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UNITED STATES PATENT OFFICE 
9,595,519 

ELE(RONIC COUNTER, 

Wiiliam Anthony Geohegan, Larchmont, N.Y. 
Application April 3, 1946, Serial No. 662,038 

(C. 235-92) 4 : Clainins. 
1. 

My invention relates to processes and appa 
ratus for electronic counting. 
The Subject matter relating to the presettable 

predetermined count register, originally con 
taiined in this application, forms the Subject mat 
ter of my divisional application, Serial No. 
789,176, filed December 2, 1947, now abandoned, 
for legister and process. 
A purpose of Iny invention is to simplify, re 

duce the size, reduce the cost, reduce the number 
of electi'Oinic tubes and improve the reliability and 
efficiency of electronic counters. 
A further purpose is to employ gas tubes, suit 

ably gas filled glow discharge lamps such as neon 
Ol' argOn iamps, to function actively in an elec 
tronic counting ring, Such as a decade, and not 
merely as indicators. 
A further purpose, in an electronic counter 

having a counting ring, is to employ a device hav 
ing a Sharp voltage point at which current ceases 
to flow or a sharp cut-off, in each unit of the 
Counting ring, and to utilize this device when it 
is conducting to prevent any other device in other 
units of the ring from conducting at the same 
tiine, and desirably also for rendering the device 
in the next unit conducting when the next im 
pulse is received to be counted. The device hav 
ing a Sharp voltage point at which current ceases 
to flow, or a sharp cut-off, will most desirably be 
a gas tube Such as a gas filled glow discharge 
lamp, but it may also be a rectifier and associated 
resistorS as later explained. A suitable rectifier 
may be a vacuum tube (diode), a copper oxide 
rectifier, a selenium rectifier or a crystal detector. 
Whenever herein reference is made to such a gas 
tube, it is intended that any other device having 
a Sharp Voltage point at which current ceases to 
flow may be used. 
A further purpose is to employ in an electronic 

counter a counting ring having a gas tube or the 
like in each unit, and, when any gas tube strikes, 
to use this striking not merely to indicate the 
count but to prevent any other gas tubes in the 
other units of the ring from striking, preferably 
by Voltage trainSmitted from the gas tube which 
has struck through preferably substantially equal 
resistO'S to each other unit, and desirably also 
to transmit through the struck gas tube to the 
next unit of the ring the next impulse to be 
counted SO as to strike the next gas tube. 
A further purpose is to employ, in a counting 

ring, an amplifier having a control grid and a 
gaS tube or the like, in each unit, to preferably 
indicate the count by the Striking of a particular 
gas tube, to apply the voltage due to the current 
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in the particular gas tube to each amplifier other 
than the one in that unit, to amplify the voltage 
in each other amplifier, to apply this amplified 
voltage to each gas tube other than the One con 
ducting to prevent striking of any other gas tube, 
and upon receipt of an impulse to be counted de 
sirably to apply that impulse to the control grid 
of the amplifier in the next unit in amplified 
and preferably inverted form with respect to any 
impulse applied to the control grid of any other 
amplifier to cause the amplifier in the next unit 
to gain and strike the gas tube in that unit. 
A further purpose in electronic counting, using 

a counting ring having an amplifier With a coln 
trol grid and a gas tube or the like, in each unit, 
is to Strike One gas tube, at the same time to raise 
the potential of all other control grids in the ring 
in a positive direction and also at the same time 
to reduce the potential of all other gas tubes be 
low their Striking voltages, and upon receipt of 
the next impulse to be counted desirably to raise 
the potential of the next gas tube above its strik 
ing voltage. 
A further purpose is to form an electronic 

COUnting ring of units operatively interconnected 
and each including a gas tube, the gas tube in 
each unit having an open circuit condition in 
Which it is inactive and a closed circuit condi 
tion in which it conducts current to every other 
unit of the ring to prevent the gas tubes in such 
other units from Striking, desirably indicates the 
count on the ring and desirably transmits to the 
next unit the impulse advancing the count. 
Further purposes appear in the specification 

and in the claims. 
In the drawings I have chosen to illustrate one 

main form of my invention, with variations, the 
main form and variations being chosen from the 
Standpoints of convenience in illustration, satis 
factory operation and clear demonstration of the 
principles involved. 

Figure 1 is a diagrammatic illustration of the 
circuit of a counting ring, in the particular case 
a decade, in accordance with the invention. 
Figure it is a fragmentary circuit diagram 

showing a variation in Figure . 
Figure 2 is a diagram of a circuit including 

Several decades and a relay. 
Figure 3 is a fragmentary circuit diagram 

showing means for passing on the impulse to 
the next counting ring. 

Figure 4 is a circuit diagram showing a varia 
tion in the counting ring. 
In the drawings like numerals refer to like 

parts. 
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The electronic counter of the present invention 
indicates directly the number of impulses that 
have been received. It also, where desired, oper 
ates any suitable device when a predetermined 
number of impulses has been received. When 
controlled by a phototube or other light-sensitive 
device, it may be used to count the number of 
objects passing a given point. It may also be 
used to reduce impulse frequency to any desired 
extent, or, in conjunction with an oscillator Or 
other impulse generator of known frequency, it 
will measure time intervals. Other useful appli 
cations will be readily apparent to those skilled 
in the art. 
By the present invention a simplification over 

prior art counting circuits is achieved by using 
gas filed glow discharge lain.ps (neon. Or argOn 
lamps) or other devices having a sharp Voltage 
point at which current ceases to flow or a Sharp 
cut-off, such as other gas tubes, or rectifiers with 
associated resistors, such as Vacuum tube recti 
fiers (diodes), copper oxide rectifiers, Selenium 
rectifiers, or crystal detectors, as functional con 
ponents of the counting circuit. In prior count 
ing circuits, such neon lamps have been used 
merely as indicators to show the count, but the 
lamps did not function in connection with the 
operation of counting. In fact they were apt to 
cause error by generating unwanted impulses 
When they struck. 

In the present invention I preferably combine 
the electrical characteristics of Such neon lamps 
With the characteristics of conventional vacuum 
tube amplifiers in order to produce a simple 
counting circuit than those of the prior art 
Without Sacrificing performance and convenience 
in Operation or in reading. A further simplifica 
tion is accomplished by using the Same neon Ol 
other gas lanpS as indicators and Operating ele 
ments of the circuit. 
The invention may be applied to any counting 

rings, but it is preferred to use the decade or 
scale of ten type, and this form has been illus 
trated. The ring Will, however, operate With a 
larger or Smaller number of units than ten. 
The decade counter counts On the decinal SyS 

tem, and employs one or more decades or count 
ing rings each of which requires ten impulses to 
advance it through its entire cycle and return 
it to its original or Zero position. At the time 
it completes its cycle or returns to Zero position, 
it generates an impulse Which advances the 
Succeeding decade by one step. In the preferred 
embodiment, a decade has ten indicators, one 
being energized at each unit of the count, but 
in some cases the decade may be "blind’ or non 
indicating. 
Thus in the preferred form, where neon lamps 

are used as indicators, and are numbered “O’ 
to '9' inclusive, where five impulses have been 
received, number '5' lamp in the first or units 
decade will be struck or lit, and number '0' 
lamps will be lit in all other decades. Where 
used herein, the term "struck' is used to indicate 
that the lamp lightS and remains lighted until 
a further described change occurs in the circuit. 
Again when forty impulses have been received, 

the units decade will have made four complete 
cycles, and its number '0' lamp will be struck, 
While the tens decade Will have received one in 
pulse for each complete cycle of the units decade, 
and its number '4' lamp will be struck. Thus 
the counter Will directly read forty. 
In the accompanying drawings, certain elec 

tronic tubes and impedances are illustrated, and 
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4. 
in several cases, to aid the user, I have giveil 
examples of tube types and impedance diinen 
Sions. It Will be understood that these aire Stated 
in illustration but not in limitation, and that 
changes and readjustmentS in tube types and in 
pedance dimensions may readily be made by 
those Skilled in the art. Without departing fron 
the Spirit of the disclosure. 

Figure 1 illustrates a counting ring, Which in 
this case is a decade, consisting of ten units num 
bered respectively from '0' to '9' inclusive. Each 
unit consists of its electronic elements and aSSo 
ciated in pedances, constituting an operative unit 
to receive, respond to and usually indicate the 
Counting impulse, and pass along the Succeeding 
impulse to the next similar unit. It will be evi 
dent that this is truly a ring in the sense that 
not only does number '1' follow number '0,' etc., 
but also number '0' follows number “9.' 

It Will also be evident that auxiliary affects 
may occur. When the ring completes a cycle, Such 
aS the actuation or advance of another counting 
ring, but for the moment in considering the 
counting ring as an entity these features are 
eliminated from the discussion. 

It Will also be understood that means may be 
provided for reSetting the counting ring or in 
terconnected group of counting rings to zero at 
any desired time, and that, as later explained, 
external effectS may be set in notion upon at 
taining any particular count. 
Each unit Of the ring includes a device having 

a Sharply defined Voltage below which current 
ceases to flow, which in the preferred embodi 
nilent Will be a gas tube, Suitably a cold cathode 
gas filled glow discharge lamp, Such as for 
ordinary purposes a Small commercial neon or 
argon filled lamp. It Will also be evident that 
the device having sharp cut-off may be a recti 
fier, With a SSociated resistors, such as a copper 
oxide or Selenium rectifier or a crystal detector 
or preferably a vacuum tube diode rectifier. 

Since for best operation a gas tube will be 
used as a device having sharp cut-off, Figure 1 
illustrates tubes of this character used for this 
purpoSe. 
The individual gas tubes in the individual units 

are indicated at .25 to 34 inclusive, the terminals 
35 of the gas tubes being suitably identical and 
capable of connection with either side of the tube 
On the high Voltage side. Also employed in each 
unit is an individual amplifier 36 to 45, inclusive, 
Which in the particular embodiment shown is a 
triode having a cathode 46, anode 4 and 
control grid 48. For convenience, twin triodes 
Such as 6J6 or 7F7 are shown in which two am 
plifiers are placed in a single envelope, but it will 
be evident that this may not in all cases be 
necessary or desirable. It Will further be evident 
that While I have shown triodes, other tube con 
Structions, Such as pentodes may be employed. 

For convenience the cathode heater and heater 
circuits which will be used have been omitted 
from the drawing. 

Energy actuation of the units is accomplished 
by a direct current source having its positive side 
above ground connected at 49 and its negative 
Side at ground connected at 50. The lead 49 
provides positive voltage connection to all units 
Of the ring and is connected to all anodes 4 
through Suitable Substantially equal anode load 
resistOrS S, one in each unit of the ring. With 
Out attempting to limit to a particular value, it 
may be Stated that good results have been ob 
tained using an applied voltage of approximately 
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350 volts and a resistance of approximately 0.24 
negohin in the anode load resistors, 
The cathodes 43 aire connected together at 

52 and connected to ground through the cathode 
bias resistor 33, which in the preferred embodi 
ment cit my invention may have a resistance of 
approxirately 500 ohms. 

In each unit, the device having sharp cut-off, 
in this case a gas tube, is connected at 54 to the 
anode of the amplifier of that unit, thus apply 
iing tie highes' voltage to the terminal of the gaS 
tube to which this connection 54 is made. It 
Wii he noted that elsewhere this terminal Will 
he referred to as the higher voltage terminal 
of the gas tube or other device having sharp cut 
off. 
The lowes voltage terminal of each device 

having sharp cut-off (gas tube) is connected at 
55 to ground through one of the preferably Sub 
stantially equal resistors 36, which in the pre 
ferred embodiment desirably has a resistance of 
approximately 0.24 negohm. The lower voltage 
terminal of each device having Sharp cut-off 
(gas tube) is also connected through One of the 
preferably substantially equal resistors 5 to the 
control grid of the amplifier of each other unit, 
in the ring, but not to the amplifier of the unit 
containing the particular gas tube. In the nun 
ber “O’ unit these individual resistors are desig 
nated 5’, 522, 53, to 59, inclusive, and it will be 
understood that in each other unit there will be 
an individual resistor between the lower Voltage 
terminal of the gas tube or other device having 
sharp cut-off and the control grid of each an 
plifier other than the amplifier in that unit. 
For best, results the resistors 5 should be Sub 

stantially equal and should have in the preferred 
embodiment a resistance of approximately 4.7 
finegohms. 
Between the lower voltage terminal of each 

device having sharp cut-off and the control grid 
of the next amplifier in the sequence of count 
ing, I also interpose in series connection a resis 
tor 58, preferably having a resistance of approxi 
mately 2.2 megohms, and a capacitor 69, pref 
erably having a capacity of approximately 100 
micro-microfarads. 
The impulse to be counted, Which may of 

course be transmitted from a preceding count 
ing ring or from a suitable impulse circuit, Will 
be received at the terminal 6) and transmitted 
through individual resistors 6A, Suitably each 
having in the preferred embodiment resistances 
of about 4.7 megohms, to the individual control 
grids of the amplifiers of each unit in the ring, 
The input terminal 69 is also connected to ground 
through a resistor 62 preferably having a value 
of approximately .51 megohm. 

it will be understood that with reasonable 
matching, the values of the impedances nei 
tioned can be varied widely, and that the par 
ticular values given are stated for convenience 
of those who may construct the device and be 
cause the values given fit in with standard 
resistance sizes which are available on the 
market. 

It Will be understood that impulses of Widely 
variant character may be counted, provided they 
are passed through a suitable input circuit which 
will convert them to nearly uniform impulses to 
be applied at the terminal 69. It will also be un 
derstood that as well known in the art, means 
may be used to amplify and shape the pulses to 
the most advantageous form for counting in the 
ring. It Will also be evident that the Original in 
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6 
pulses may be used to trigger impulses of the 
preferred character for counting. All impulses 
received by the counting ring will be positive and 
preferably of about 0.1 millisecond duration, and 
preferably of the order of 100 volts in amplitude. 
The decade will function to count such impulses 
with a high degree of accuracy, and at Speeds as 
high as about 1000 per second with the particular 
impedance Values given, 
The amplifiers and gas tubes operatively in 

terconnected as shown in Figure 1. With the im 
pedances illustrated, form a System such that in 
a stable state at least one gas tube or other device 
having sharp cut-off will be conducting (strik 
ing or lighted in the case of the gas tube), where 
as no more than one can be conducting at a given 
time. 

If none of the devices having Sharp cut-offs 
Were conducting, all of the control grids would 
be at approximately Zero or ground potential, all 
of the anodes would be regulated by the cathode 
bias resistor 53 to a voltage of approximately 
160 volts in the example given, and all of the de 
vices having sharp cut-off (gas tubes) would 
tend to become conducting (strike). When the 
device is first turned on, and before any impulse 
to be counted arrives, the conducting tube may 
be any one of the ten. The counting ring may 
then be set to Zero by Suitable means such as 
those described below (closing contacts 82 by re 
lay 8 in Figure 2). As soon as one of these de 
Vices becomes conducting (strikes) the current 
flowing through it develops a positive voltage at 
its lower Voltage terminal 55 and applies this 
Voltage through one of the resistors 5 to the con 
trol grid of each amplifier in the other units, but 
not to the amplifier in its own unit. This positive 
Voltage applied to the control grids of the other 
amplifiers causes all of such amplifiers to draw 
more current and lowers the voltage applied 
across each of the other devices having sharp cut 
Off (gas tubes) to a value below the voltage which 
Will maintain conduction, thus preventing the 
gas tubes from striking where gas tubes are used. 
At the Same time it will be evident that the po 
tential of the control grid of the amplifier in the 
unit having the conducting gas tube or other 
device having sharp cut-off will be very slightly 
influenced, since there is no resistor connecting 
this gas tube to the control grid of its own am 
plifier. At equilibrium, therefore, a condition 
Will be reached in which only one gas tube or 
Similar device will be conducting. 
Using the example shown, and assuming that 

the gas tube in unit number “0” has struck, typi 
cal values for the voltages of the elements under 
the preferred conditions would be as follows: 
For the anode of amplifier number “O’ about 

--i20 volts; 
For the lower voltage terminal of the gas tube 

of unit number '0' approximately --60 volts; 
For the control grid of amplifier number “0,' 

approximately --2 volts; 
For all other control grids, 

--6.05 volts; 
For all cathodes, approximately --6 volts. 
It Will be understood that these and other 

Values given are not intended to limit to the par 
ticular values, but merely to serve as examples. 
Since the system is perfectly symmetrical, it 

Will be understood that it will have ten stable 
States, or One corresponding to each unit in the 
ring, if the number of units is other than ten. In 
each One of these stable states one of the devices 
having Sharp cut-off Will be conducting (that is, 

approximately 
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where gas lamps are used, one of the lamps will 
be lit). 
Assuming that unit number '0' is operating 

and gas tube number '0' is lit, and that the inter 
val since the last count has been sufficient to per 
mit all capacitors substantially to reach equilibri 
um, and that a new input impulse is applied to 
input terminal 60, it will be evident that this im 
pulse will be transmitted through resistors 6 to 
the control grids of all of the amplifiers in the 
ring, tending to drive all control grids in a posi 
tive direction and tending to drive all anodes in 
a negative direction. The anode of the amplifier 
(triode) number '0' is driven to a much lower 
voltage (possibly of the order of 35 volts), and the 
gas tube or other similar device in unit number 
“0' ceases to conduct, while the lower voltage 
side of this gas tube or other device drops very 
sharply in voltage (from approximately 60 volts 
to about 2 volts). 
voltage applied through the resistors 57 from the 
lead 55 at the lower voltage terminal of the gaS 
tube or similar device in unit number '0' will in 
fluence the control grids of the amplifiers of all 
other units of the ring, partially offsetting the 
positive change from the input impulse which is 
being counted. At the same time the lower volt 
age terminal of the gas tube or similar device 
of unit number '0' is also connected through a 
resistor 58 and capacitor 59 in series to the con 
trol grid of the amplifier in unit number '1' and 
the sharp negative change at lead 55, transmit 
ted in this way to this control grid, more than 
offsets the positive change due to the input im 
pulse, so that the net effect upon the control grid 
of the amplifier of unit number '1' is negative, 
its anode rises to a high voltage (possibly of the 
Order of 150 volts) and causes conduction of the 
device having sharp cut-off (gas tube) in unit 
number '1'.' 

It Will thus be Seen that the input impulse is 
amplified and inverted by the amplifier of unit 
number '0' in the Way characteristic of vacuum 
tube amplifiers and that this amplified impulse 
is transmitted through the gas tube of unit num 
ber '0' and through the resistor 58 and capacitor 
59 in series to the control grid of the amplifier in 
unit number '.' 

For best results the time constant of the resis 
tor 58 and capacitor 59 is long as compared with 
the duration of the input impulse, although oper 
ation is possible With a time constant equal to or 
slightly shorter than the duration of this impulse. 
Because of this time constant relation, the volt 
age transmitted in this Way is effective until after 
the termination of the input impulse. The cur 
rent flowing through the lamp or similar device 
in unit number '1' is then effective as previously 
described to hold the Voltage of all other gas 
tubes below the Striking voltage, causing the gas 
tube in unit number '0' to extinguish, and all 
other gas tubes in the remaining units to remain 
extinguished. 

It is required for operation of the device that 
the interval between impulses be sufficient so 
that all condensers can Substantially reach equi 
librium condition before the arrival of the next 
impulse. The Successive impulses then function 
in the Same way to transfer the condition of con 
duction or striking from one gas tube or similar 
device to the next in the Order of the count as 
predetermined by the connection between the 
lower voltage terminal of each gas tube and the 
control grid of the next amplifier through the 
resistance and capacitor in series. When the 

The removal of this positive 2 
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sequence of operations has caused conduction of 
gas tube 34 in unit number "9,' the next succeed 
ing impulse to be counted will actuate unit num 
ber '0' in exactly the same manner as the coult 
is transferred from any one of the previous units 
to the next unit of the ring. 

It will be evident that at any position, the 
count in the particular decade will be indicated 
by the lighting of a particular gas tube, and that, 
where desired, if some other device having sharp 
cut-off be used instead of a gas tube, the particu 
lar decade may be provided with other indicating 
means, or with a gas tube used purely as an indi 
cator, or where indication is not required, this 
function may be dispensed with. 

I have indicated by a fragment of Figure i 
shown in Figure 1, the number '0' unit which 
would be employed in case a diode rectifier 25 
were employed as a device having sharp cut-off, 
instead of the gas tube 25 as in Figure 1. In this 
case it would be desirable to employ additional 
resistors as shown, resistor 63 being interposed 
between the positive high voltage Source and 
the cathode of the diode, and resistor 64 being 
connected between the cathode of the diode and 
the control grid of each other amplifier, through 
the resistors 5 before referred to, and also to the 
control grid of the next amplifier in the sequence 
through the resistor 58 and capacitor 59. The 
anode of the diode is connected directly to the 
anode of the triode as shown. All of the other 
units of the decade will be modified in the same 
Way. 

It will be understood of course that in case a 
diode rectifier were employed as shown, the conn 
stants of the circuit would be suitably adjusted 
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and particularly the Value of the cathode bias 
resistor 53 would be suitably increased, preferably 
to a value of the order of 4000 ohms. 

It will be understood that in case some other 
type of device having sharp cut-off be used, as for 
example a copper oxide or selenium rectifier or 
a crystal detector, the circuit of Figure 1a might 
be employed with suitable modification in the 
circuit constants. 

It Will be understood that the decade of Fig 
lure 1, Or any Suitable counting ring embodying 
the circuit of Figure 1, can be employed as a unit 
With Similar counting rings, or with counting 
rings of any other suitable design, as for example 
those shown in the prior art. For the sake of 
unifornity in operation, however, it is preferred 
to employ successive decades or other counting 
rings each embodying the circuit design as shown 
in Figure 1, operatively connected to any suitable 
external circuit for actuation or influencing of 
external operations, when a particular count is 
reached. I have, however, developed a novel and 
preferred external circuit arrangement which is 
believed to give best results when used with 
counting rings of the type illustrated herein, 
namely those having a single indicator for each 
step of advance. 

In many cases it is desirable to arrange a count 
ing ring or series of counting rings so that an ex 
ternal circuit or other mechanism will operate 
when the number of impulses received equals a 
preSelected total. Normally where decades are 
used, one corresponding to units, one to tens, one 
to hundreds, one to thousands, etc., a preselected 
unit in each decade of the system would be in 
Operation when the preselected number is 
reached, and at that time it would be desirable 
to operate the external circuit or the like. 
This result can be accomplished as shown in 
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Figure 2 by providing individual selector switches, 
one for each decade. Thus in this figure a se 
lector Switch unit 65 is provided for the units 
decade, a switch unit 66 for the tens decade, and 
a switch unit 67 for the hundreds decade and a 
Switch unit 63 for the thousands decade. Each 
switch is provided with contacts 69, one of which 
is connected to the anode 4 of each of the ampli 
fiers of the particular decade. By movement of 
the Switch arm 10, it is then possible to Select 
the particular unit of the decade which will op 
erate the remote circuit in cooperation with other 
preselected units in the other decades. All of the 
preSelector Switches are connected together at 1 
through resistors 2 and diodes 3, the cathodes 
of the diodes being connected to the resistors. 
The anodes of the diodes 73, connected together 
at 7f, are connected with the control grid 74 of 
a vacuum tube amplifier T5 having a cathode 76 
and an anode 77. The cathode 76 is grounded 
through a cathode bias resistor 78 and a cathode 
bias is further maintained by the resistor 79 
which connects the cathode to the positive high 
voltage direct current supply (suitably at about 
350 voltS). 
The resistors 8 and 9 maintain such a cath 

Ode bias of the amplifier 75 that it is approxi 
Inately half way between the voltage of an anode 
Cf an amplifier in the counting ring when the 
a SSociated gas tube of that unit is striking, and 
a. Similar amplifier. When the associated gas tube 
is not conducting. A resistol 8) is connected 
between the control grid I and the cathode 76. 
The value of the resistor 80 in relation to the 

resistors 2 which are in Series between the selec 
tOr SWitches and the diodes T3 Will be so selected 
as to maintain the control grid 74 at a voltage 
that will cut off all current through the amplifier 
75 when any one of the selector switches 65 to 
68 is connected to a unit of a decade in which 
the gas tube or other similar device is not con 
ducting. A Suitable set of values for illustrative 
purposes night be as follows: 

Triode 75, type 6F5; 
Diode 3, one diode unit of type 6AL5; 
Resistor 2, 2.2 megohms; 
Resistor 80, 2. megohms; 
Resistor 78,25000 ohms; 
Resistor 79,72000 ohms. 

In circuit with the anode 78 I provide a relay 
8t, which for convenience in illustration has 
been shown as a magnetic relay, but may of 
course be an electronic relay, or impulse genera 
tor, or other type as desired. 

It Will be evident that when and only when 
all preselector Switches are in contact with units 
of decades which contain gas tubes or similar 
devices which are conducting, the amplifier 75 
will be in a conducting state, passing current 
through the magnet coil of relay 8, and closing 
contacts 82 and 83. Contacts 82 close the circuit 
to apply a necessary voltage between terminal 84 
Suitably at ninus 100 volts, and the control grid 
48 of the amplifier in unit number '0' of each 
counting ring. Connection with the control grid 
48 of the amplifier of unit, number “O'” of each 
of these rings is provided through a resistor 85, 
a common connection 88 and one of the prefer 
ably substantially equal resistors S to terminals 
88 connected to control grids 46 in units number 
'0' of each counting ring by connections not 
shown. Intermediate between the resistor 85 and 
the individual resistors 87, connection to ground 
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is provided through capacitor 89, and a separate 
connection to ground is provided through resistor 
90. The capacitor 89 and resistor 90 are intended 
to eliminate undesired impulses from vibration of 
the contacts of the relay. It will be evident that 
a.S. Soon as the terminals 32 are closed, a negative 
Voltage Will be applied to the control grid of the 
amplifier in unit number '0' of each counting 
ring, driving it in a negative direction, driving 
the anode of that amplifier in a positive direction 
and causing gas tube number '0' to strike. When 
gas tube number '0' strikes it functions as previ 
ously described to extinguish any other gas tubes 
Which may be lit and prevent any other lamps 

Thus the counter is reset to zero, 
Since the '0' lanp 25 is lighted. 

in order to assure of adequate tirine for reset 
ting, the relay 8: will desirably be of a slow 
release type, so that the contacts 82 will be main 
tained closed for a perceptible time. Interaction 
betWeen the grids of amplifiers of unit number 
'0' of the various decades is prevented by making 
the values of resistors 8 high compared with the 
Value of resistor 93. The capacitor 89 also aids 
in preventing Such interaction. 

It Will be evident that the operation of an 
external device or closing of an external circuit 
as required, may be accomplished by closing the 
contacts 83 in the relay at the same time that 
the contacts 82 are operated. Thus when the 
preselected count is reached, recording mecha 
nism may be actuated, alarin or indicating devices 
may be put in operation, or operations may be 
performed in connection with automatic machin 
eity or otherwise. 

It Will be understood that where desired the 
automatic reset feature may be eliminated or the 
contacts 82 or a parallel set of contacts such as 
a push button may be closed by hand where this 
is advantageous. 

It Will be further understood that the diode 3 
is not essential to operation of the circuit, and 
that with Suitable adjustment of impedance Wal 
ules it could be eliminated and the Switch arm ) 
could be connected to the lead with only resis 
tor 2 in Series, but that the inclusion of diode 
3 allows a greater variation in impedance values, 
and permits changing the number of decades at 
will without altering the impedances. 

It may be desirable in Some cases to employ 
Several preselection circuits as shown in Figure 
2 on a single counter. 
When any decade has coinpleted its cycle, and 

normally at the time that unit number "9" is 
passing out of operation and unit number '0' 
is being actuated, the sharp up-SWing in voltage 
of the anode of the amplifier in unit number '0' 
may be used to generate an impulse to advance 
the following decade by one step. A typical man 
ner in which this may be accomplished is shown 
in Figure 3. The sharp up-Swing in voltage of 
the anode 42 of the amplifier of unit number '0' 
when the counting transfer is from '9' to “0” is 
transmitted through condenser 9 across resistor 
92 and to the anode of vacuum tube diode 93. 
It is further transmitted through the diode 93 to 
the input terminal 8 of the following decade. 

It will be evident that the duration of this 
impulse will depend oin the values of the resistor 
and condenser in Figure 3. For illustrative pur 
pose Suitable values inay be as follows: 

Condenser 8,300 micro-microfarads; 
Resistor 82, 2.2 megohms; . . . 
idiode 93, one diode section of type 6AL5. 



2,595,519 
11 

It will be further evident that when the count 
passes from “0” to '1' a negative impulse Will 
pass from the anode of the amplifier of unit 
number “O’ through capacitor 9 across resistor 
92 and to the anode of diode 93 but this impulse 
is blocked from reaching the following decade by 
the diode 93. 

Figure 4 illustrates a modified construction of 
a counting ring which may be used where glow 
discharge lamps of fairly uniform characteristics 
are available. The individual units of the count 
ing ring include amplifiers 94 to iO3, inclusive, 
one in each unit, and desirably forming parts of 
twin triodes, as well as gas tubes 04 to 3, in 
clusive. The amplifiers have anodes 4, cath 
odes 5 and control grids 6. For the purpose 
of simplification, heaters and heater circuits 
which are used have been eliminated from the 
drawing. The amplifiers may desirably be twin 
triodes of type 7F7. The individual anodes are 
connected to the positive high voltage direct cur 
rent source at T through desirably Substantially 
equal anode load resistors 8. The cathodes 
are connected individually to the higher Voltage 
side of the glow discharge tubes 04 to 3, at 

9, the lower voltage sides of such tubes at 20 
being connected together and through a common 
cathode bias resistor 2 to ground. The cath 
Odes are also individually connected through de 
sirably substantially equal resistorS 22 to a Com 
mon connection 22 desirably maintained at a 
positive voltage intermediate between the posi 
tive high voltage source at 7 and the ground 
potential. The control grids are connected to 
this same source through individual desirably 
Substantially equal resistors 23. Each control 
grid is connected to the anode of the previous 
amplifier through one of the desirably Substan 
tially equal condensers 24. 
Input of impulse to be counted in accomplished 

through the terminal 25 and the capacitor 26. 
By way of example, suitable values of the in 

pedences and the voltages are as follows: 
Positive high voltage, approximately 200 volts; 
Intermediate positive voltage, approximately 75 

volts; 
Resistor 8, 100,000 ohms; 
Resistor 2, 15,000 ohms; 
Resistor 23, 150,000 ohms; 
Capacitor 24, 5,000 micro-microfarads; 
Capacitor 26, 1 microfarad. 

If no gas tubes are lit, all anodes will be at 
approximately 198 volts, all cathodes of the tri 
odes at about 80 volts, and the lead 27 common 
to the low voltage terminals of the gas tubes will 
be at approximately Zero volts. If any gas tube 
strikes, assuming that it burns at approximately 
60 volts, it will raise the potential of lead f2. 
to an intermediate voltage, possibly of the Order 
of 16 volts, and will lower the voltage across the 
other gas tubes by approximately 16 Volts. If 
all gas tubes in the counting ring have burning 
voltages of less than the Order of 60 volts and 
the lowest Striking voltage of any gas tube in 
the decade is of the Order of Say 5 volts above 
the highest burning voltage of any other gas tube 
in the counting ring, it will then be possible for 
any gaS tube, Once it has lighted, to continue to 
burn and prevent all other gas tubes from striking 
until a new impulse is received. When any gas 
tube is lighted, the current flowing through that 
gas tube acts with its associated amplifier and 
its anode load resistor to lower the anode volt 
age of that amplifier. Accordingly, when a gas 

O 

20 

25 

40 

50 

55 

SO 

65 

O 

5 

2 
tube strikes, a negative impulse is transmitted 
through the capacitor 24 of that unit to the 
control grid of the following amplifier. This 
negative impulse has little effect because the next 
amplifier is already nearly at cut-off. AS SOOn, 
however, as the capacitor 24 has aSSumed the 
new charge, the circuit is ready to respond to a 
new input impulse. When the input impulse ar 
rives at the terminal 25 it drives lead 27 posi 
tive and extinguishes the gear tube Which WaS 
previously lighted. This causes a large positive 
impulse to be transmitted to the control grid of 
the next amplifier, driving its cathode fair enough 
positive to strike the gas tube in its unit. The 
input impulse duration is preferably short con 
pared with the time constant of the capacitor 24 
and the resistors 8 and 23 for the particular 
unit connected as shown, and therefore the gas 
tube remains lit when the input impulse subsides, 
and prevents the previous gaS tube in the cycle 
from relighting. If desired, however, the input 
impulse duration may be slightly longer than 
the Said time constant. 

It will be evident that the reset, coincidence 
and presetting circuits, and the means for passing 
On the impulse to the next decade, may be con 
Veniently modified to employ this decade instead 
of the decade of Figure 1, where it is desired 
to Substitute the counting ring of Figure 4. 
In view of my invention and disclosure varia 

tions and modifications to meet individual whim 
or particular need will doubtless become evident 
to others skilled in the art, to obtain all or part 
of the benefits of my invention without copying 
the process and apparatus shown, and I, there 
fore, claim all Such insofar as they fall within 
the reasonable spirit and scope of my claims. 

Having thus described my invention, what I 
claim as new and desire to Secure by Letters Pat 
ent is: 

1. In an electronic counter, a counting ring 
having in each unit a device with a sharp voltage 
cut off at which current ceases to flow and an 
amplifier, means including each of the devices 
With a sharp voltage cut-off at which current 
ceaseS to flow when it is conducting for feeding 
a Voltage from the amplifiers of each one of the 
units to each other unit for rendering the sharp 
Cut off devices in the other units non-conducting 
and means including unit transfer impedance for 
transferring an impulse from the amplifier of one 
unit to the amplifier of the next unit. 

2. In an electronic counter, a counting ring 
having in each unit an amplifier provided with 
an anode, a cathode and a control grid and a 
device having a sharp voltage cut off at which 
Current ceases to flow, means for maintaining the 
cathodes of all of the amplifiers at the same po 
tential, means including each of the devices with 
a sharp voltage cut off at which current ceases 
to flow when it is conducting for feeding a volt 
age from the amplifiers of each of the units to 
each other unit for rendering the Sharp Voltage 
cut off devices in the other units non-conduct 
ing, and means including unit transfer imped 
ance for transferring an impulse from the am 
plifier of one unit to the amplifier of the next 
unit. 

3. In an electronic counting ring, having a plu 
rality of unitS Operatively interconnected, an ann 
plifier provided with an anode, a cathode and a 
control grid in each unit, a device having a sharp 
Voltage point at which current ceases to flow in 
each unit interposed in the circuit between the 
output of each amplifier and the control grid of 



2,595,519 
13 

every other amplifier except that anlplifier, means 
including each of the devices having a sharp volt 
age point at Which current ceases to flow when 
it is conducting for feeding a Voltage from the 
amplifiers of each one of the units to each other 
unit for rendering the devices having a sharp 
Woltage point, at which current ceases to flow in 
the other units non-conducting and means in 
cluding unit transfer impedance for transferring 
an impulse from the amplifier of one unit to the 
amplifier of the next unit. 

4. In an electronic counting ring, having a 
plurality of units operatively interconnected, an 
amplifier provided With an anode, a cathode and 
a control grid in each unit, a cathode grounding 
resistor through which the cathodes of all ann 
plifiers are connected to ground, a device having 
a sharp cut of Voltage at Which current CeaSeS 
to flow in each unit interposed in the circuit be 
tween the anode of each amplifier and the con 
trol grid of every other amplifier except that aim 
plifier, means including each of the devices hav 
ing a Sharp cut-off voltage When it is conducting 
for feeding a voltage from the amplifiers of each 
one of the units to each other unit for render 
iing the devices having a sharp cut-off voltage in 
the other units non-conducting and means in 
cluding unit transfer impedance for transferring 
an impulse from the anpifier of one unit to the 
amplifier of the next unit. 

5. In an electronic counting ring, a plurality 
of units operatively interconnected having an ann 
plifier provided with an anode, a cathode and a 
control grid in each unit, a Cathode grounding 
resistor through which the cathodes of all an- ; 
plifiers are connected to ground, a Series of grid 
resistors for each unit, a device having a sharp 
cut off voltage at which current ceases to flow for 
each unit interposed in the circuit between the 
anode of each amplifier and the control grid of 
every other amplifier except that amplifier, one 
of the grid resistors being located between the 
device having sharp cut off and the control grid 
of each other amplifier, a sharp cut off device 
grounding resistor interposed between each de 
wice having sharp cut off on the side towards the 
control grids and ground, and means including 
unit transfer impedance for transferring an in 
pulse from the amplifier of one unit to the am 
plifier of the next unit. 

6. In an electronic counting ring for collinting 
impulses from a source a plurality of units oper 
atively interconnected having an amplifier pro 
vided with an anode, a cathode and a control grid 
in each unit, a cathode grounding resistor 
through which cathodes of all annplifiers are con 
nected to ground, a series of grid resistors for each 
unit, a device having a sharp cut off voltage at 
which current ceases to flow in each unit inter 
posed in the circuit between the anode of each 
amplifier and the control grid of every other 
amplifier except that amplifier, there being One 
of the grid resistors located between the device 
having sharp cut off and the control grid of each 
other amplifier, a sharp cut off device grounding 
resistor interposed between each device having 
sharp cut off on the side toward the control grids 
and ground, an impulse resistor interposed be 
tween the source of the impulse to be counted and 
each control grid and a unit transfer resistor and 
capacitor interposed in series between each sharp 
cut off device on the side toward the control grids 
and the control grid of the next unit, 

7. In an electronic counting ring for counting 
impulses from a source, a plurality of unitS Oper 
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14 
atively interconnected having an amplifier pro 
Wided with an anode, cathode and a COIntrol grid 
in each unit, a, cathode grounding resistor 
through which the Cathodes of all amplifiers are 
connected to ground, a Series of grid resistorS for 
each unit, a device having a sharp cut off volt 
age at which current ceases to flow in each unit 
interposed in the circuit between the anode of 
each amplifier and the control grid of every 
other annplifier except that amplifier, there being 
one of the grid resistors located between the de 
Vice having sharp cut off and the control grid of 
each other alplifier, a sharp cut off device 
grounding resistor interposed between each de 
Vice naving sharp cut off On the Side to Ward the 
contiol grids and ground, an impulse resistor in 
terposed between the source of the impulse to be 
counted and each conti'ol grid and a unit trans 
fer resistor and capacitor interposed in series be 
tween each sharp cut off device on the Side to 
Ward the control grids and the control grid of the 
next unit, the unit transfer resistor and capacitor 
in series having a time constant substantially 
greater than the duration of the impulse to be 
Counted. 

8. In an electronic counting ring, a plurality 
of units operatively interconnected having an am 
plifier provided with an anode, a cathode and a 
control grid in each unit, a gas tube in each unit 
interposed in the circuit between the output of 
each amplifier and the control grid of every 
other amplifier except that amplifier, Ileans in 
ciuding each of the gas tubes when it, is conduct 
ing for feeding of voltage from the amplifiers 
of each one of the units to each other unit for 
rendering the gas tubes in the other units non 
conducting and means including unit transfer in)- 
pedance for transferring an impulse fron the an 
plifier of one unit to the amplifier of the next 
unit. 

9. In an electronic counting ring, a plurality of 
units operatively interconnected having an an 
plifier provided with an anode, a cathode and a 
control grid in each unit, a cathode grounding 
'esistor through which the cathodes of all am 
plifiers are connected to ground, a gas tube in 
each unit interposed in the circuit between the 
anode of each amplifier and the control grid of 
every other amplifier except that amplifier, 
means including each of the gas tubes when it 
is conducting for feeding of voltage from the ann 
plifiers of each one of the units to each other 
unit for rendering the gas tubes in the other units 
non-conducting and means including unit trans 
felt impedance for transferring an inpulse fron 
the amplifier of one unit to the amplifier of the 
next unit. 

10. In an electronic counting ring, a plurality 
of unitS operatively interconnected having an 
amplifier provided with an anode, a cathode and 
a Control grid in each unit, a cathode girounding 
resistor through which the cathodes of all am 
plifierS are connected to ground, a series of grid 
resistors for each unit, a gas tube in each uni, 
interposed in the circuit between the anode of 
each amplifier and the control grid of every other 
amplifier except that amplifier, there being one 
of the grid resistors located between the gas tube 
and the control grid of every other anplifier, a 
gas tube grounding resistor interposed between 
each gas tube on the Side toward the control grids 
and ground, and means including unit, transfer 
impedance for transferring an impulse from the 
amplifier of one unit to the amplifier of the next 
unit. 
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11. In an electronic counting ring fol' counting 
impulses from a Soulce, a plurality of unitS Op 
eratively interconnected having an amplifier pro 
vided with an anode, a cathode and a control grid 
in each unit, a cathode grounding resistor through 
which cathodes of all amplifiers are connected 
to ground, a Series of grid resistors for each unit, 
a gas tube for each unit interposed in the circuit 
between the anode of each amplifier" and the con 
trol grid of every other amplifier except that am 
plifier, there being one of the grid resistors lo 
cated between the gas tube and the control grid 
of each other amplifier, a gas tube grounding re 
sistor interposed between each gas tube on the 
Side toward the control grid and ground, an in 
pulse resistor interposed between the Source of 
the impulse to be grounded and each control grid 
and a unit transfer resistance and capacitor in 
terposed in series between each gas tube on the 
side toward the control grids and the control grid 
of the next unit. 

12. In an electronic counting jing, a plurality 
of units operatively interconnected having an am 
plifier limited to a single anode, cathode and con 
trol grid in each individual unit, a gas tube in 
each unit interposed in the circuit between the 
output of each amplifier and the control grid of 
every other amplifier, means including each of 
the gas tubeS when it is conducting for feeding of 
voltage from the amplifiers of each one of the 
units to each other unit for rendering the gas 
tubes in the other units non-conducting and 
means including unit transfer impedance for 
transferring an impulse from the amplifier of one 
unit to the amplifier of the next unit. 

13. In an electronic counting ring, a plurality 
of units operatively interconnected having ail 
amplifier limited to a single anode, cathode and 
control grid in each unit, a cathode grounding re 
Sistor through which the cathodes of all amplifiers 
are connected to ground, a gas tube in each unit 
interposed in the circuit between the anode of 
each amplifier and the control grid of every other 
ailplifier, means including each of the gas tubes 
when it is conducting for feeding of voltage from 
the amplifiers of each one of the units to each 
other unit for rendering the gas tubes in the other 
units non-conducting and means including unit 
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transfer impedance for transferring an impulse 
from the amplifier of one unit to the amplifier of 
the next unit. 

14. In an electronic counting ring for counting 
impulses from a Source, a plurality of unitS Oper 
atively interconnected having an amplifier lim 
ited to a single anode, cathode and control grid 
in each unit, a cathode grounding resistor 
through which the cathodes of all amplifiers are 
connected to ground, a series of grid resistol's for 
each unit, a gas tube in each unit interposed in 
the circuit between the anode of each amplifier 
and the control grid of every other amplifier, 
there being one of the resistors located between 
the gas tube and the control grid of every other 
amplifier, a sharp cut off device grounding re 
sistor interposed between each gas tube on the 
side toward the control grids and grouild, an in 
pulse resistor interposed between the source of 
the impulse to be counted and each control grid 
and a unit transfer resistor and capacitor inter 
posed in series between each gas tube on the Side 
toward the control grids and the control grid of 
the next unit. 

WILLIAMANTHONY GEOHEGAN. 
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