepared tube; a pair of
normally conducting blow-out impulse-generating tubes,
one for each of said groups of gaseous electron tubes,
each blow-out impulse-generating tube having at least an
anode, a cathode, and means to control conduction there-
between; an operating: potential supply for each of the
blow-out impulse-generating tubes, each supply providing
a higher anode potential than that supplied to the groups
of tubes to enable a strong positive impulse to be gen-
erated when the impulse-generating tube ceases conduct-
ing; circuits coupling the anode of each blow-out  im-
pulse-generating tube to the cathodes of the related group
of tubes to impress the positive impulses thereon 16 ex-
tingnish any conducting tube of the group; and connec-

tions between the control means of each impuise-generat-

ing tube and the anodes of the tubes of the other group of
tubes and enabling the firing of a tube in one group to
cause conduction to cease in the impulse-generating tube
related to the other group wheréby the firing of a tuberin

one group will cause a positive impulse to be impressed ofi-

the cathodes of the tubes of the other group to cause any

conducting tube of the other group to be extinguished:
7. In a device of the class described, the combinaticn

of a first plurality of electron-discharge devices; a second

plurality of electron-discharge devices, each of said de--

vices of said first and second plurality including at least
two main electrodes and control means for controlling
conduction therebetween; a first operating potential supply
connected across said main electrodes of each of said dis-
charge devices of said first plurality and forming them
into a first group; a second operating potential supply
connected across said main electrodes of each of said dis-
charge devices of said second plurality and forming them
intc a sccond group; means connecting said discharge
devices together for selective operation in a step-by-step
sequence, using discharge devices of said first and second
groups alternately, each connection between adjacent dis-
charge devices in the sequence extending from-a discharge
device in one group to a discharge device in the other
group and enabling the discharge in the device in one
group to prepare the next device in the sequence, which
is in the other group, for discharge therein; means for
supplying input pulses to the devices of both groups to
cause any prepared discharge device to be rendered con-
ductive; a blow-out impulse-generating device having at

Teast a pair of electrodes and control means for controlling

LTV D
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conduction therebetween, said control means of said blow-
out device coupied to one of said main electrodes of each
of said discharge devices of said first group and one of

said electrodes of said blow-out device coupled to the op-
erating potential supply of said second group of discharge
devices to apply an extinguishing potential surge thereto
each time a discharge commences in a discharge device
of said first group, whereby any conducting device of said
second group is extinguished upon initial conduction in
a device of said first group; and a second blow-out im-
pulse-generating device having at least a pair of electrodes
and control means for controlling conduction therebe-
. tween, said control means of said second blow-out device
coupled to cne of said main electrodes of each of said
discharge devices of said second group and one of said
electrodes of said second blow-out device coupled to the
operating potential supply of said first group of discharge
devices to apply an.extinguishing potential surge thereto
each time a discharge commences in a discharge device
of said second group, the grouping of the discharge devices
into two groups and the connection of the devices for
sequential operation, using devices of said two groups
alternately, and the provision of blow-out impulse-gen-
erating devices external of and for causing extinguishing
action in the respective groups, insuring that the discharge
in any .conducting device is properly extinguished when
a discharge commences in a succeeding device and that
conduction takes place in only one device at a time.

8. In a device of the class described, the combination
of a first plurality of gaseous electron-discharge devices;
a second plurality of gaseous electron-discharge devices,
each of said devices of said first and second plurality
including at least two main electredes and control means
for controlling conduction therebetween; a first operating
potential supply connected across said main electrodes of
each of said discharge devices of said first plurality, said
potential supply connecting said devices of said first
plurality in parallel with respect to omne another and
forming them into a first group; a second operating po-
tential supply connected across said main electrodes of
each of said discharge devices of said second plurality,
said second potential supply connecting said devices of
said second plurality in parallel with respect-to one an-

other and forming them into a second group; means inter- -

connecting said discharge devices of said two groups al-
ternately into an operational series in which the conduct-
ing condition of said devices is advanced step by step,
each series connection extending from a discharge device
in one group to a discharge device in the other group and
enabling the conduction in a discharge device in one
group to prepare a discharge device in the other group
for firing in response to an input impulse; means to supply
input impulses to the discharge devices of both groups
to cause any prepared discharge device to be fired and
rendered conductive; a blow-out impulse-generating de-
vice having at least a pair of electrodes and control means
for controlling conduction therebetween, said control
means of said blow-out device coupled to one of said
main electrodes of each of said electron-discharge devices
of said first plurality to be controlled thereby, to change
its conducting status each time one of said discharge de-
vices of said first plurality is fired, and one of said elec-
trodes of said blow-out device connected to the operating
potential supply of said discharge devices of said second
plurality to produce a strong potential surge therein to
cause any conducting discharge device of said second
plurality to be immediately extinguished; and a secon-d
blow-out impulse-generating device having at least a pair
of electrodes and control means for controlling conduc-
tion therebetween, said control means of said second
blow-out device connected to. one of said main electrodes
of each of said electron-discharge devices of said second
plurality to be controlled thereby to change its conducting
statns each time one of said electron-discharge devices
of said second plurality is fired, and one of said main
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electrodes of said second blow-out device connected to
the operating potential supply for said discharge devices
of said first plurality to produce a strong potential surge

therein to cause any conducting discharge device of said

first plurality of discharge devices to be immediately ex-
tinguished, whereby the firing of a discharge device in
either group causes the operation of its related blow-out
device to extinguish the conducting discharge device of
the other group. ,

9. In a device of the class described, the combination
of a first plurality of gaseous electron-discharge devices;
a second plurality of gaseous electron-discharge devices,
each of said devices of said first and second plurality
including at least two main electrodes and control means
for controlling conduction therebetween; a first operafing
potential supply connected across said main electrodes of
each of said discharge devices of said first plurality and
forming them into a first group; a second operating po-
tential supply connected across said main electrodes of
each of said discharge devices of said second plurality and
forming them into a second group; means connecting the
discharge devices into an operational series in which the
conducting condition of the devices is advanced step by
step, using discharge devices of the two groups alternate-
ly, each series connection extending from a discharge de-
vice in one group to a discharge device'in the other group
and enabling the conduction in a device in one group to
prepare the device in the other group for firing in response
to an input impulse; means to supply input impulses to
the devices of both groups to cause any prepared dis-
charge device to be fired and rendered conductive; a
blow-out tube having at least a pair of electrodes and
control means for controlling conduction therebetween,
said control means of said blow-out tube connected to
one of said main electrodes of each of said electron-dis-
charge devices of said first plorality to be controlled there-
by, to change its conducting status to produce a strong
blow-out impulse each time one of said discharge devices
of said first plurality is fired, and one of said main elec-
trodes of said blow-out tube connected to one of said main
electrodes of each of said discharge devices of said second
plurality to apply the blow-out impulse thereto to cause
any conducting discharge device of said second plurality
to be extinguished; and a second blow-out tube having
at least a pair of electrodes and control means for con-
trolling conduction therebetween, said control means of
said second blow-out tube connected to the other of said
main electrodes of each of said electron discharge devices
of said second plurality to be controlled thereby to change
its conducting status and produce a strong blow-out im-
pulse each time one of said electron-discharge devices
of said second plurality is fired, and one of said electrodes
of said second blow-out tube connected to the other main
electrode of each of said discharge devices of said first
plurality to apply the blow-out impulse thereto to cause
any conducting discharge device of said first plurality to
be extinguished; the blow-out tubes operating alternately
as the discharge devices of the series are fired in response
to input impulses and insuring that a previously conduct-
ing device of the series is extinguished each time another "
device in the series is fired.

10. In a device of the class described, the combination
of a first plurality of gaseous electron-discharge devices;
a second plurality of gaseous electron-discharge devices,
each of said devices of said first and second plurality
including at least two main electrodes and control means
for controlling conduction therebetween; 2 first operating
potential supply connected across said main electrodes of
each of said discharge devices of said first plurality and
forming them into a first group; a second operating po-
tential supply connected across said main electrodes of
each of said discharge devices of said second plurality
and forming them into a second group; means connecting
the discharge devices into an operational series in which
the conducting condition of the devices is advanced step
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by step, each series connection extending from a discharge
device in one group to a discharge device in the other
group and enabling the conduction in a device in one
group to prepare a device in the other group for firing
in response to an input impulse; means to supply input
impulses to the devices of both groups to cause any
prepared device to be fired and rendered conductive; a
blow-out impulse amplifier tube for each of said plu-
rality of gaseous discharge devices, each having at least
a pair of electrodes and control means for controlling
conduction therebetween; an operating potential supply
connected across said electrodes of said blow-cut tubes
for providing said tubes with a higher potential than that
supplied to the plurality of discharge devices to enable
relatively large amplitude blow-out impulses to be pre-
duced upon . a change in the conducting status of each of
said blow-out tubes; means connecting said control means
of one of said blow-out tubes to one of said main elec-
trodes of said electron-discharge devices of said first plu-
rality to be controlled thereby, to change its conducting
status and produce a strong blow-out impulse each time
one of said discharge devices of said first plurality is
fired; means connecting one of said electrodes of said
blow-out tube to one of said main electrodes of each of
said discharge devices of said second plurality to apply
the blow-out impulse thereto to cause any conducting dis-
charge device of said second plurality to be extinguished;
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means connecting said control means of the other of said
blow-out tubes to the other of said main electrodes of
cach of said electron-discharge devices of said second plu-
rality to be controlled thereby to:change its conducting
status and produce a strong blow-out impulse each time
one of said electron-discharge devices of said second plu-
rality is fired; and means connecting one of said electrodes
of the other of said blow-out iubes to the other main
electrode of each of said discharge devices of said first
plurality to apply the blow-out impulse thereto to cause
any conducting discharge device of said first plurality to
be extinguished, the blow-out tubes operating alternately
as the discharge devices of the sequence are fired in re-
sponse to input impulses and producing large-amplitude

blow-out impulses to insure that a previously conducting.

device of the series is extinguished. each time another de-
vice in the series is fired.
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