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This invention relates to a novel electron tube 
counting circuit and in particular to a circuit 
employing negative-grid thyratrons which are 
connected in a ring or chain for sequential Oper 
ation one after another in response to input in 
pulses. 
The principal advantages of the novel circuit 

lie in its simplicity due to the elimination of 
many resistors and capacitors which had here 
tofore been required and in the consequent Sim 
plification in its fabrication. 

In prior circuits using negative-grid thyratrons, 
it had been usual to have individual cathode 
resistors and bias supply and priming resistance 
networks for each of the tubes of the ring or 
chain, as well as individual input capacitors and 
capacitors in the extinguishing circuits for these 
tubes. The novel circuit does away entirely with 
bias supplying and priming resistance networks 
for the tubes of the ring or chain; does a Way 
with input capacitors and extinguishing capaci 
tors for the tubes of the ring or chain; and re 
duces the number of cathode resistors which are 
required. 

Briefly, the novel circuit utilizes negative-grid 
thyratrons of the tetrode type having at least 
an anode, a cathode, a control grid, and a shield 
grid. The tubes of the ring or chain are divided 
into two operational groups, with the cathodes of 
the tubes of each group connected together and 
to ground over a resistor which is common to the 
tubes of the group and with the anodes of each 
group connected together and over a resistor to 
a separate source of anode potential for each 
grOup, - 

The tubes are connected into an operative chain 
by floating connections between the tubes, which 
connections extend from the shield grid of a 
tube of one group to the control grid of a tube 
of the other group. In case of a ring, the shield 
grid of the last tube in one group will be con 
nected to the first tube in the other group. In 
the novel circuit, the shield grids serve as probe 
electrodes whereby the conducting condition of a 
tube can be utilized to control another tube. 
These floating connections cause the sequential 
operation of the tubes to take place in the desired 
order by enabling the shield grid or probe elec 
trode in a conducting tube to so influence the 
control grid of the next tube in the sequence 
that the next tube will conduct when the next 
input impulse is received by the circuit. 
The anode potentials for the two groups of tubes 

are derived from a potential control means which 
can be operated alternately to One or the other 
of two stable operating conditions. The anode 
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potentials are derived from the control means 
in such a manner that they can vary with the 
different operating conditions of the means. 
When the control means is in one operating con 
dition, the anode potential which is supplied to 
one of Said groups of tubes will be high enough 
to cause conduction in a tube of that group; but, 
When the control means is in its other condition, 
the anode potential which is supplied to this one 
group of tubes will have been reduced to a value 
which will not support conduction in the tubes 
of the group. In a similar manner, the anode 
potential which is Supplied to the other group of 
tubes will be high or low, depending on the oper 
ating condition of the control means. The rela 
tion between the anode potentials which are sup 
plied to the two groups of tubes is such that, 
Whenever the high anode potential is supplied to 
One group of tubes, the low potential will be sup 
plied to the other group of tubes. 
The input impulses for causing the step-by 

Step operation of the tubes of the chain or ring 
are applied to the control means, each impulse 
being effective to reverse the operating condition 
of the control means and thereby cause the above 
noted variation in the potentials supplied to the 
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anodes of the tubes of both groups. 
In the novel circuit, therefore, the combination 

of the grouping of the tubes and the variation 
of the anode potentials applied to the groups from 
the control means, together with the floating 
Shield-grid-control-grid connections which con 
nect the tubes in a chain or ring, enable the tubes 
of the chain or ring to be operated one at a time 
in sequence in response to input impulses which 
are applied to the control means. 

If the tubes are connected in a ring and a 
plurality of rings are to be used for forming a 
multi-denominational order accumulator, suit 
able output-signal-generating means can be uti 
lized as tens transfer means between adjacent 
orders to cause a unit to be entered in the higher 
order when the lower order exceeds its capacity. 

Furthermore, if desired, controls can be sup 
plied for causing a particular tube to conduct 
to prepare the ring or chain for step-by-step 
Operation. 

It is an object of the invention, therefore, to 
Evide a simplified electron tube counting cir 
Clt. 

A further object of the invention is to provide 
a, negative-grid thyratron counting ring in which 
negative bias Supply and priming resistance net 
Works can be eliminated, thereby requiring fewer 
impedance elements in the circuit. 
A further object of the invention is to provide 
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a novel negative-grid thyratron counting ring 
which has a simplified circuit and will be easier 
to construct. 
With these and incidental objects in view, the 

invention includes certain novel features of con 
Struction and combinations of parts, a preferred 
form or embodiment of which is hereinafter de 
Scribed with reference to the drawing which ac 
companies and forms a part of this specification. 
Of the drawing: 
Fig. 1 is a circuit diagram of one of the novel 

counting rings which is capable of forming one 
denominational order of an accumulator, includ 
ing provisions for presetting the ring to a pre 
determined condition and also including provi 
Sions for controlling an output-signal-generating 
means which may be used to furnish tens transfer 
to a higher Order of the accumulator. 

Fig.2 shows a modified form of trigger pair for 
Supplying anode potentials to the ring. 

Detailed description. 

In Order that the invention may be more clear 
ly explained, it Will be described aS embodied in 
a counting ring which is suitable for use as a de 
nominational order 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 Sus 
ceptible 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 be provided. It will also be 
COme obvious from the following description that 
additional tubes can be included in the ring cir 
cuit without requiring any additional circuit ele 
ments of resistance or capacitance. 

In the following description, values of poten 
tial with reference to ground and values of re 
sistance and capacitance, as well as tube types, 
will be given. It is not intended that the inven 
tion be limited to these particular potentials or 
to the values of resistance specified herein, be 
cause 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 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 rela 
tionship between the various parts of the circuit. 
Throughout the drawing, the heater elements of 
the thyratrons are shown conventionally. 
The type of tube used through the circuit is 

the tetrode thyratron of the 2051 type, which has 
an anode, an indirectly-heated cathode, a Con 
trol grid, and a shield grid. 

Excellent results have been obtained from cir 
cuits constructed according to the invention and 
using the values of resistance, capacitance, and 
potentials to be given. These circuits also showed 
good tolerance to variations in the positive poten 
tial supply and in the size of the input impulses 
which were Supplied thereto.. 
The circuit of Fig. 1 includes a ring of digit 

representing tubes, which tubes are operable step 
by step in sequence; a pair of tubes 50 and 5, 
which form the control means and Operate as a. 
trigger pair and supply anode potentials to the. 
tubes of the ring; a pulse-shaping tube 52, upon 
which input impulses are impressed and from 
which a strong uniform operating impulse is sent 
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4. 
to the trigger pair for each input impulse which 
it receives; and an output signal tube 53, which 
may be used for Sending an impulse to another 
Order each time the ring exceeds its capacity 
When the ring forms one order of an accumulator. 
In order to simplify the showing of the circuit, 
only the “0,’ “1,” “2,’ “7, '8' and '9' digit 
representing tubes of the ring have been shown, 
because the circuits and the operation of the 
'3' to “6” digit-representing tubes are the same 
as those shown and Will be clear from those cir 
cuits. Which are shown. 
The pulse-shaping tube 52, which is connected 

- in a self-extinguishing circuit, Will conduct mo 
mentarily and will be extinguished automatically 
each time an input impulse is applied thereto. 
The anode of this tube is connected over re 
sistor 55, of 270 ohms, point 56, and resistor 57, 
of 1.5 megohms, to conductor 58, to which a po 
tential of -150 volts is applied at terminal 59. 
Point: 56.s in this circuit is connected to ground 
over a capacitor of .001 microfarad. The cathode 
of tube 52 is connected to ground over point 60 
and resistor 6 f, of 68,000 ohms, and capacitor 62, 
of 500 micro-microfarads, in parallel. The shield 
grid and control grid of tube 52 are connected 
together and over point 63 and resistor. 64, of 
330,000 ohms, to terminal 65, which supplies -9- 
volt bias potential. Point 63 in this circuit is 
coupled over a capacitor 66, of 500 micro-micro 
farads, to a source of positive potential impulses, 
shown diagrammatically at 67, which is capable 
of furnishing positive potential input impulses 
suitable to cause the pulse-shaping tube to con 
duct. Each time the tube 52, COnductS momen 
tarily in response to an input impulse, the po 
tential of point. 6) will rise sharply to produce: 
a positive impulse, which impulses will be strong 
and uniform. These impulses are used. to drive 
the trigger pair of the control means. from which 
the anode potentials for the tubes of the ring are 
derived. 
The tubes 50 and 5 of the trigger pair of the 

control means are connected in similar circuits, 
which enable the tubes to conduct alternately in 
response to positive potential impulses which are 
impressed thereon. The anodes of these tubes 
are connected directly to conductor 58, which has 
--150 volts supplied thereto, and the cathodes of 
the tubes are connected to ground Over resistors 
70 and T, each of 20,400 ohms. The cathodes of 
these tubes are also coupled by a blow-out circuit 
containing a resistor 72, of 7,800 ohms, and a 
capacitor 73, of .003 microfarad, in series. The 
shield grid and the control grid of tube 50 are 
connected together and over point 4 and re 
sistor 75, of 250,000 ohms, to terminal 16, which 
supplies -12-volt bias potential. Similarly, tube 
5 has its shield and control grids connected to 
gether and over point 77 and resistor 78, of 
250,000 ohms, to terminal 76. 
When tube 50 is non-conducting, its cathode, 

due to the high impedance of the tube, Will be at 
ground potential, but, when the tube con 
ducts, the potential of the cathode will rise 
sharply to about --135 volts, due to the division 
of the drops between the tube and resistor 70 
in the cathode circuit. This means that point 
79 in the cathode circuit will make a similar 
excursion upwardly as the tube begins to conduct 
and downwardly as the tube ceases conduction. 
Similarly, point 80 in the cathode circuit for 
tube. 5 will make a potential excursion upwardly 
and downwardly as that tube. begins to conduct 
and ceases to conduct. 
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The blow-out... connection between tubes. 50 
and 5 insures that only one tube of the pair 
will be conducting at a time. As positive in 
pulses are impressed on the grids of the tubes, 
they will be ineffective on the tube that is al 
ready conducting but will cause the non-con 
cucting tube to conduct. Conduction beginning 
in the previously non-conducting tube will cause. 
its Cathode potential to rise sharply. This rise 
is sent, as an impulse over the blow-out circuit 
to the other tube to cause the previously con 
ducting tube to be extinguished. 

Positive impulses for driving the trigger pair 
are derived from point 69 in the cathode circuit 
of the pulse-shaping tube 52, which point is coul 
pled over capacitor 8 f, of 500 micro-microfarads, 
and resistor 32, of 100,000 ohms, to point 83, 
Which in turn is coupled Over capacitorS 84 and 
85, each of 50 micro-microfarads, to points 4 
and 77 in the grid circuits of the trigger pair 
tubes. Point 33 is connected to ground Over re 
sistor 88, of 100,000 ohms. 
which is applied to the pulse-shaping tube 52 
will cause a positive impulse to be sent over, this 
coupling to cause a reversal in the conducting 
condition of the tubes of the trigger pair. 
While the means in the control means which 

operates to One or another condition alternately 
in response to input impulses is shown as a gas 
tube trigger pair, it is to be understood that the 
invention is not limited to the use of this par 
ticular form of means but can utilize any means 
which can operate to alternate conditions in re 
sponse to impulses and can supply the necessary 
anode potential variations. 
The connections involving the tubes of the 

ring are extremely simple and require very few 
circuit elements of resistance and capacitance. 
These tubes are connected into two operational 

groups and are also connected for sequential Op 
eration. The anodes of the “even' digit-repre 
senting tubes “0” to '8' are connected together 
and over a resistor 90, of 22,000 ohms, to point 79 
in the Cathode circuit of trigger tube 50, from 
which they will be supplied with a high potential 
which will permit conduction in a tube in the 
group when tube 53 conducts but from Which 
they will be supplied a low potential which will 
not support conduction in a tube in the group 
When trigger tube 50 is not conducting. Sim 
ilarly, the anodes of the “odd' digit-representing 
tubes '1' to '9' are connected together and over 
a resistor 9?, of 22,000 ohms, to point 80 in the 
cathode circuit of trigger tube 5 and Will be 
supplied with a high potential which will per 
mit conduction in a tube in the group When 
trigger tube 5 conducts but will be supplied with 
a low potential which will not support conduc 
tion in a tube in the group when trigger tube 5t 
is not conducting. 
Since only one tube of the trigger pair con 

ducts at a time, only one of the groups of tubes 
of the ring at a time will be supplied with high 
potential. 
The cathodes of the "even' digit-representing 

tubes are connected together and over point 92 
and the common resistor 93, of 22,000 ohms, to 
ground. The connection of the cathode of the 
'0' digit-representing tube of the group to the 
point, 92 is over point 94 and an additional re 
sistor 95, of 33,000 ohms, which enables the cath 
ode of the '0' tube to have a potential when the 
“0” tube conducts which is distinctive from that 
when any other “even' tube conducts. This dis 
tinction in potential is used to control the opera 

Each input impulse. 
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6 
tion of a transfer tube in a manner to be ex 
plained more fully hereinafter... . s 
The cathodes of the 'odd' digit-representing 

tubes are connected together and over the con 
mon resistor 96, of 22,000 ohms, to ground. . . . 
The connections between the tubes of the ring 

by Which Sequential Operation... is obtained are 
extremely simple and extend from the shield 
grid or probe electrode of a tube in one group 
directly to the control grid of the tube in the 
other group which is next to be operated. As 
an example, the shield grid or probe electrode of 
the '0' tube of the “even' group is directly con 
nected to the control grid of the '1' tube of the 
'odd' group, and the shield grid or probe elec 
trode of the “1” tube of the “odd' group is di 
rectly connected to the control grid of the '2' 
tube of the "even' group, etc. The connection. 
of the tubes in a ring is completed by connect 
ing the shield grid or probe electrode of the '9' 
tube to the control grid of the '0' tube. . . . ; 
In the ring circuit as shown, the shield grid 

in a conducting tube will be more positive than 
the control grid, and this condition is utilized to 
obtain directional control in the sequential oper 
ation of the tubes and cause tube which has its 
control grid connected to a shield grid of a con 
ducting tube to be fired before the tube, which 
has its shield grid connected to the control grid 
of the conducting tube when high anode poten 
tial is supplied to the non-conducting, group of 
tubes. - 

It is to be particularly noted that, while the 
tubes of the ring are of the negative-grid thy 
ratron type, there are no negative bias supply 
and priming resistance networks provided for 
these tubes, the only connection to the control 
grids of any of these tubes being the floating 
direct connection to the shielding grid Or probe 
electrode of the next preceding tube in the 
ring; and that addition of tubes to the ring does 
not require the use of any more resistors or 
capacitors. . . . . - 

Provision has been made for presetting the 
circuit to a starting condition, which in the in 
stant embodiment Will be that condition in which 
the '0' tube of the ring will be conducting. The 
circuit Which connects the anodes of the 'even' 
tubes has a Switch f therein, which is nor 
mally closed but which can be opened in a prer. 
setting operation to prevent the application of 
anode potential to any of the "even' tubes ex 
cept the '0' tube. With the switch 90 open, 
the trigger pair is operated to cause tube 50 to 
conduct. This Supplies high anode potential to 
the '0' tube only, which will conduct. After the 
'0' tube has been rendered conducting, the SWitch 
96 is closed to supply anode potential to the re 
maining "even' tubes, and the ring is ready for 
normal operation. With the '0' tube conducting, 
the drops across the anode resistor 99 and the 
cathode resistors 93 and 95 will reduce the an 
Ode-Cathode potential applied to the other “even' 
tube to a value that will prevent initiation of 
conduction in any of the other “even” tubes when 
the switch 00 is closed. . . . . . . . . . . . . . . . 
Trigger tubes 50 can be fired in the preset 

ting operation by grounding its control grid or 
by applying a positive impulse to the grid. One 
means for applying positive potential to the grid 
is shown in Fig. 1 and consists of a capacitor 
0, of .01 microfarad, which has one side 
grounded and Which has a lead O2 connected to 
the other side. This lead? 02 can be touched 
to the conductor 58 to charge the capacitor. Of: 
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aid can then be touched to point 03, which is 
connected to the control grid of tube. 50, to apply 
a positive impulse to this tube. 
Any suitable output, means can be controlled 

by the ring to cause a signal to be sent out each 
time an order exceeds its capacity. In the en 
bodiment used to explain the invention, the out 
put means Will.be. in the form of tens transfer 
means which utilizes a negative-grid thyratron 
ini. a. self-extinguishing circuit and is operated 
momentarily to send an output Signal each time 
the '0' tube conducts. This signal can be used 
to cause: a unit: value to be entered in a high 
order: each time: an order exceeds its capacity. 
The output tube 535 has its anode connected 

over point: 05. and resistor fo6, of 1 megohm, 
to conductor. 58, which has -150 volts applied 
thereto. Point. 05 is connected to ground over 
a capacitor of .005. microfarad. The cathode is 
connected to ground over point, fol and resistor. 
08, of 68,000 ohms, in parallel with capacitor 
09; of .001 microfarad. 
The shield grid and control grid of the out 

put tube 53 are connected together and over a 
point fo, resistor if , of 1 megohm, to the 
-9-volt-bias. Supply, terminal 2. Point. O in 
this circuit is coupled over a capacitor 3, of 
100 micro-microfarads, to an adjustable tap on 
a 1-megohm. potentiometer 4, which is con 
nected between ground and point 94 in the 
cathode circuit of the '0' tube. Due to the re 
sistor 95 in the cathode circuit and the coupling 
of point, 94 to ground over the potentiometer 4, 
point 94 will be more positive when the “0” tube 
conducts than when any of the other "even' tubes 
conduct. The tap on the potentiometer is ad 
justed so that the output tube 53. will conduct 
momentarily each time the '0' tube becomes: 
conducting, but will not conduct, when any of 
the other “even' tubes becomes conducting. 
Each time the output tube 53 conducts, the 

potential of point: 07 in its cathode circuit will 
rise, and this rise is transmitted over a suit 
able capacitor 5. as an output impulse which 
can be used to cause a unit value to be entered 
in the higher order. A suitable switch can be 
included in the output circuit, to be opened dur 
ing presetting to prevent any undesirable output 
impulses from being sent out during presetting 
as a result offiring the '0' tube. 

It is to be understood that the output signal 
means which is disclosed herein is merely illus 
trative and that other forms which can be oper 
ated or conditioned by positive impulses can also 
be used with the novel ring. - 
In the circuit of Fig. 1, the anode potentials 

for the two groups of tubes of the ring are de 
rived from the cathodes of the trigger pair, but 
the invention is not limited to this arrangement. 
In Fig. 2 is shown a modified... form of trigger. 
pair in which anode potentials are derived from 
the anodes of the tubes of the pair. The trigger 
pair of Fig. 2 can replace the trigger pair which 
is enclosed in the dot-and-dash outline in Fig. 1, 
the connections a, b, c, d, e, and f from the dot 
and-dash outline in both figures being the same. 

In the trigger pair of Fig. 2, the tubes. 20 and 
2 have their anodes connected over resistors 22 
and 23, each of 20,400 ohms, and over connec 
tions a and b to the positive potential supply con 
ductor (as 58 in Fig. 1) and have their anodes 
coupled by a blow-out capacitor 24, of .01 
microfarad. The cathodes: of the tubes - are 
grounded, and their shield grids and control grids 
are connected together, and over connections: e. 
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8. 
and fito, their bias supply-and-input couplings to 
the pulse-shaping tube (as 52 in Fig. 1). 
The anode of tube 20 is connected over resistor 

25, of 10,000 ohms, and connection d to the 
anodes of the “even' digit-representing tubes of 
the ring... The anodes of this group of tubes of 
the ring will have a high potential applied there 
to. when tube f2O is non-conducting and a low 
potential when tube 20 conducts. Similarly, the 
anode of tube-2 f is connected over resistor 26, 
of 10,000 ohms, to the anodes of the "odd' group 
of tubes of the ring and Will supply a high poten 
tial to the tubes of this group when it is non 
conducting and a low potential When it is Con 
ducting. When the trigger pair of Fig. 2 is in 
corporated in the circuit of Fig.1 to replace the 
trigger pair. shown therein, a voltage of about 
--300 volts is applied to terminal. 59, and in pre 
setting the ring to zero condition the right-hand 
tube of the trigger pair tube 2 is rendered con 
ducting. Otherwise the circuit constants, and 
operation of the circuit are the same as when the 
trigger pair of Fig. 1 is used in the circuit. 
While only two forms of trigger pairs are shown 

as control means for Supplying desired anode 
potentials to the groups of tubes of the ring, other 
forms of trigger pairs also may be used; all that 
is required is that they be capable of furnish 
ing the necessary potential variations at tWO 
points in their circuit from which the potentials 
for the two groups of tubes can be derived. 

Operation 

The operations will be explained. With reference 
to the circuit of Fig. 1. 

With, the various operating and bias potentials 
applied and with the .cathodes properly heated, 
the circuit may be set in its zero condition by 
opening Switch f(00 in the anode circuit for the 
“even' group of tubes, and by touching the lead 
02 first to conductor 58 and then to point 33 

to fire tube 50' of the trigger pair. As tube 50 
conducts, its cathode potential will be high, and 
this will Supply... the high anode: potential to the 
'0' digit-representing tube of the ring. After 
the '0' tube conducts; the switch 0 is closed to 
Supply-anode potential to the other tubes of the 
“even' group. When the '0' tube is conducting, 
the drop across the tube- will be: just enough to 
Sustain conduction but will not be high enough 
to initiate, conduction, in a tube; hence, when 
Switch. 60 is closed after...the “0” tube is conduct 
ing, none of the other. “even' tubes will begin 
to conduct. 
When trigger-tube 50s was fired, it caused trig 

ger-tube 5 to be extinguished, if it were the first 
tube to conduct when potential was supplied. 
With tube 5 non-conducting, it will supply low 
anode potential to all the “odd' tubes, and all of 
these tubes will be non-conducting. 
At the end of the presetting operation, the '0' 

tube of the ring... and the trigger tube 50 Will be 
Conducting. - 

It will be recalled that the digit-representing 
tubes are connected in a ring by floating direct 
Connections between the shield grid or probe elec 
trode of a tube in one group and the control grid 
of a tube in the other group. This means that 
the Shield grid or probe electrode of the “0' tube 
in the "even' group is connected to the control 
grid of the “1” tube in the “odd' group; the shield 
grid or probe electrode of the “1” tube of the “odd' 
group is 'Connected to the '2' tube in the “even' 
group, etc. 
When a tube conducts; its shield grid or probe 
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electrode, being in the ionized medium, Will be 
come more positive and will cause the control 
grid of the next tube in the ring, to which it is 
directly connected, to become more positive. 
Hence, with the '0' tube conducting, the control 
grid of the “1” tube will be the only one con 
nected to a shield grid or probe electrode in a con 
ducting tube and will be more positive than the 
rest. 
The first impulse from the impulse source 67 

will cause the pulse-shaping tube 52 to operate 
and send a strong positive impulse to the trigger 
pair to reverse its operating status. As tube 5 
is fired and becomes conducting, its cathode po 
tential will rise from the low to the high Vallie, 
and during this rise the '1' tube will be rendered 
conducting first because its control grid was more 
positive than that of any of the other "odd' group 
tubes. As soon as the '1' tube begins to conduct, 
the drop across resistors 9 and 96 will reduce 
the voltage across the tube Sufficiently to prevent 
any other "odd's group tube from firing. Only 
the '1' tube in the “odd' group will be conducting. 
The potential rise of the cathode of tube 5 f is 

impressed across the blow-out capacitor 3 and 
the resistor 2 and on the cathode of tube 3 to 
cause tube 58 to be extinguished in the well 
known manner. As tube 50 is extinguished, the 
potential of its cathode will drop from its high 
value to its low value, and conduction can no 
longer be supported in the '0' tube, which will be 
extinguished. . . . . . 
The next input impulse on tube 52 will cause 

another reversal of the operating status of the 
trigger pair, and, since the control grid of the '2' 
tube is more positive than any of the other "even' 
group tubes, this tube will conduct. The reversal 
of the trigger pair will apply the low potential to 
the “odd' group of tubes and will extinguish the 
'1' tube. 

Additional impulses will cause the reverSal of 
the trigger pair to bring about the step-by-step 
operation of the other tubes in the ring, the '9' 
tube preparing the '0' tube for operation as the 
next tube of the sequence. With the operation 
of the '0' tube, the cycle starts all over again. 
When the '0' tube conducts, its cathode po 

tential rise is impressed on the grids of the tens 
transfer tube 53 to cause this tube to be fired and 
generate a tens transfer output impulse, which, ; 
in operations other than presetting, can be in 
pressed on suitable apparatus to CauSe an Opera 
tion thereof. 
While the circuits 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 embodi 
ments herein disclosed, for it is Susceptible of en 
bodiment in various other forms. 
What is claimed is: 
1. In a device of the class described, the Com 

bination of a first plurality of electron tubes; a 
second plurality of electron tubes; said tubes be 
ing of the negative-grid thyratron type, each. 
having at least an anode, a cathode, a probe alec 
trode, and a control electrode; a first Conanol 
anode-cathode potential supply connected to the 
first plurality of tubes and forming then into a 
irst operational group; a Second cominon anode 
cathode potential Supply connected to the Second 
plurality of tubes and forming thern into a Sec 

10 

5 

20 

5 5 

80 

70 

ond operational group; means to control said first 
and second potential Supplies to provide a high 
anode potential to one group to cause conduction 
in a tube of that group and at the same time a 75 

O 
low anode potential to the other group to prevent 
conduction in a tube of that group, said control 
means being operable to reverse the high and low 
condition of the anode potential Supplied to the 
groups each time an impulse is received; neas 
connecting all the tubes into an operational series, 
using tubes from the first and Second groups al 
ternately, each connection extending directly 
from the probe electrode of a tube in one group to 
the control electrode of a tube in the other group; 
and input means for causing an operation of the 
potential supply control means to reverse the 
high and low conditions of the anode potential 
Supplied to the groups; the supplying of anode 
cathode potentials in two groups and the varying 
of their anode potentials in response to impulses 
together with the serial connections between 
tubes, causing the tubes to be operated one at a 
time in sequence. 

2. The device as claimed in claim 1 in which the 
Connections to the control electrodes of the nega 
tive-grid thyratron tubes are floating connections 
and do not include any negative bias supply re 
Sistance network. 

3. The device as clained in claim 1 in which 
the connections connecting the tubes in the oper 
ational series are simply conductors and do not 
include in pedance elements. 

4. The device as claimed in claim 1 in which 
the anode-cathode Supply for each group of tubes 
includes an anode resistance and a cathode re 
sistance Which are connon to all the tubes of 
the group. 

5. The device as claimed in claim in which 
5 the anode-cathode potential Supply for each group 
includes an anode resistance and a cathode re 
sistance which are common to all the tubes of the 
group and in which the series connections be 
tween the tubes are direct connections which do 
not include any resistors or capacitors, whereby 
an extremely simple ring is provided. 

6. The device as claimed in claim 1 in which 
the means for controlling the potential supplies 
is operable alternately to one or another of two 
Stables states of operation and includes a poten 
tial supplying resistance network, said network 
in one of Said States Supplying high potential to 
the first group and low potential to the second 
group and in the other of said states supplying 
low potential to the first group and high potential 
to the second group. 

7. The device as claimed in claim 6 in which 
the means for controlling the potential supplies 
includes a trigger pair in Said resistance network, 
said trigger pair being operable alternately to one 
and the other of Said Stable states in response to 
input impulses. 

8. In a device of the class described, the coin 
bination of a plurality of digit-representing elec 
tion tubes of the negative-grid thyratron type, 
each tube having at least an anode, a cathode, a 
probe electrode, and a control grid; a common 
anode-cathode potential supply connected to ali 
the "odd' digit-representing tubes and forming 
then into an Operational group; a connon anode. 
cathode potential supply connected to all the 
“even' digit-representing tubes and forming then 
into an operational group; naeans to control the 
potential Supplied by the two potential supplies to 
cause the potential at each supply to vary between 
a high anode potential which will cause a tube 
to conduct and a low anode potential which will 
prevent conduction in a tube and to further con 
trol the potential supplies so that when high po 
tential is Supplied to the "even” tubes, low po 
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tential will be supplied to the 'odd' tubes, and 
vice versa, said control means operable in re 
sponse to impulses and upon each: Operation re 
versing the high and low anode potentials Sup 
lied to the “odd' and “even' groups of tubes; 

means connecting the tubes in digital Sequence, 
each connection being a floating connection and 
extending directly from the probe-electrode of a 
tube to the control grid of the tube of next higher 
digital value and eliminating any negative bias 
Supply for the control grid; and means to apply 
input impulses to the potential Supply control 
means to cause its operation to vary the poten 
tials supplied to the ring, whereby to cause the 
sequential operation of the tubes of the ring. 

9. The device as claimed in claim 8 in which 
an anode resistor and a cathode resistor are in 
cluded in the anode-cathode potential supply of 
each group and are common to the -tubes of the 
group; and in which the connections for con 
necting the tubes in the digital sequence are only 
conductors, whereby a ring requiring a minimum 
of resistors is produced. 

10. The device as claimed in claim 8 in which 
the means to control the potential Supplies is a 
trigger pair having two stable States of Operation 
and operable alternately to one and the other of 
the two states and including a potential Supplying 
resistance network for Supplying high potential to 
the “odd' group of tubes and low potential to the 
“even' group of tubes When the trigger pair is in 
one of its operating states and for supplying low 
potential to the "odd' group and high potential 
to the 'even' group when the trigger pair is in 
the other of its operating states. 

11. In a device of the class described, the com 
bination of a plurality of tubes of the negative 
grid thyratron type, each tube including at least 
an anode, a cathode, a probe electrode, and a con 
trol grid; a circuit connecting the cathodes of 
half of the tubes together and Over a Common 
impedance to a cathode potential supply to form 
a first group of tubes; a circuit connecting the 
cathodes of the other half of the tubes together 
and over a common impedance to a Cathode po 
tential supply to form a second group of tubes; 
a circuit connecting the anodes of the first group 
of tubes together and over a common impedance 
to a first source of anode potential; a circuit. Con 
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12 
necting the anodes of the second group of tubes 
together and over a common impedance to a sec 
"ond source of anode potential; means to control 
the potential at the two anode potential sources 
so that the potential at each source can vary 
from a high potential which Will enable conduc 
tion to begin in a tube in the group to a low 
potential which will not Support conduction in 
any tube in the group and to control the poten 
tials. So that, whenever high potential is supplied 
to one group, low potential will be supplied to the 
other group; means connecting all the tubes in 
an operational series using tubes from the first 
and second groups alternately in the series, the 
Series connections being floating, negative-bias 
free connections extending directly from the 
probe electrode of a tube to the control grid of 
the next tube in the series; and means for ap 
plying input impulses to the anode potential con 
trol means to cause it to operate to reverse the 
high and low potential. Supplies each time an 
impulse is received, said reversal of potential 
conditions, together with the Series connections, 
causing the sequential step-by-step operation of 
the tubes in the ring; said anode circuits and 
cathode circuits With their common impedances, 
together with the direct Series connections be 
tween tubes, enabling a ring to be produced with 
a minimum of impedance elements. 

12. The device as claimed in claim 11 in Which 
the series connection between tubes is merely 
a conductor and contains no resistors, 

13. The device as claimed in claim 11 in which 
the means for controlling the potential at two 
potential sources is operable alternately to one. 
or another of two conditions in response to input 
impulses, said means in one condition causing 
the high potential to be applied to the first group 
and low potential to be applied to the Second 
group and to reverse the high and low potentials 
when in Said other condition. 

14. The device as claimed in claim 13 in which 
the means which is operable to one or another 
of two conditions is a trigger pair Which includes 
a resistance netWork which is controlled to Supply 
the potential variationS. 

JOSEPH. R. DESCH. 
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