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1

My invention relates to processes and appa-
ratus for electronic counting. :

The subject matier relating to the presettable
predetermined count register, originally con-
tained in this application, forms the subject mats-
ter of my divisional application, Serial No.
783,176, filed December 2, 1947, now abandoned,
ior register and process.

A purpose of my invention is to simplify, re-
duce the size, reduce the cost, reduce the number
of electronic 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
or argon lamps, to function actively in an elec-
tronic counting ring, such as a decade, and not
merely as indicators.

A further purpose, in an electrohic counter
having a counting ring, is to employ a device hav-
ing a sharp volfage 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
time, 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
8 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 transmitted from the gas tube which
has struck through preferably substantially equal
resistors 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 tc 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.

4 further purpose in electronic counting, using
a counting ring having an amplifier with a con-
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
prineiples involved.

Figure 1 is a diagrammadtic illustration of the
circuit of a counting ring, in the particular case
a decade, in accordance with the invention.

Figure 12 is a fragmentary circuit diagram
showing a variation in Figure 1.

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 osciilator 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 filled glow discharge lamps (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 com-
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 simpler
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 or
other gas lamps 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 decimal 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 “0”
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 1it 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
cyeles, and its number “0” lamp will be struck,
while the tens decade will have received one im-
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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in several cases, to aid the user, I have given
examples of tube types and impedance dimen-
sions. It will be understood that these are stated
in illustration but not in limitation, and that
changes and readjustments in tube types and im-
pedance dimensions may readily ke made by
those skilled in the art without departing from
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. Iach
unit consists of its electronic elements and asso-
ciated impedances, 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 effects
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 he
provided for resetting the counting ring or in-
terconnected group of couniing rings to zero at
any desired time, and that, as later explained,
external effects may he set in motion 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-
ment 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 associated 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 48§, anode 471 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 47
through suitable substantially equal anode load
resistors §{, 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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389 volts and a resistance of approximately 0.24
megohm in the anode load resistors.

The cathodes 43 are connected together at
82 and connected to ground through the cathode
bias resistor 53, which in the preferred embodi-
ment cf my invention may have a résisiance of
approximately 500 chms.

In each unit, the device having sharp cut-off,
in this case a gas tube, is connected at 58 to the
anode of the amplifier of that unit, thus apply-
ing tie higher voltage to the terminal of the gas
tube to which this connection 54 is made. Tt
will he noted that. elsewhere this terminal will
e referred to as the higher voltage terminal
of the gas tube or other device having sharp cus-
oif.

The lower voltage terminal of each device
having sharp cut-off (gas tube) is connected at

&5 to ground through one of the preferably sub-

stantially equal resistors 8, which in the pre- :

ferred embodiment desirably has g resistance of
approximately 0.24 megohm. 'The lower voltage
terminal of each device having sharp cut-off
(gas tube) is also connected through one of the

preferably substantially equal resistors 57 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 num-
ber “0” unit these individual resistors are desig-
nated 87/, 572, 573, to 519, inclusive, and it will be
understeod that in each other unit there will be
an individual resistor between the lower voltage
terminal of the gas tube or other device having
charp cut-off and the control grid of each am-
plifier cther than the amplifier in that unit.

Tor best results the resistors 57 should be sub-
stantially equal and should have in the preferred
embodiment a resistance of approximately 4.7
megohms.

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 §8, preferably having a resistance of approxi-
mately 2.2 megchms, and a capacitor 59, pref-
erably having a capacity of approximately 100
micro-microfarads.

The impulse to be counted, which may of
course ke transmitted from a preceding count-
ing ring or from a suitable impulse eircuit, will
he received at the terminal 69 and transmitted
through individual resistors 6{, 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 68 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 men-
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 cireuit which
will convert them-to nearly uniform impulses to
be applied af the terminal 63. 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 im-
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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 110 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 eathode
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 ig-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 8f 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 57 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 ail 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.

55 At the same time i 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, sinee 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 cne gas tube or
similar device will be conducting.

Using the example shown, and assuming that

o5 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 “g” about
4120 volts;

For the lower voltage terminal of the gas tube
of unit number “9” approximately 60 volts;

For the control grid of amplifier number “0,”
approximately -2 volts;

For all other control grids, approximately
+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

75 having sharp cut-off will be conducting (that is,
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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 61 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). The removal of this positive
voltage applied through the resistors 571 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 “1.”

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 “6” 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 samz 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

(<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 count
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 1
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 87 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 con-

~ stants of the circuit would be suitably adjusted
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and particularly the value of the cathode bhias
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 1* might
be employed with suitable modification in the
circuit constants.

It will be understood that the decade of Fig-
ure 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
uniformity in operation, however, it is preferred
to employ successive decades or other counting
rings each embodying the circuit design as shown
in PFigure 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 68 for the thousands decade. Each
switch is provided with contacts €9, one of which
is connected to the anode 47 of each of the ampli-
fiers of the particular decade. By movement of
the switch arm 79, 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 1i
through resistors 12 and diodes 73, the cathodes
of the diodes being connected to the resistors.
The anodes of the diodes 13, connected together
at T1, are connecfed with the control grid 14 of
a vacuum tube amplifier 75 having a cathode 716
and an anode T1. The cathode 16 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 78 and 79 maintain such a cath-
ode bias of the amplifier 15 that it is approxi-
mately half way between the voltage of an anode
cf an amplifier in the counting ring when the
associated gas tube of that unit is striking, and
& similar amplifier when the associated gas tube
is not conducting. A resistor 89 is connected
between the control grid 74 and the cathode T6.

The value of the resistor 80 in relation to the
resistors 72 which are in series between the selec-
tor switches and the diodes 73 will be so selected
as to maintain the control grid T4 at a voltage
that will cut off all current through the amplifier
75 when any one of the selector switches 65 to
63 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 might be as follows:

Triode 13, type 6F5;

Diode 73, one diode unit of type 6AL5;
Resistor 72, 2.2 megohms;

Resistor 80, 2. megohms;

Resistor 18, 25000 ohms;

Resistor 79, 72000 ohms.

In circuit with the anode 18 I provide a relay
81, 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 cf relay 81, and closing
contacts 82 and 83. Contacts 82 close the circuit
to apply a necessary veltage between terminal 84
suitably at minus 190 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 “0” of each
of these rings is provided through a resistor §5,
a common connection 85 and one of the prefer-
ably substantially equal resistors 87 to terminals
88 connected to conirol grids 46 in units number
“0” of each.counting ring by connections not
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the individual resistors 87, connection to ground
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is provided through capacitor 88, and a separate
connection to ground is provided through resistor
99. 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
as soon as the terminals 82 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” sirikes it functions as previ-
ously described to extinguish any other gas tubes
which may be lit and prevent any other lamps
from striking. Thus the counter is reset to zero,
since the “0” lamp 25 is lighted.

In order to assure of adeguate time 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 87 high compared with the
value of resistor 88. 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 §2 are operated. Thus when the
preselected count is reached, recording mecha-
nism may be actuated, alarm or indicating devices
may be put in operation, or operations may be
performed in connection with automatic raachin-
ery 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
2 push button may be closed by hand where this
is advantageous.

It will be further understood that the diode 73
is not essential to operation of the circuit, and
that with suitable adjustment of impedance val-
ues it could be eliminated and the switch arm 719

5 could be connected to the lead T{ with only resis-

tor 72 in series, but that the inclusion of diode
13 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 completed its cycle, and
normally at the time that unit number “9” is
passing out of operation and unit number “¢”
is being actuated, the sharp up-swing in voltage
of the anode of the amplifier in unit number “0”
may he used to generate an impuise 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 47 of the amplifier of unit number “¢”
when. the counting transfer is from “9” to “0” is
transmitted through condenser 8§ across 1e51st01
92 and to the anode of vacuum tube diode §3.
It is further transmitted through the diode 93 to .
the input terminal €9 of the following decade.
It will be evident that the duration of this
impulse will depend on the values of the resistor
and condenser in Figure 3. For illustrative pur-
Dose suitable values may be as follows:

Conaensez 18, 300 rmcm—mlcrmwadn, .
Resistor 82, 2.2 megohms; -
Pipde 83, one diode section: of t;vpe BALS5.
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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 “0” through capacitor 81 across resistor
82 and to the anode of diode 83 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 103, inclusive,
one in each unit, and desirably forming parts of
twin triodes, as well as gas tubes 104 to 113, in-
clusive. The amplifiers have anodes 114, cath-
odes 115 and control grids 116. 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 7TF7. The individual anodes are
connected to the positive high voltage direct cur-
rent source at 117 through desirably substantially
equal anode load resistors [18. The cathodes
are connected individually to the higher voltage
side of the glow discharge tubes (04 to 113, at
119, the lower voltage sides of such tubes at 120
being connected together and through a common
cathode bias resistor 121 to ground. The cath-
odes are also individually connected through de-
sirably substantially equal resistors 122 to a com-
mon connection 122’ desirably maintained at a
positive voltage intermediate between the posi-
tive high voltage source at 11T and the ground
potential. The control grids are connected to
this same source through individual desirably
substantially equal resistors 123. Each control
grid is connected to the anode of the previous
amplifier through one of the desirably substan-
tially equal condensers 124.

Input of impulse to be counted in accomplished
through the terminal 125 and the capacitor 126.

By way of example, suitable values of the im-
pedences and the voltages are as follows:

Positive high voltage, approximately 200 volts;

Intermediate positive voltage, approximately 75
volts;

Resistor 118, 100,000 ohms;

Resistor 121, 15,000 ohms;

Resistor 123, 150,000 ohms;

Capacitor 124, 5,000 micro-microfarads;

Capacitor 126, 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 127 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 1217
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 cther 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
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tube strikes, a negative impulse is transmitted
through the capacitor 124 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 o respond to a
new input impulse. When the input impulse ar-
rives at the terminal i25 it drives lead I27 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 far enough
positive to strike the gas tube in its unit. The
input impulse duration is preferably short com-
pared with the time constant of the capacitor (24
and the resistors 118 and 123 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 am-
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
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every other amplifier except that amplifier, 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
voltage 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 o¢f one unit to the
amplifier of the next unit.

4, In an elecironic counting ring, having a
plurality of units operatively interconnected, an
amplifier provided with an anode, g cathode and
a control grid in each unit, a cathode grounding
resistor through which the cathodes of all am-
plifiers are connected to ground, a device having
a sharp cut off voltage at which current ceases
to flow in each unit interposed in the circuit he-
tween the anode of each amplifier and the con-
trol grid of every other amplifier except that am-
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-
ing 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 ampilifier of one unit to the
amplifier of the next unit.

5. 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 cathode grounding

resistor through which the cathodes of all am- :

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 contrel 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 petween each de-
vice having sharp cut off on the side towards the
control grids and ground, and means inciuding
unit transfer impedance for transferring an im-
pulse from the amplifier of one unit to the am-
plifier of the next unit.

6. In an electronic counting ring for counting
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 amplifiers are con-
nected to ground, g 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 ecircuit 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 grig 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 €ach 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 & source, a plurality of units oper-
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atively interconnected having an amplifier pro-
vided with an anode, cathode and a control grid
in each unit, s 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 voli-
age at which current ceases to flow in each unit
interposed in the circuit between the anode of
each amplifier and the ccntrol grid of every
other amplifier 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 amplifier, a sharp cut off device
grounding resistor interposed between each de-
vice naving sharp cut off on the side toward the
control grids and ground, an impulse resistor in-
terposed between the source of the impulse to be
counted and each control grid and a unit trans-
fer resistor and capacitor interposed in series be-
tween each sharp cutb 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.

2. In an electronic counting ring, a plurality
of units operatively interconnected having an am-
plifier provided with an ancde, 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, means 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 im-
pedance for transferring an impulse from the am-
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 am-
plifier provided with an anode, a cathode and a
centrol grid in each unit, a cathode grounding
resistor 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 am-
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-
fer impedance for transferring an impulse from
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 grounding
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 unit
interposed in the circuit betwesn 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 amplifier, 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 fransferring an impulse from the
amplifier of one unit to the amplifier of the next

unit.



2,595,519

15

11. In an electronic counting ring for counting
impulses from & source, 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 im-
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 ring, 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
cutput 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 an
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
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
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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 wunit, a cathode grounding resistor
through which the cathodes of all amplifiers are
connected to ground, a series of grid resistors for
ecach 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 hetween each gas tube on the
side toward the conirol grids and ground, an im-~
puise 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.

WILLIAM ANTHONY GEOHEGAN.
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