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1. 
This invention relates to novel electron tube 

counting circuits and in particular to circuits 
employing cold-cathode gas tubes connected in a 
chain or ring for sequential operation one after 
another in response to input impulses. 
The principal advantage of the novel counting 

circuits lies in their simplicity. These circuits re 
quire no more impedance elements for a ring of 
more than two tubes than would be required to 
Operate two tubes as a binary counter. Conse 
quently, a chain or ring of ten tubes for counting 

10 

in the decimal notation requires only those re 
sistors and capacitors which would be necessary 
for two tubes to operate as a binary counter. 

Briefly, the novel ring or chain circuits utilize. 
cold-cathode tubes of the type having at least an 
anode, a cathode, one or more igniter electrodes, 
an auxiliary anode, and a probe electrode. In 
these tubes, an igniter and a cathode or two 
igniters can be used to form a starter gap by 
which ionization can be induced in a tube, and 
the anode and the cathode can form a main gap 
to which ionization spreads when the tube is op 
erating. 
The tubes are connected into an operative chain 

Or Series by floating connections between the 
tubes, which connections extend from a probe of a 
tube of the chain to an igniter of the next tube 
in the chain. In the case of a ring, the probe 
of the last tube of the sequence is connected to 
the igniter of the first tube of the sequence. 
These floating connections are simple, direct con 
nections which contain no inapedance elements 
and have no additional conjections to potential 
Sources but derive potential only from conduction 
in the tubes which they connect. These con 
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Suitable output signal means to produce an outs 
put signal each cycle of operation of the ring or 
when any particular tube of the chain conducts. 

In the novel circuits, therefore, the combination 
of the connecting of the tubes for sequential op 
eration by means of floating connections and the 
grouping of alternate tubes of the Series for ex 
tinguishing action enable an extremely simple 
circuit to be obtained, in which circuit the se 
quential operation of the tubes is obtained in re 
sponse to input impulses which are applied to all 
the tubes. . . . 

It is an object of the invention, therefore, to 
provide a simplified electron tube counting cir 
cuit. 
A further object of the invention is to provide 

a step-by-step-operating electron tube counting 
circuit which requires a minimum of circuit in 
pedance elements. 
Another object of the invention is to provide a 

counting circuit of more than two tubes which 
are capable of operating step by step to accumu 
late amounts but which require no more circuit 
impedance elements than would be required for 
a binary counter involving only two tubes. 
A further object of the invention is to provide 

a counting circuit which includes more than two 
tubes which are operable one at a time in se 
quence in response to input impulses applied to 
all the tubes, but which includes no more circuit 
elements of resistance or capacitance than would 
be necessary to operate two tubes as a binary 
Counter. . . 

35 

nections control the sequential operation of the 
tubes of the chain or ring in the desired order by 
enabling the probe electrode in a conducting tube 
to so influence the igniter in the starter gap, 
of the next tube of the sequence that the starter 
gap will be prepared so that said next tube will 
conduct when the next input impulse is impressed 
On all the tubes. 
The tubes of the chain are connected into two 

operational groups, alternate tubes in the chain 
being included in different groups, and the two 
groups are interconnected for mutual extinguish 
ing action, so that conduction beginning in a 
tube in One group will cause any conducting tube : 
of the other group to be extinguished. Various 
types of extinguishing circuits may be used, de 
pending upon the type of input impulses which 
are available. 

If desired, the ring or chain can control 3 
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with these and other, incidental, objects in 
view, the invention includes certain novel fea 
tures of construction and combinations of parts, 
several embodiments of which are hereinafter 
described with reference to the drawings which 
accompany and form a part of this specification. 
Of the drawings: 
Fig. 1 shows a circuit diagram of one embodi 

ment of the counting circuit which is operable in 
response to negative input impulses applied to 
the cathodes of the tubes and has the cathodes of 

45 the tubes, grouped and the groups coupled for 
extinguishing action. 
Fig.2 shows a circuit diagram of another em 

bodiment of the counting circuit which is oper 
able in response to positive impulses applied to 
the anodes of the tubes and has the cathodes 
grouped and provided with an extinguishing cir 
cuit for mutual extinguishing action between 
groupS. 

Fig. 3 shows a circuit diagram of a further em 
bodiment of the counting circuit which is oper 
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able in response to negative impulses applied to 
one of the igniters in the tubes which acts as an 
auxiliary cathode and in which the anodes are 
grouped and the groups are coupled for ex 
tinguishing action. 

Fig. 4 is an enlarged perspective view of One 
of the cold-cathode tubes used in the rings of 
Figs. 1, 2, and 3 and shows the shape and relative 
position of the electrodes in the tube. 

Detailed description 

In order that the invention may be more clearly 
explained, it will be described as embodied in 
counting rings 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 its use 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 limitation 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. - 

Values of potential with reference to ground 
and values of resistance and capacitance, as well 
as tube types, Will be given in the following de 
Scription. It is not intended that the invention 
be limited to these particular potentials or to the 
values of resistance Specified herein, because the 
potentials used are merely Selected as convenient 
potentials for the disclosure, and the values of 
the circuit elements of resistance and capacitance 
given correspond in relative value to the potential 
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 cir 
cuits constructed according to the invention, 
using values of resistance, capacitance, and po 
tentials to be given. These circuits also showed 
good tolerance to variations in the positive po 
tential supply and in the size of input impulses 
yhich were supplied thereto. w 
While the circuits of Figs. 1, 2 and 3 show 

various embodiments of the invention, they all 
use the Sane general type of multi-electrode 
cold-cathode tube. 
The construction of the cold-cathode tube 

Which is used in the simplified counting circuits 
is shown in Fig. 4. - 
The tube is provided with a plurality of elec 

trodes including, in order, a cathode K, two ig 
niters I1 and I2, a probe P, an auxiliary anode Ax, 
and an anode A. 
The cathode K, which is a substantially round 

flat disc-like electrode about .75 of an inch in 
diameter, is made of a sheet 20 of magnesium 
and a sheet 2 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 22 f at a point remote from the support to 
allow relative movement and prevent buckling 
due to different coefficients of expansion of the 
tWO metals. m 

The igniters I1 and I2 are made of .02 of an 
inch nickel Wire and extend across the cathode 
parallel thereto but are spaced apart and at right 
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4. 
angles to each other. Igniter 12 can be used with 
either the cathode or the igniter I 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. 
This probe lies parallel to the cathode midway 
between the cathode and the anode in the dis 
charge path therebetween. Conduction in the 
tube will greatly influence the probe and will 
enable the probe to be used to effect a control ex 
ternal to the tube. 
The auxiliary anode Ax is also made of .02 

Qf an ineh nickel wire and is curved to generally 
follow the shape of the probe. This auxiliary 
anode lies between the probe and the anode A 
and is also influenced by conduction in the tube. 
The anode is a disc of nickel about 25 of an 

inch in diameter. It is mounted on a suitable 
Support parallel to the probe. 
The supports for the various electrodes are 

insulated and extend through a press 23 at the 
bottom of the tube. 
The tube is activated by pulse bombardment 

of the Cathode and the probe and is filled with 
argon gas at a pressure of 12 millimeters of 
mercury. 

Several types of tubes were made having this 
electrode arrangement but with different Spacing 
between the electrodes. These several types had 
Similar operating characteristics and differed only 
in the Striking potentials and drops between the 
Various electrodes, which would laturally follow 
from their different spacing. 
One type, type I, had its electrodes spaced 

from the cathode the following distances: igniter 
I1, .049 of an inch; igniter T2, .119 of an inch; 
probe P, .315 of an inch; auxiliary anode Ax, .354 
of an inch; and anode A, 630 of an inch. This 
type of tube will have a striking potential of 
about 105 volts from igniter I1 to Cathode; about 
155 volts from igniter Ia to Cathode; about 260 
Volts from probe to cathode; and about 440 volts 
from anode to cathode. With the tube conduct 
IIlg and paSSing about 5 milliamperes, it has a 
drop of about 65 volts between the cathode and 
the igniters and a drop of about 80 Wolts between 
the cathode and the anode. 
Another type, type II, had its electrodes Spaced 

from the cathode the following distances: igniter 
II, 032 of an inch; igniter I, .075 of an inch; 
probe P, .160 of an inch; auxiliary anode Ax, 
about .200 of an inch; and anode A, .320 of an 
inch. This type of tube will have a striking 
potential from igniter I1 to cathode of about 90 
volts; from igniter I2 to cathode of about 155 
volts; from probe to cathode of about 180 volts; 
and from anode to cathode of about 300 volts. 
With the tube conducting and passing 5 milli 
amperes, it has a drop of about 67 volts between 
the cathode and either of the igniters I or I2; 
and a drop of about 75 volts between the cath 
Ode and the anode A. 

In either type of tube, the probe P and the 
auxiliary anode Ax will acquire a positive OO 
tential due to conduction in the tube and will 
be able to control external circuits accordingly. 
In Figs. 1, 2, and 3, the counting rings are 

arranged to count in the decimal notation and 
contain ten tubes; however, in order to Simplify 
the showing, only the “O,” “1,” “2, 7,' “8,' 
and '9' digit-representing tubes are shown, be 
cause the Operation of the circuits will be clear 
from a description of the tubes and circuits 
which are shown. The manner in which the 
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omitted tubes “3,’ “4,' '5,' and '6' would be 
connected in the circuits will be clear from the 
description of the respective circuits. 
The circuits of Fig. I will now be described. 

The figure shows an output signal tube 24 in 
addition to the tubes of the ring, which tube 24 
will fire and generate an output signal for each 
cycle of operation of the ring. This signal may 
be used to operate any desired mechanism; for 
instance, when the ring is one Order of an a C 
cumulator, this signal can be used to cause a 
tens transfer entry to be made in a higher Order 
directly or can be used to condition any con 
ventional delayed-type transfer means for Sub 
sequent operation to enter the value in the 
higher order. 
The digit-representing tubes of the ring and 

the output signal tube 24 in this circuit are 
cold-cathode tubes having the electrode air 
rangement of Fig. 4, with the type I Spacing. 
The tubes of the ring have their anodes COin 

nected together and over point 25 to a tap on a 
50,000-ohm potentiometer 25, which is connected 
between ground and terminal 27, to which --440 
volts is applied. The tap is adjusted to supply 
the anodes with a potential of about --190 
volts. Point, 25 is connected to ground over a 
stabilizing capacitor of .25 of a microfarad. 
As shown in Fig. 1, the “even numbered 

digit-representing tubes have their cathodes : 
connected together to form these tubes into one 
operational group, and the "odd numbered 
digit-representing tubes have their cathodes 
connected together to form these tubes into an 
other operational group. The "even” group of 
cathodes is connected to ground over point 30, 
resistor 3, of 10,000 ohms, point 32, and resistor 
33, of 10,000 ohms, and the “odd' group of cath 
odes is connected to ground over point 34, re 
sistor 35, of 10,000 ohms, and the resistor 33, 
which is common to both groups of cathodes. 
Negative input impulses of from about -270 to 

- 470 volts on input terminal 36 are impressed 
on the cathodes of all the tubes of the ring over 
point 37, capacitor 38, of .1 microfarad, point 32, 
and resistors 3 and 35 and Will cause the step 
ping operation of the ring. Point 3 in this 
circuit is connected to ground over a resistor 
39, of 68,000 ohms, to allow the charge on ca 
pacitor 38 to leak off between impulses. 
The two groups of cathodes are coupled by 

an extinguishing circuit from point 3) Over a, 
capacitor 40, of .05 of a microfarad, to point 34, 
which enables conduction beginning in a tube 
of either group to cause any previously-conduct 
ing tube of the other group to be extinguished. 
The chain connections between the tubes for 

connecting them into an operational series ex 
tend from the probe of one tube to the igniter 
Ia of the next tube in the series and enable con 
duction in said one tube to prepare said next 
tube for operation in response to the next in 
put impulse. These connections, for example, 
extend from the probe of the '0' tube to the 
igniter Ie of the '1' tube, from the probe of 
the '1' tube to the igniter I) of the '2' tube, 
etc., so that the tubes will be prepared and fired 
one after another jn sequence. These Connec 
tions, one of which is indicated at 45, are direct 
wire connections which contain no impedance 
elements and are floating, since they have no 
direct connection with any potential source and 
acquire potential only as a result of conduc 
tion in either of the tubes which they connect. 
When the digit-representing tubes are con 

0 

5 

3) 

45 

5 

6 

65 

70 

75 

6 
nected in a ring, the probe of the '9' tube is con 
nected to the igniter I2 of the '0' tube over 
conductor 46. If the tubes are to operate as a 
trigger pair or as a binary counter, only the 
“0” and the “1” tubes would be used, with the 
probe of the '0' tube connected to the igniter 
I2 of the '1' tube and the probe of the '1' tube 
connected to the igniter I2 of the '0' tube. 
With the ring as shown, the connection 46 be 

tween the probe of the '9' tube and the igniter 
2 of the '0' tube is used to control the output 
Signal tube 24 to cause an operation of tube 24 
each time the '0' tube is fired and becomes 
conducting. Tube 24 is connected in a self 
extinguishing circuit and will conduct momen 
tarily each time the 'O' tube is fired. The 
anode of tube 24 is connected over point 47 and 
resistor 48, of 470,000 ohms, to terminal 27, 
which has --440 volts applied thereto. The 
Cathode of this tube is connected to ground over 
resistor 49, of 270,000 ohms, and capacitor 50, 
of .05 of a microfarad, in parallel. The igniter 
I1 is connected to the cathode over a resistor 5 , 
of 220,000 ohms, and to ground over a resistor 
52, of 220,000 ohms. 
The igniter 1 of tube 24 is coupled over ca 

pacitor. 53, of .03 of a microfarad, and point 54 
to the connection 46, which extends between the 
probe of the '9' tube and the igniter I of the 
'0' tube. This igniter of tube 24 will have a 
positive impulse impressed thereon, when the 
'9' tube fires and also when the '0' tube fires, 
but the pulse which it receives when the '9' tube 
fires will be insufficient to fire the tube, and only 
the pulse which it receives when the “O'” tube 
conducts. Will be effective to cause tube 24 to 
fire. Point 5A in the above circuit is also con 
nected to ground over a 3-megohm resistor 55. 
An output signal conductor 56 is coupled over 

a capacitor 5, of .1 of a microfarad, to point 47 
in the anode circuit of tube 24 and will have a 
negative impulse impressed thereon each time 
tube 24 is fired. 
The ring may be preset to any starting posi 

tion by any conventional means, such as by mo 
mentarily removing anode potential to extinguish 
any previously-conducting tube and then, after 
anode potential has been restored to the tubes, 
by applying a positive potential to the igniter 
of the tube With which counting is to begin. This 
Will cause the selected tube to conduct and pre 
pare the next tube in the sequence for response 
to an input impulse. 

It is clear that, since the chain connections con 
tain no impedance elements and since the cath 
odes are connected into two groups for extinguish 
ing action and require only three resistors, 
3?,33, and 35, and one capacitor, 40, which would 
normally be required to operate the “0” and the 
1. tubes as a binary counter or as a trigger 

pair, an extremely simple decimal Counting ring 
iS provided. 
The operation of the ring is as follows: 
With any one of the tubes Conducting-for ex 

ample, the "7” tube-the ring is in condition to 
Operate in response to input impulses. 

Conduction in the “7” tube will cause its cath 
Ode potential and that of point 34 to be about 
-100 volts and its igniter electrodes and probe 

to become more positive. Since the Cathodes of 
the Other "odd" tubes are also connected to 
point 34, they likewise will have a potential of 
about --100 volts, but their igniters and probes 
Wi not become more positive, since there is no 
conduction in these tubes, 
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At this time, point 30 and the cathodes of the 
“even' tubes will be at a potential of about --50 
volts due to the drop across resistor 33, but this 
will have no effect on the potential of the probes 
or igniters of these tubes, since there is no Con 
duction in any of the “even' tubes at this time. 
The chain connection from the probe of the "7' 

tube to the igniter I2 of the '8' tube Will enable 
the positive potential which is acquired by the 
probe to be applied to the starting gap of the '8' 
tube. This application of positive potential Will 
not cause Sufficient ionization between the igniter 
I2 and the cathode of the '8' tube to cause the 
tube to be fired; accordingly, the '7' tube mere 
ly prepares the starting gap of the '8' tube so 
that the '8' tube can be fired by the next nega 
tive impulse applied to all the cathodes. 
The negative impulse of from 270 to 470 volts 

on terminal 36 is applied over capacitor 38, point 
32, and resistors 3 and 35 to the cathodes of the 
tubes. 
The negative impulse on the cathode of the “8” 

tube will be effective to cause the starter gap of 
the '8' tube to be ionized sufficiently to cause 
a breakdown in the main gap of the '8' tube and 
the tube to conduct. Since the '8' tube is the 
only tube of the ring which is prepared by hav 
ing its igniter I2 connected to a probe in a con 
ducting tube, it will be the only tube which will 
become conducting in response to the impulse. 
As the negative impulse is applied to the tubes 

and conduction commences in the '8' tube, its 
cathode potential will rise sharply, from the 
value which it acquired due to the negative input 
impulse, to the higher positive value due to con 
duction in the tube. This cathode potential rise 
will be transferred over capacitor 40 to the cath 
ode of the '7' tube, which is already conduct 
ing, and Will cause the potential of this cathode 
to rise to Such an extent that the potential across 
the tube Will be less than the Sustaining poten 
tial, causing cessation of conduction in the '7' 
tube. As soon as the '7' tube becomes non 
conducting and the impulse has passed, the po 
tential of the cathodes of the "odd' group of 
tubes will return to that of point 32, and this 
group of tubes is ready to respond to a further 
inpulse. 

Conduction in the “8” tube will prepare the 
Starter gap in the '9' tube, and, when the next 
in pulse is impressed on the cathodes, conduction 
Will begin in the '9' tube. Similarly, conduction 
in the '9' tube will, over connection 46, prepare 
the “0” tube to be fired by the next impulse. 
The connection 46 is also effective to cause 

the output signal tube 24 to be fired when the 
'0' tube is fired and becomes conducting. When 
the '9' tube is rendered conducting and its probe 
becomes more positive, the impulse Created 
thereby over capacitor 53 will not be great 
enough to ionize the starter gap of tube 24 suffi 
ciently to cause a breakdown of its main gap; 
but, when the '0' tube also is fired, it Will, 
through its igniter, cause conductor 46 to be 
come sufficiently more positive to cause a larger 
impulse to be sent to the igniter I1 of tube 24 
to cause the starter gap to break down Sufficiently 
to ionize the main gap. The constants of the 
circuit in which tube 24 is connected are such 
that this tube will automatically be extinguished 
each time it conducts and Will enable a strong 
negative impulse to be generated and sent over 
the output conductor. 56. 
The circuit of Fig. 2 Will now be considered. . 

This circuit differs from the circuit of Fig. 1 

0. 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

8 
principally by using positive input impulses to 
cause the stepping of the tubes of the ring and 
by using a different circuit arrangement for caus 
ing the extinguishing action between the groups 
Of tubeS. 
The tubes forming the ring are cold-cathode 

tubes of the type II noted above, and the out 
put signal tube 60 is a tetrode thyratron of the 
2050 type. 

Fhe-anodes of the tubes of the ring are con 
nected to a common anode conductor 6 and Over 
a common anode resistor 62, of 10,000 ohms, and 
point 63 to a tap on a 10,000-ohm potentiometer 
64, which is connected between ground and ter 
minal 65, to which -- 420 volts is Supplied. The 
tap is adjusted to supply the anodes With about 
--180 volts. Point 63 in the above circuit is 
coupled to ground over an 8-microfarad capac 
itor. 
The “even' numbered digit-representing tubes 

have their cathodes connected together to form 
these tubes into one operational group, and the 
“odd' numbered digit-representing tubes have 
their cathodes connected together to form these 
tubes into another operational group. The 
“even' group of cathodes is connected to ground 
over resistor 66, of 10,000 ohms, and capacitor 67, 
of .05 of a microfarad, in parallel. Similarly, the 
'odd' group of cathodes is connected to ground 
over resistor 68, of 10,000 ohms, and capacitor 69, 
of .05 of a microfarad. It is to be particularly 
noted that but one resistor and one capacitor are 
required for each group of cathodes. 
The common anode resistor 62 and the resistor 

capacitor arrangements 66-67 and 68-69 in the 
cathode circuits of the two groups of tubes enable 
conduction beginning in a tube of either group to 
cause any previously conducting tube of the other 
group to be extinguished. 
As is the case with the ring of Fig. 1, the tubes 

of the ring of Fig. 2 are connected into an opera 
tional series by direct-wire floating connections 
from a probe in a tube to the igniter 2 of the next 
tube of the Series, which connections enable con 
duction in a tube of the Series to prepare the next 
tube in the Series for response to an input in 
pulse. When the tubes are to operate as a ring, 
the probe of the '9' tube is connected to the 
igniter I2 of the '0' tube. If the tubes are to 
operate as a trigger pair or as a binary counter, 
only the '0' and the '1' tubes would be used, 
with the probe of the “0' tube connected to the 
igniter I of the '1' tube and with the probe of 
the '1' tube connected to the igniter of the “O’ 
tube. 

Positive potential input impulses of from 140 
to 220 volts on terminal 74 are impressed on the 
common anode conductor 6 over point 75 and 
capacitor 76, of .05 microfarad, point 5 being 
connected to ground over a resistor , of 220,000 
ohms, to allow the charge on the capacitor is to 
leak off between impulses. Each positive im 
pulse which is impressed on the anodes will be 
effective to cause the starting gap of the prepared 
tube to become ionized sufficiently to cause a 
breakdown of the main gap. 

If desired, the positive input impulses can be 
applied to the auxiliary anodes Ax of the tubes 
instead of to the anodes. When the impulses 
are to be applied to the auxiliary anodes, the cir 
cuit is as shown in Fig. 2, except that the auxil 
iary anodes are connected together and the input 
means are connected to the interconnected aux 
iliary anodes. The input impulses applied to the 
auxiliary anodes will cause the ring to be stepped 
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in the same manner as when applied to the 
anodes. - 

The ring of Fig. 2 can control the output signal 
generating tube 60 to produce an output signal 
each time the '0' tube fires and becomes con 
ducting. Tube 60 is connected in a self-extin 
guishing circuit and has its anode connected over 
resistor 80, of 250,000 ohms, to the tap of a 40,000 
ohm potentiometer 8, which is connected be 
tween terminal 65 and ground. The tap is ad 
justed so that the anode of this tube is supplied 
with a normal operating potential of about --250 
volts. 
The cathode of tube 66 is connected to ground 

over point 82 and resistor 83, of 470,000 ohms, 
and capacitor 84, of .01 microfarad, in parallel. 
Point, 82 in this circuit will have a sharp positive 
potential rise each time the tube conductS mo 
mentarily, and this rise can be Sent Over the nor 
mally-closed switch 85 and capacitor 86, of .003 
of a microfarad, to an output conductor 87. The 
switch 85 can be opened to prevent spurious out 
put signals when the ring is initially preset to 
Zero and the '0' tube is fired. 
The heater element for this tube is shown con 

ventionally. 
The shield grid and the control grid of tube 6 

are connected together and Over a 1-megohm re 
sistor 88 to terminal 89, to which a potential of 
-10.5 volts is supplied, to normally bias the tube 
to cut-off. These grids are also coupled over 
capacitor 90, of 10 microfarads, point 91, and 
conductor 92 to the probe of the '0' tube, which 
coupling enables the positive potential of the 
probe, as the '0' tube conducts, to fire the output 
signal tube. Point 9 in this circuit is connected 
to ground over a 4.7-megohm resistor 93. 
The output signal tube also can be fired from 

the igniter I1 electrode of the '0' tube, if desired, 
merely by connecting conductor 92 to the igniter 
instead of to the probe. 
The ring also can be stepped by negative in 

pulses applied from a source of impulses over Sep 
arate capacitors to the two groups of cathodes. 
A bleeder resistor to ground can be provided to 
allow the charge on these capacitors to bleed off 
nuch in the same manner as is done by resistor 
39 of Fig. 1 or 7 of Fig. 2. In this arrangement, 
the igniter of the '0' tube which is not used in 
the chain connections can be used to operate the 
output signal tube. 
The potential changes on the probes of the 

tubes as the tubes operate can be used to operate 
other types of output signal generating means 
beside the One shown in Fig. 2. For instance, the 
potential rise of the probe of the '0' tube can be 
applied to one tube of a trigger pair to operate 
the pair from normal condition, and the potential 
rise of a probe of a Subsequent tube of the ring 
can be applied to the other tube of the trigger 
pair to restore it to normal condition. The trig 
ger pair, when operated, can generate an output 
signal impulse which can be used to operate Some 
other apparatus as desired. . 
The ring of Fig. 2 can be preset to any starting 

condition in the same manner as the ring of 
Fig. 1. 
The operation of the ring of Fig. 2 is as foll 

lows: 
With any of the tubes conducting-for ex 

ample, the “0' tube-the ring is in condition to 
operate in response to positive input impulses 
applied to the tubes. 
Conduction in the '0' tube will cause its cath 

ode, as well as the cathodes of all “even' tubes, 
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to become more positive due to the drop across 
resistor 66. Conduction in the '0' tube causes 
its probe to become more positive and, over the 
chain connection, prepare the '1' tube for re 
Sponse to the next input impulse. 
The input impulse which is applied to the 

anodes of all the tubes will cause, the starter 
gap of the “1” tube to ionize sufficiently to cause 
a breakdown of the main gap and render the 
'1' tube conducting. 
When the '1' tube begins to conduct, its cath 

Ode Will be held from rising momentarily by the 
capacitor 69, and this will cause its anode po 
tential, as well as the anode potential of all the 
Other tubes, to drop sharply. 
At this time, the cathode of the “0” tube will 

be at its most positive value, and the drop of its 
anode potential will cause the potential across 
the tube to be less than the sustaining potential, 
With the consequent extinguishing of conduc 
tion in the '0' tube. , , 
After a momentary delay, which is sufficient 

for the '0' tube to be extinguished, the cathode 
of the '1' tube will become more positive, and 
the anode potential of all the tubes will rise. 
Conduction in the '1' tube will, over the chain 
Connection, prepare the '2' tube for response 
to the next input impulse. 
A further input impulse applied to the anodes 

will cause the prepared “2” tube to conduct and 
extinguished the “1” tube. In a similar manner, 
input impulses will cause the conduction in the 
tubes to be stepped around the ring. 
The potential rise of the probe of the “O'” 

tube, when that tube conducts, is transmitted 
over conductor 92 and capacitor SG to the out 
put signal tube 60 and will cause this tube to 
conduct momentarily and produce a positive out 
put impulse on the output conductor 87. 
The circuit of Fig. 3 will now be described. 

This circuit differs from the circuits of Figs. 
and 2 in the manner in which input impulses are 
applied to the ring and in the form of the ex 
tinguishing circuit used between the two groups 
of tubes. 
In this circuit, the ring is made up of cold 

cathode tubes of type II, noted above, and the 
output signal tube 95 is a tetrode thyratron of 
the 2050 type. s 
In the circuit of Fig. 3, the anodes of the “odd' 

and "even'tubes are grouped instead of the cath 
Odes, the Cathodes being all connected together 
and directly to ground. 
The anodes of the "even' tubes are connected 

together and over point 96 and resistor 97, of 
39,000 ohms, to an anode potential supply con 
ductor 98, which is connected over point 99 to 
the tap on a 10,000-ohm potentiometer EC, con 
nected between ground and a terminal 2, to 
Which --420 volts is applied. The tap is ad 
justed to Supply conductor 98 with a potential of 
between -150 and +250 volts. Point 39 is cou 
pled to ground over an 8-microfarad stabilizing 
capacitor. - 

The anodes of the "odd' tubes are likewise 
connected together and over point G3 and re 
Sistor i04, of 39,000 ohms, to the anode potential 
Supply conductor 98. 
The two groups of anodes are coupled by an 

extinguishing circuit from point 96 over a capaci 
tor fe5, of .05 microfarad, to point : )3, which 
enables conduction beginning in any tube of 
either group to cause any previously-conducting 
tube of the other group to be extinguished. 
The chain connections for connecting the 
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tubes in a ring are the same as shown in Figs. 
1 and 2, each chain connection being a floating 
direct-wire connection from the probe of a tube 
to the igniter I of the next tube in the chain 
and enabling conduction in a tube to prepare 
the next tube in the chain for conduction in re 
sponse to an input impulse. 
The means for applying input impulses to the 

tubes of the ring is different in the circuit of 
Fig. 3 from the means shown in the circuits of 
Figs. 1 and 2. The igniters I1 of the tubes are 
used as auxiliary cathodes, to which input in 
pulses are applied, and with the igniters I2 form 
starter gaps for initiating conduction in the main 
gaps in Sequence. 
The igniters I1 of the "even' group of tubes are 

connected together and to ground over resistor 
f06, of 100,000 ohms, point 107, and resistor f08, 
of 250,000 ohms, in series. Similarly, the igniters 
Il of the “odd' group of tubes are connected to 
gether and to ground over resistori 09, of 100,000 
ohms, in series with resistor 08, which is com 
mon to the two groupS. 
Negative impulses of between 120 and 140 volts 

are applied from any convenient source if f over 
point ff2 and capacitor 3, of .01 microfarad, to 
point 07 and thence over resistors 06 and 09 
to the igniters I1. The negative impulses on the 
igniters I1 will cause the starter gap of any tube 
whose igniter I2 is connected to a probe in a con 
ducting tube to be ionized sufficiently to start 
conduction between the anode and the cathode. 
Point 2 in the above input circuit is connected 
to ground over a resistor of 220,000 ohms. 
When a tube conducts, its anode and the anodes 

of all the tubes of its related group Will have a 
lower potential, due to the drop across its related 
resistor, 97 or 04. Then, when the next tube in 
the series is fired, which tube is in the other 
group, its anode potential will also drop, and this 
drop is impressed over the capacitor f05 on the 
anodes of the group containing the previously 
conducting tube to drive the anode potential of 
this group below Sustaining potential, thereby 
causing the previously-conducting tube to be ex 
tinguished. Thus, conduction beginning in a tube 
in one group will extinguish any previously-con 
ducting tube of the other group. 
The ring may be preset to any starting condi 

tion in the same manner as fully described in 
connection with the circuit of Fig. 1. 

It is clear that in this ring of Fig. 3 only those 
elements of resistance and capacitance are re 
quired which would be in use in a binary counter 
or trigger pair and that the addition of tubes to 
make the ring capable of counting in a decimal 
notation does not require any additional resistors 
or capacitorS. 
The ring can also control the output signal 

generating tube 95 to produce an output signal 
for each cycle of operation of the ring. In this 
particular embodiment, the tube 95 will be fired 
each time the '0' tube becomes conducting. 
Tube 95 is connected in a self-extinguishing cir 
cuit and has its anode connected over a resistor 
A 5, of 250,000 ohms, to terminal 02 and has 
its cathode connected to ground over a resistor 
| 6, of 470,000 ohms, and capacitor 7, of .01 
microfarad, in parallel. The circuit constants of 
this circuit are such that the tube will be extin 
-guished automatically each time it is rendered 
conducting. - - 

Upon each momentary conduction, the poten 
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tial of point f8 in the cathode circuit will have 
a sharp potential rise, and this rise can be sent 75 

tube to respond to the next impulse. 

12 
as a positive impulse over the normally-closed 
switch f 9 and capacitor 20, of .003 microfarad, 
to an output conductor 2. This output im 
pulse can control or cause the operation of any 
desired mechanism. Switch 9 can be opened 
to prevent spurious output signals when the ring 
is initially preset to zero and the '0' tube is 
fired. 
The heater element for tube 95 is shown con 

Ventionally. 
The shield grid and the control grid of tube 95 

are connected over resistor 22, of 250,000 ohms, 
to terminal 23, to which -10.5 volts is supplied 
to normally bias the tube to cut-off. The grids 
are also coupled over capacitor f24, of .001 micro 
farad, point f25, and conductor 26 to the probe 
of the '0' tube, which coupling enables the posi 
tive potential of the probe, when the "O' tube 
conducts, to fire the output signal generating 
tube. Point 25 is connected to ground over a 
47-megohm resistor. 

It is to be noted that the arrangement for 
applying impulses to auxiliary cathodes as shown 
in Fig. 3 could be used to operate the circuit of 
Fig. 2 instead of using the anode input shown 
therein. When the igniters Il of Fig. 2 are to be 
used as auxiliary cathodes, the igniters of "odd' 
and 'even' tubes are grouped and connected to 
ground over a resistor network, as shown in Fig. 3. 
Negative input impulses on the network will cause 
a stepping of the conducting condition of the 
tubes of the ring. 
The operation of the circuit of Fig. 3 is as 

follows: 
With any of the tubes conducting-for exam 

ple, the '1' tube-the ring is in condition to 
Operate in response to negative input impulses 
applied to the igniters I1, which function as 
auxiliary cathodes. 
Conduction in the '1' tube will cause a drop 

in its anode potential and will also cause its probe 
to be effective on the igniter 12 of the '2' tube 
Over the chain connection to prepare the starter 
gap between the igniter I2 and the igniter II of 
the "2" tube, so that this tube will respond to 
the next input impulse. 
The negative input impulse which is applied 

to the auxiliary cathode of all the tubes will 
cause the Starter gap of the '2' tube, which is 
the only tube having its igniter I2 connected to 
a probe in a conducting tube, to be ionized suf 
ficiently to cause a breakdown of the main gap 
between the cathode and anode which renders 
the '2' tube conducting. 
When the '2' tube begins to conduct, its anode 

potential Will drop, and this drop is impressed 
On the anode of the “1” tube over capacitor 05, 
forcing the anode potential of the “1” tube, which 
was already low, due to conduction in the “1” 
tube, down momentarily to a point below the 
Sustaining potential and causing the '1' tube to 
be extinguished. After the '1' tube has been 
extinguished, its anode potential will rise, as will 
that of the other 'odd' tubes. 
Conduction in the '2' tube will prepare the '3' 

The next 
impulse will cause the '3' tube to conduct, and 
conduction in the '3' tube will extinguish the 
'2' tube and prepare the “4” tube for response 
to the next impulse. In a similar manner, fur 
ther input impulses will cause the conducting 
condition in the tubes to be stepped around the 
ring. . 
The potential rise of the probe of the “0” tube, 

When that tube conducts, is transmitted over 
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conductor 26 and capacitor 24 to the output 
Signal tube 95 and will cause that tube to con 
duct momentarily and produce a positive output 
in pulse on conductor 2. 

It is clear from the above that the combina 
tion of the connection of the tubes for sequential 
operaticia by means of floating connections and 
grouping of alternate tubes in the Sequence for 
extinguishing action enables extremely simple 
step-by-step operating circuits to be obtained, in 
which circuits a chain or ring of more than two 
tubes can be had without any more elements of 
resistance or capacitance than are necessary for 
a two-tube binary counter. 
While the forms of the invention shown and 

described herein are admirably adapted to fulfill 
the objects primarily stated, it is to be under 
stood that it is not intended to confine the in 
vention to the particular forms or embodiments 
disclosed herein, for it is susceptible of embodi 
ment in various other forms. - 
What is claimed is: . . 
1. In a device of the class described, a plurality 

of electrodes forming a plurality of electron dis 
charge paths in a gaseous medium; means con 
necting the discharge paths into an operational, 
sequence, each connection being a fioating con 
nection extending from a discharge path to the 
next discharge path in the sequence and enabling 
the discharge in one path to prepare the next dis 
charge path in the Sequence for discharge in re 
Sponse to an input impulse; an Operating poten 
tial Stappiy for the discharge paths; circuits con 
necting the electrodes which form the discharge 
paths to the operating potential supply and into 
two groups for mutual extinguishing action be: 
tween groups whereby conduction beginning in a 
discharge path of one group will extinguish con 
duction in a conducting discharge path of the 
other group, each of said groups containing alter 
nate discharge paths of Said sequence and the 
circuit of each group containing impedance 
which is common to the paths of the group and 
from which the extinguishing action is derived; 
and means to apply input impulses to the dis 
charge paths to cause conduction in the prepared 
paths one after another in sequence. 

2. In a device of the class described, a plural 
ity of electrodes forming a plurality of electron 
discharge paths in a gaseous medium; means 
connecting the discharge paths into an operation 
all sequence, each connection being a direct-wire 
floating connection extending from a discharge 
path to the next discharge path in the sequence 
and deriving potential solely from conduction in 
the paths to enable the discharge in one path to 
prepare the next discharge path in the sequence 
for discharge in response to an input impulse; 
an operating potential supply for the discharge 
paths; circuits connecting the electrodes which 
form the discharge paths to the operating poten 
tial Supply and into two groups for mutual ex 
tinguishing action between groups whereby con 
duction beginning in a discharge path of one 
group will extinguish conduction in any conduct 
ing discharge path of the other group, each of 
said groups containing alternate discharge paths 
of said sequence and the circuit of each group 
containing impedance which is common to the 
paths of the group and from which the ex 
tinguishing action is derived, the direct-wire con 
nections and common impedance for each group 
of paths enabling an extremely simple circuit to 
be obtained; and means to apply input impulses 
to the discharge paths to cause conduction in 
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the prepared paths one after another in sequence. 

3. In a device of the class described, a plurality 
of electrodes forming a plurality of electron dis 
charge paths in a gaseous medium; means con 
necting the discharge paths into an operational 
Sequence for step-by-step operation in response 
to input impulses, each connection being a di 
rect connection containing no impedance ele 
ments and extending from a discharge path to 
the next discharge path in the sequence and be 
ing a floating connection deriving potential sole 
ly from conduction in the paths to enable the 
discharge in one path to prepare the next dis 
charge path in the sequence for discharge in re 
Sponse to the next input impulse; an operating 
potential supply for the discharge paths; circuits 
connecting the electrodes which form the dis 
charge paths to the operating potential supply 
and into two groups for mutual extinguishing ac 
tion between groups whereby conduction be 
ginning in a discharge path of either group will 
reduce the potential across the discharge paths 
of the other group to below sustaining potential 
to cause conduction to cease in a conducting dis 
charge path of the other group, each of said 
groups being made up of alternate discharge 
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paths of said sequence and the circuit of each 
group containing a load impedance which is com 
mon to the paths of the group and from which 
the extinguishing action is derived; and means 
to apply input impulses to one of the electrodes 
related to each of the paths to cause conduction 
in the prepared paths one after another in se 
quence. . . . . 

4. In a device of the class described, the com 
bination of a plurality of cold-cathode gas tubes, 
each tube having a plurality of electrodes, two 
of said electrodes forming a main gap, two of said 
electrodes forming a starter gap, and a further 
One of Said electrodes located in the discharge of 
the main gap and capable of exterting an ex 
ternal control when conduction occurs in the 
inain gap; means connecting the tubes for op 
eration one after another in sequence in response 
to input impulses, the connection between adja 
cent tubes of the sequence being a direct floating 
conductive coupling from said further electrode 
of a tube to one of the starter gap electrodes of 
the next tube of the sequence which enables con 
duction in a tube to prepare the next tube for 
operation; operating potential supply for the 
tubes; circuits connecting the main gap elec 
trodes of the tubes of the sequence to the poten 
tial Supply and connecting the tubes into two 
groupS for mutual extinguishing action between 
groups, whereby conduction beginning in any 
tube in one group will extinguish any previously 
conducting tube in the other group, the circuit 
for each group of tubes connecting alternate 
tubes of the sequence together and containing 
impedance common to all the tubes of the group 
and from which the extinguishing action is de 
rived; and means for Supplying input impulses to 
all the tubes to cause their sequential operation. 

5. In a device of the class described, the com 
bination of a plurality of cold-cathode gas tubes, 
each tube having at least a pair of electrodes 
forming a main gap, an igniter cooperating with 
One of the electrodes to form a starter gap, and a 
probe located in the discharge of the main gap 
and capable of exerting a control when conduc 
tion occurs in the main gap; means connecting 
the tubes for Operation in sequence in response 
to input impulses, the connection between adja 
cent tubes of the sequence being a direct, float 
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ing, conductive coupling from the probe of a 
tube to the igniter of the next tube of the Se 
quence which enables conduction in a tube to 
prepare the next tube for Operation; an Operat 
ing potential supply for the tubes; circuits con 
necting tubes of the sequence to the potential 
supply and into two groups for mutual extin 
guishing action between groups, whereby conduc 
tion beginning in any tube in one group Will eX 
tinguish any previously-conducting tube in the 
other group, each group containing alternate 
tubes of the sequence and the circuit for each 
group including impedance common to all the 
tubes of the group and from which the ex 
tinguishing action is derived; and means for 
supplying input impulses to a similar electrode 
of all the tubes to cause their sequential Oper 
ation. 

6. In a device of the class described, the Con 
bination of a plurality of cold-cathode gas tubes, 
each tube 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 discharge of the main gap and 
capable of exerting a control. When conduction 
occurs in the main gap; means connecting the 
tubes for operation in sequence in response to 
input impulses, the connection between adjacent 
tubes of the sequence being a direct floating con 
ductive coupling from the probe of a tube to the 
igniter of the next tube of the sequence which 
enables conduction in a tube to prepare the next 
tube for operation; anode potential supply for 
the tubes; cathode potential Supply for the tubeS; 
circuits connecting tubes of the sequence to the 
potential supplies and into two groups for nu 
tual extinguishing action between groups, Where 
by conduction beginning in any tube in Oile grOup 
will extinguish any previously-conducting tube 
in the other group, each group being made up 
of alternate tubes of the sequence and the circuit 
for each group containing impedance common 
to all the tubes of the group and from which the 
extinguishing action is derived; and means fo 
supplying input impulses to all the tubes to CaluSe 
their sequential operation. 

7. In a device of the class described, the con 
bination of a plurality of more than two cod 
cathode gas tubes, each tube 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 discharge 
of the main gap and capable of exerting a. 
control when conduction occurs in the rail 
gap; means connecting the tubes in a. ring for 
operation in sequence in response to input irrir 
pulses, the connection between adjacent tubes 
of the sequence being a direct floating conductive 
coupling from the probe of a tube to the igniter 
of the next tube of the Sequence containing O 
impedance elements and deriving potential Solely 
from conduction in said adjacent tubes, each of 
which connections enables conduction in a tube 
to prepare the next tube for operation; anode 
potential supply for the tubeS; cathode potential 
supply for the tubes; circuits connecting tubes 
of the sequence to the potential supplies and into 
two groups for mutual extinguishing action be 
tween groups, whereby conduction beginning in 
any tube in one group Will extinguish any pre 
viously-conducting tube in the other group, each 
group being made up of alternate tubes of the 
sequence and the circuit for each group contain 
ing impedance common to all the tubes of the 
group and from which the extinguishing action is 
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6 
derived; the use of no impedance elements in the 
Sequence connections and the grouping of the 
tubes into tWO groups for mutual extinguishing 
action, With common impedance for the tubes of 
each group, enabling a ring of more than two 
tubes to be produced, which requires no more 
impedance elements than would be required to 
Connect tWO tubes to operate as a binary counter; 
and means for Supplying input impulses to all 
the tubes to cause their Sequential operation. 

8. In a device of the class described, the com 
bination of a plurality of digit-representing 
tubes, each tube being a cold-cathode gaseous 
electron discharge tube 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 discharge of 
the main gap and capable of exerting an exter 
Enal control. When conduction occurs in the main 
gap; means connecting the tubes for step-by-step 
Operation in a digital Series in response to input 
impulses, each connection being a direct con 
ductive Connection extending from the probe of 
a tube to the igniter of the tube Which is next 
in the Series and enabling conduction in a tube 
in the series to prepare the next tube in the 
Series for response to the next input impulse; 
a Connon anode potential supply to which the 
anodes of all the tubes of the series are con 
Elected; a circuit connecting the cathodes of 
the 'even' digit value tubes together and over 
a first and a Second resistor in series to a source 
of cathode potential; a circuit connecting the 
Cathodes of the "odd' digit value tubes together 
and Over a third resistor and said second re 
Sistor to Said Source of cathode potential; a blow 
out capacitor connecting said “odd' and “even' 
groups of Cathodes to enable an impulse which 
is generated at the cathode of a tube of either 
group as it conducts to extinguish any previously 
Conducting tube of the other group; and means 
to apply input impulses to all the tubes to cause 
any prepared tube to be fired. 

9. The device as claimed in claim 8 in which 
the direct conductive connections between tubes 
contain no impedance elements and acquire po 
tential Solely from conduction in the tubes which 
they connect. 

10. The device as claimed in claim 8 in which 
the means to apply input impulses to the tubes 
includes means to supply negative potential im 
pulses to the juncture of the first, second, and 
third resistors and over the first and third re 
Sistors to the cathodes of the tubes. 

11. In a device of the class described, the com 
bination of a plurality of digit-representing 
tubes, each tube being a cold-cathode gaseous 
electron discharge tube 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 discharge of 
the main gap and capable of exerting an ex 
ternal control when conduction occurs in the 
main gap; means connecting the tubes for step 
by-Step Operation in a digital series in response 
to input impulses, each connection being a di 
rect conductive connection extending from the 
probe of a tube to the igniter of the tube which 
is next in the Series and enabling conduction 
in a tube in the Series to prepare the next tube 
in the Series for response to the next input 
impulse; a common anode potential supply to 
which the anodes of all the tubes of the series 
are connected over a common impedance; a cir 
cuit connecting the cathodes of the “even digit 
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value tubes together and over a cathode im 
pedance, including a resistor and capacitor in 
parallel, to a source of cathode potential; a cir 
cuit connecting the cathodes of the “odd' digit 
value tubes together and over a cathode im 
pedance, including resistor and capacitor in 
parallel, to a source of cathode potential; said 
anode and Cathode impedances cooperating to 
enable a tube of either group as it conducts to 
extinguish any previously-conducting tube of the 
other group; and means to apply input impulses 
to all the tubes to cause any prepared tube to 
be fired. 

12. The device as claimed in claim 11 in which 
the direct conductive connections between tubes 
contain no impedance elements and acquire po 
tential solely from conduction in the tubes which 
they connect. 

13. The device as claimed in claim 11 in which 
the means to apply input impulses to the tubes 
includes means to Supply positive potential in 
pulses directly to the anodes of the tubes. 

14. In a device of the class described, the com 
bination of a plurality of digit-representing 
tubes, each tube being a cold-cathode gaseous 
electron discharge tube having at least an anode 
and a cathode forming a main gap, an igniter 
and auxiliary cathode forming a starter gap, and 
a probe located in the discharge of the main 
gap and capable of exerting an external control 
When conduction occurs in the main gap; means 
connecting the tubes for step-by-step operation 
in digital series in response to input impulses, 
each connection being a direct conductive Con 
nection extending from the probe of a tube to 
the igniter of the tube which is next in the 
series and enabling conduction in a tube of the 
series to prepare the next tube in the series for 
response to the next input impulse; a circuit 
connecting the anodes of the "even' digit value 
tubes together and over an impedance to a source 
of anode potential; a circuit connecting the 
anodes of the “odd' digit value tubes together 
and over an impedance to the Source of anode 
potential; a blow-out capacitor coupling the 
'odd' and “even' groups of the anodes to en 
able an impulse, which is generated at the anode 
of a tube of either group as the tube begins to 
conduct, to extinguish any previously-conducting 
tube of the other group; a circuit connecting 
the cathodes of all the tubes together and di 
rectly to a source of cathode potential; and 
means to apply input impulses to all the tubes. 

15. The device as claimed in claim 14 in which 
the series connections contain no impedance ele 
ments and have no connection to a potential 
source but acquire potential solely from con 
duction in the tubes which they connect. 

16. The device as claimed in claim 14 in which 
the means to apply input impulses to the tubes 
includes a circuit connecting the auxiliary cath 
odes of the 'even' digit value tubes together and 
over a common impedance to a Source of nega 
tive potential input impulses, and includes a 
circuit connecting the auxiliary Cathodes of the 
'odd' digit value tubes together and over a com 
mon impedance to the source of negative po 
tential input impulses. 

17. In a device of the class described, the Com 
bination of a pair of cold-cathode tubes each 
having a plurality of electrodes, two of said elec 
trodes forming a main gap, two of said elec 
trodes forming a starter gap, and a further one 
of said electrodes located in the discharge of the 
main gap and capable of exerting an external 

10 

15 

20 

3 5 

40 

45 

50 

55 

60 

65 

70 

75 

18 
control when conduction occurs in the main gap; 
direct floating connections between the probe of 
each tube and one of the electrodes of the starter 
gap of the other tube to enable conduction in a 
tube to prepare the other tube for response to 
an input impulse, each of said connections con 
taining no impedance elements and having no 
connection to a source of potential but deriving 
its potentials from the discharge within the 
tubes; means connecting similar main gap elec 
trodes together and to a source of potential; cir 
cuits connecting the other main gap electrodes 
over separate impedances to a source of poten 
tial; a blow-out capacitor coupling said other 
main gap electrodes to enable conduction begin 
ning in either tube to extinguish conduction in 
the other tube; and means to apply input im 
pulses to the tubes to cause the prepared tube to 
Operate. 

18. In a device of the class described, the com 
bination of a pair of cold-cathode gaseous elec 
tron discharge tubes, each tube 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 dis 
charge of the main gap and capable of exerting 
an external control when conduction occurs in 
the main gap; connections from the probe of 
each tube to the igniter of the other tube to 
enable conduction in either tube to prepare the 
other tube for response to input impulses, each 
of Said connections being a direct conductive 
Connection containing no impedance elements 
and being a floating connection having no con 
nection to a potential source but deriving po 
tential Solely from the gaseous discharges in the 
tubes which it connects; a common anode po 
tential Supply to which the anodes of both tubes 
are directly connected; a circuit from the cath 
Ode Of One Of Said tubes. Over a first and a Sec 
ond resistor in Series to a source of cathode po 
tential; a circuit from the cathode of the other 
of said tubes over a third resistor and said sec 
Ond resistor in Series to said source of cathode 
potential; a blow-out capacitor coupling the two 
cathodes for mutual extinguishing action to en 
able an impulse generated at a cathode, as a 
tube begins to conduct, to be impressed on the 
Cathode of the other tube which is already con 
ducting to thereby cause said other tube to be 
extinguished; and means to apply input im 
pulses to the tube to operate the prepared tube. 

19. In a device of the class described, the com 
bination of a pair of cold-cathode gaseous elec 
tron discharge tubes, each tube 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 dis 
charge of the main gap and capable of exert 
ing an external control when conduction occurs 
in the main gap; connections from the probe of 
each tube to the igniter of the other tube to 
enable conduction in either tube to prepare the 
other tube for response to input impulses, each 
of Said connections being a direct conductive 
connection containing no impedance elements 
and being a floating connection having no con 
nection to a potential Source but deriving po 
tential solely from the gaseous discharges in the 
tubes which it connects; a circuit connecting 
the anodes together and over a common resistor 
to a source of anode potential; a circuit from 
the cathode of one of Said tubes Over a resistor 
and capacitor in parallel to a Source of cathode 
potential; a circuit from the cathode of the other 
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of said tubes over a resistor and capacitor in 
parallel to the source of cathode potential; the 
impedance in the anode and cathode circuits 
enabling conduction in either tube to extinguish 
the other tube; and means to apply input im 
pulses to the tubes to operate the prepared tube. 

20. In a device of the class described, the com 
bination of a pair of cold-cathode gaseous elec 
tron discharge tubes, each tube having a pair 
of main electrodes which cooperate to form a 
main gap, a pair of starter electrodes forming a 
starter gap, and a probe located in the discharge 
of the main gap and capable of exerting an ex 
ternal control when conduction occurs in the 
main gap; connections from the probe of each 
tube to one of the starter electrodes of the other 
tube to enable conduction in either tube to pre 
pare the other tube for response to input im 
pulses, each of said connections being a direct 
conductive connection containing no impedance 
elements and being a floating connection hav 
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ing no connection to a potential source but de 
riving potential solely from the gaseous dis 
charges in the tubes which it connects; a circuit 
connecting the anode of one of the tubes over 
a resistor to an anode potential supply; a cir 
cuit connecting the anode of the other of the 
tubes over a resistor to the anode potential sup 
ply; a common cathode potential supply to which 
the cathodes are directly connected; a blow-out 
capacitor coupling the two anodes for mutual 
extinguishing action to enable a negative poten 
tial impulse which is generated at the anode, as 
a tube begins to conduct, to be impressed on the 
anode of the other tube which is conducting and 
cause this other tube to be extinguished; and 
means to apply input impulses to the tubes to 
operate the prepared tube. 

JOSEPH. R. DESCH. 
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