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1

The present invention relates to electronic
counting systems, and more particularly to count-
ing systems for operation at extremely high
speeds.

Electronic counting systems in general involve
- the use of electronic trigger circuits, each of
which is capable of assuming either of two condi-
tions of stability. In the usual system, one con-
dition of stability is satisfied when current flows
to the anode and the second condition of stability
when no current flows to the anode, these twe
conditions being respeciively designated as “on”
and “off” conditions. Although the trigger cir-
cuit forms the basis of the counting system, there
are a number of different ways in which trigger-
ing action may be availed of to produce a counting
action.

Counting systems, as heretofore constructed,
may in general be classified in either one of two
types, namely, the ring or chain system, and the
binary or scale-of-two system.

The ring or chain system has in each stage a
number of trigger circuits (ten for the decimal
system) in which only one tube is in conducting
condition. -The circuits are so arranged that
when an initiating pulse is applied to all of them,
it causes the next tube beyond the conducting
tube to be itself converted to the conducting con-
dition, the previously conducting tube being then
extinguished. In some systems, the selective
action occurs by virtue of a priming arrangement,
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the circuits being so arranged that only a primed

tube will be converted by the action of the initi-
ating pulse. In any case, the extinction of the
previously conducting tube follows the conversion
of *he next tube to the conducting condition, for
which purpose a transfer pulse or its equivalent is
generated by the conversion of the new tube. In
most instances the time required for extinction of
the previously conducting tube must be greater
than the length of the initiating pulse. A limita-
tion is, therefore, placed upon the rapidity of the
initiating pulses, and this places a limit on the
counting speed of the system.

It will be understood that for counting num-
bers larger than the number of tubes in the
chain, additional stages will be used with appro-
priate carry-over devices. Since the carry-over
stages necessarily operate at lower speeds than
the initial stage, the speed limitation is usually
significant for the initial stage only.

In the binary or scale-of-two system, the first
stage comprises a single circuit, usually involving
two tubes, one of which is in the conducting and
the other in the non-conducting condition. An
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initiating pulse imiediately converts the con- -

ducting tube to the non-conducting condition,
and the non-conducting tube to the conducting
condition. The entire action occurs within the
duration of the initiating pulse. Hence, the
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speed limitation is much less severe than in the
case of the counting ring. Additional stages may
be used to count up to any desired number. The
principal disadvantage of the binary system is
in its awkward counting scale, and ultimate con-
version to the decimal scale is necessary for
practical reasons,

The principal object of the present invention is
to provide a counting system in which the speed
of operation is not limited by the necessity for
successive triggering actions, and which, there-
fore, has the speed advantages of the binary
system, but which may be operated in other
number scales. :

With this object in view, the persent invention
contemplates the use of a counting system in-
volving an odd number of tubes and with a
peculiar progression of triggering action, whereby
the counting steps may be accomplished in a time
not substantially greater than the duration of the
initiating pulse. Since, as will hereinafter ap-
pear, this system requires an odd number of tubes,
the counting may be accomplished in the scale
of 3, 5, 7, 9, or any other odd number, although
the distinctive characteristics of the system are
most apparent when the scale is 5 or greater. In
order to make use of the system for practical
counting purposes, it is preferable to use a
quintary system (scale-of-five), which msay be
used in combination with a binary system to ob-
tain results in the decimal number system.

In the accompanying drawings, Fig. 1 is a dia-
gram of the preferred form of system, and Figs.
2, 3, 4, 5 and 6 are diagrams illustrating the
sequence of operations.

The system shown in Fig. 1 comprises an input
circuit 10 of conventional form, leading to a
binary counting circuit having the tubes B! and
B2 The output of the binary circuit is fed
through a coupling tube C to the quintary circuit
involving five tubes designated Q! to Q5 Each
tube is preferably a. pentode, having a cathode
12, a control grid {4, a screen grid 16, a suppressor
grid 18 and an anode 20. Although the “control
grid” and the “suppressor grid” are herein desig-
nated by the terms usually applied in the tube
art, both grids are used as conduction-confrolling
electrodes, .as will hereinafter appear.

For the present, only the quinfary circuit will
be described, since this is capable of being oper-
ated by impulses from any input circuit. The
input to the quintary system comprises a line 22
connected by independent condensers 24 to the
control grids of the several pentodes. The sev-
eral control grids are connected through inde-
pendent resistors 28 to a source oi negative bias
potential E.. The several screen grids are con-
nected by direct connections 30 to a source of
positive potential Er. The potential Ev is also
‘applied to the anodes of the several tubes through
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& connection 31 and independent resistors 32.
Each anode is connected through a parallel con-
denser 34 and resistor 36 with the control grid
of the next succeeding tube and through a par~
allel condenser 38 and resistor 40 with the sup-
pressor -grid of the next preceding tube. The
suppressor grids are connected through resistors
4{ with a line 43 connected with a source of
negative biasing potential Es. It will be noted
that the same connections are made between
tubes Q! and Q5 whereby a ring or closed chain
of five tubes is formed.

As will presently appear, the circuit will lock
into any one of five stable conditions in which
the anode circuits of two non-adjacent tubes are
conducting and the anode ecircuits of the other
three tubes are non-conducting. A tube is capa-
ble of anode conduction only when both its con-
trol and suppressor grids are at positive potential.

In Fig. 1 certain grid potentials are indicated,
these being such as to show tubes Q2 and Q¢ in
conducting condition, and the remaining tubes
in non-conducting condition. Tube Q! has its
control grid positive and its suppressor grid
negative, tube Q3 has both grids negative, and
tube Q° has its control grid negative and sup-
pressor grid positive. The conducting tubes Q2
and Q* have hoth control and suppressor grids
positive. The flow of current to the anode of
tube Q? through its anode resistor 32 holds its
anode potential low and therefore. maintaing
negative potentials on the suppressor grid of Q!
and the control grid of Q3. Likewise, the sup-
pressor grid of Q3? and the control grid of Q5 are
held negative by anode conduction of tube Q4.
Conversely, the control and suppressor grids of
Q? and Q! are positive, because of the high anode
potentials of tubes Q!, Q3 and Q°, which are non-
conducting.

The particular condition shown in Fig. 1 is
diagrammatically illustrated in Fig. 2, wherein
a dark circle represents an “off” or non-conduct-
ing tube and a light circle an “on” or conducting
tube. Considering the tubes as existing in a ring
or chain, it will be noted that between Q2 and Q¢
there is a single “off” tube Q3, but between Q¢
and Q? there are two “off” tubes, Q° and QL

Thus Q° and Q! may be said to represent a
double gap between two conducting tubes of the
chain. This arrangement is entirely general, re-
gardless of how many fubes there are in the
chain, so long as the total number is odd. That
is, the tubes will be alternately on and off with
the exception of two adjacent off tubes at some
point. The position of the two off tubes is de-
terminative of the number of counted pulses.

With the tubes as shown in Fig. 2, assume that
a positive pulse is applied over the input line 22.
Two possible modes of operation may now be
followed, depending on the values of the volt-
ages applied to the several electrodes of the
tubes. The simplest mode of operation, which
will now be described, results in a peculiar step-
ping sequence, whereby the first tube of the
“double gap” becomes conducting. Thus on the
first pulse, Q* goes off and QF goes on, so that the
double gap is now at Q3 and Q% as shown in
Fig. 3. The next pulse turns Q2 off and Q3 on
(Fig. 4). This sequence continues until after
five pulses, the original condition of Fig. 2 is re-
stored. This sequence occurs when the normal
potentials on the control and suppressor grids
are fairly high.

The foregoing operations are illustrated by
the graphs of Fig. 5, showing in solid lines the
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control grid potentials and in dotted lines the
suppressor grid potentials for each of the five
tubes. These potentials are illustrated for the
condition of Fig, 1 up to a time To. At To & posi-
tive initiating pulse is assumed to be applied to
the tubes, leading to the condition illustrated at
the right hand side of each graph. Prior to To,
in Q! the suppressor grid is at its full negative
bias potential, but its control grid is slightly
positive because the anode potential of Q5 is high,
(It will be understood that because of grid con-
duction, the positive potential on any grid never
rises above a small value.) In Q?, hoth grids are
slightly positive, because the tube on each side
has a high anode potential. For Q3 both grids
are negative- because the tube is included be-
tween two conducting tubes for which the anode
potential is low. Q* is the same as Q2, and for
Q° the control grid is negative but the suppressor
grid is slightly positive. A pulse applied at time
To has no effect on Q? except momentarily to in-
crease the potential on the control grid by a
slight amount. The pulse, however, raises the
potential on the control grid of Q% from a nega-
tive to a slightly positive value, thereby causing
Q¢ to become conducting, with the immediate
consequence of causing the control grid of Q!
to become negative and the suppressor grid of
Q! to become negative. For Q3 the pulse causes
the control grid to become momentarily posi-
tive, but since Q? is conducting, this positive po-
tential for Q3 cannot be maintained. The sup-
pressor grid of Q3 becomes positive by virtue of
the extinction of QY. In an extremely short time
Q* assumes the condition previously held by Q!,
Q5 assumes the condition previously held by Q2.
Each tube assumes the condition formerly as-
sumed by the second tube to the right, the shift
being indicated by the following diagram:

1-3
2-4
3->5
4-1
52

The visible result is simply that conduction has
been transferred from Qf to Q% so that the
double gap now occurs at Q3 and Qf, as illus-
trated in Fig. 3.

The next pulse gives a similar stepping ac-
tion, turning Q2 off and Q2 on, as shown in Fig. 4.
A complete. schedule of sequences, starting from
the condition of Fig. 2, is as follows:

Number of
pulses re-
ceived

Tubes in
conduction

SR LI O
DL,
EEEIEITES

In the second mode of operation, the negative
bias potentials applied to the screen and sup-
pressor grids are somewhat lower than the po-

“tentials that are appled in the first system de-

scribed above. This results in a somewhat dif-
ferent sequence of operations, in that an in-
coming pulse results in both conducting tubes
being turned off and the tubes adjacent thereto
being turned on. Thus, from the condition of
Fig. 2, an incoming pulse will turn off tubes Q2
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5
and Q! and ignite tubes Q3 and QF, leaving Q!
unignited. '

Fig. 6 is a grid potential diagram for this sec-
ond mode of operation. The grid potentials prior
to To correspond to the condition shown in Fig.
2. Apulse isreceived at To. A short time there-
after, at T1, the conditions are momentarily simij-~
lar to those shown in the right-hand part of Fig.

5. 1In the tube Q3, however, the applied negative -

potential Ec is not sufficient to swing the control
grid to the full negative potential illustrated by
Fig. 5. Since the tube is obliged to assume a
condition of stability, if the grid cannot go nega-
tive to the full extent, it must swing back to the
positive condition, as illustrated by the diagram
after the time Ti.
conducting and necessarily affects the operation
of the two adjacent tubes Q2 and Q*.

Ultimately, the system must reach a condition
in which the potentials on the grids of the several
tubes are compatible with maintenance of sta-
bility. This condition is as illustrated in the
right-hand part of Fig. 6. .

In Fig. 6, the operation of the tube Q3 in swing-
ing its control grid back to the positive potential
produces a result exactly like the application of
another pulse in Fig. 5. A single initiating pulse
results in shifting from the condition of Fig. 2 to
that of Fig. 4. A diagram illustrating the pro-
gression for a single pulse is as follows:

1-3-5
2-4-1
3-5-2
4-1-3
524

meaning that tube Q' momentarily assumes the
condition formerly held by Q3 and then assumes
the stable condition formerly held by Q5.

It will be observed from Fig. 6 that the time
required for operation in the second method is
slightly greater than that required for the first
method. Since the second method operates like
two steps of the first method, its counting speed
is in general reduced by about one-half. This
reduction in counting speed is, however, balanced
by the fact that the system, when set for oper-
ation under the conditions of Fig. 6, is some-
what more reliable, in that it will operate in the
designated manner for wider variations of elec-
trode potentials. The system indicated by Fig.
5, while somewhat more rapid, requires that the
screen and suppressor grid potentials be held
within fairly close limits.

A schedule of operations for the second meth-
od, starting with the condition of Fig. 2, is as
follows: :

Number of T
'ubes in
pggev.:ae- conduction
0 2,4
1 3,8
C 2 1,4
3 2,5
4 1,3
5 24

It will be noted that after five pulses the original
condition is restored, but the intermediate steps
are different from the method of operation illus-
trated by Fig. 5. As in the first method, there
is always a “double gap” formed by two non-con-
ducting tubes. The visible result of applying a
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The tube Q® then becomes .
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pulse is simply to advance the double gap by onée
step.

Although a quintary system has been shown, it
will be understood that it may be applied to any
odd number of tubes. It is not applicable to an
even number of tubes, since such a system would
not provide a double gap; alternate tubes would
be off and on, and the same results would be ob-
tained as in a conventional binary system.

The use of five tubes (quintary operation) is
preferred, because it permits combination with
a binary system to count in the scale of ten. The
binary system represented by tubes B! and B2
and their accompanying connections is entirely
conventional. In one stable condition, B! is on
and B? is off. The action of a pulse applied at
the input 10 is to turn B! off and B2 on. When B2
goes on, as it will for every alternate pulse, it
transmits a negative pulse to the control grid of
the coupling tube C, thus turning C off and trans-
mitting a positive pulse to the input circuit 20
leading to the control grids of the tubes of the
quintary circuit. The next pulse at 10 turns B!
on and B2 off. When B? is turned off, a positive
pulse is fed to the control grid of C but, since that
grid is at cathode potential and C is already fully
conducting, no appreciable effect is observed at
the anode of C and no pulse is transmitted to the

- quintary section. Thus, each incoming pulse ap-
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plied to the circuit 10 operates the binary sys-
tem in the usual manner, and every second pulse
causes the transmission of an activating pulse to
the quintary circuit. The number of pulses may
be counted by observing the conducting tubes in
both the binary and quintary circuits.

A feature of importance is that the pulses for
operating the quintary circuit resuit only from
the binary circuit and the coupling tube and do
not depend in any way on the initiating impulses
applied to the input circuit 10. Therefore, the
operations in the quintary circuit may continue
beyond the duration of the pulses applied to the
binary circuit. This is important in considering
the second mode of operation of the quintary cir-
cuit which, as heretofore stated, is somewhat
slower than the first method. Since the quintary
circuit is actuated only on every alternate puise,
and sincethe initiating pulses do not get through
to the quintary circuit, this reduction in speed
imposes no significant speed limitation on the in-
herent high speed operation of the binary circuit.

Suitable indicating means may be used to in-
dicate the number of pulses. A simple form of
indicating circuit is shown in Fig. 1. A con-
nection 42 is run from the lower end of each
anode resistor 32 to the junction point of two
resistors 44, 46. There are two such resistors
bridged between each two adjacent anodes. All
ten of the resistors are connected in series in a
closed ring. Indicator leads 48, 50, 52, 54 and 56
are taken off at the left-hand ends of the re-
sistors 44. ' :

As previously described, there are two adjacent
“off”’” tubes in the quintary chain, for example,
QS and Q! in Fig. 1. .The potential of lead 48
is therefore the full anode potential Ey. The
other three tubes Q2, Q3 and Q¢ are alternately
on and off, so that their anodes are alternately
at low and high potentials. Consequently, leads
50, 52, 54 and 56 are at the average of the high
and low potentials. In any case, the lead which
is at high potential -indicates the position of the
“double gap.” Any suitable means may be used
to give a visible indication of the single lead that
is at the high potential, here illustrated as in-
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dividual voltmeters 58, If desired, neon lamps
may be used which, because of the fact that they
become conducting only under potentials greater
than the ignition potential, will indicate only the
high potential lead. ‘

The indicating circuits above described are ap-
plied only to the quintary system. For the com-
plete binary-quintary system, high potential on
the nth lead shows that 2n or 2n4-1 pulses have
been counted, the exact number being determined
by reference to the condition of the binary tubes.
A suitable carry-over device leading to a sub-
sequent circuit may be operated upon the raising
of the fifth indicating lead to the high potential.

In summarizing the foregoing description, it

will be observed that the quintary section, which -

forms the principal feature of the invention, is
composed of five elemental trigger circuits, each
of which is capable of assuming either of two con-
ditions of stability. The condition assumed by
any of the elemental circuits, however, is not in-
dependent of the other circuits in the system,
but is dictated by the potential relations existing
in the system as a whole. Upon the application
of an initiating pulse the potential relations are
upset simultaneously in the entire system, Thus
the entire quintary section may be viewed as a
single trigger circuit having five conditions of
stability (or more generally, as many conditions
of stahility as there are elemental tube circuits).
It is this fact which makes for exceptionally high-
speed operation, since all elements of the sys-
tem are converted immediately to the new condi-
tions upon reception of & pulse, without the ne-
cessity of depending on a progressive action
through the several tubes.

It will be understood that the particular em-
bodiment herein shown is illustrative only and
may be varied within the purview of the inven-
tion, as defined in the appended claims.

Having thus described my invention, I claim:

1. A counting system comprising an odd num-
ber, five or more, of trigger circuits each capable
of assuming a conducting and a non-conducting
condition of stability, conduction-controlling
means for each circuit, connections between each
circuit and the conduction-controlling means of
adjacent circuits to establish different conditions
of stability for alternate trigger circuits except
for two adjacent circuits which are in the same
condition of stability, and means responsive to
an initiating pulse to affect the position of said
adjacent circuits in relation to the other trig-
ger circuits in the system.

2. A counting system comprising an odd num-
ber, five or more, of electronic trigger circuits,
each capable of assuming a conducting and a
non-conducting condition of stability, conduc-
tion-controlling means for each cricuit, connec-
tions between each circuit and the conduction-
controliing means of adjacent circuits to estab-
lish alternate conducting and non-conducting
conditions in the several circuits except for two
adjacent circuits which are in the non-conduct-
ing condition, and means responsive to an initi-
ating pulse to shift the relation of adjacent non-
conducting trigger circuits in the system.

3. A counting system comprising an odd num-
ber, five or more, of electronic trigger circuits,
each having an anode and capable of stable oper-
ation at high or low anode potential, conduction-~
controlling means for each trigger circuit, con-
nections between the anode of each circuit and
the conduction-controlling means of adjacent
circuits to establish the high-anode-potential

8

condition in any circuit adjacent to a circuit in

. which the condition of low anode potential exists,
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whereby two adjacent anodes in the system are
at high potential, means for applying an input
pulse to the several trigger circuits, and means
responsive to sald pulse to shift the condition of
adjacent high anode potentials to other anodes
in the system.

4. A counting system comprising an odd num-
ber, five or more, of electronic trigger circuits,
each having a tube with an anode and conduc-
tion-controlling means, each circuit being ca-

‘pable of assuming either a stable conducting con-

dition or a stable non-conducting condition, con-
nections between the anode of each tube and the
conduction-controlling means of adjacent tubes
to establish the conducting condition only in each
of those trigger circuits which are included. be-
tween two circuits in the non-conducting condi-
tion, whereby the system at any time has two
adjacent tubes in the non-conducting condition
and the remaining tubes alternately in conduct-
ing and non-conducting condition, means for ap-
plying an input pulse to the several trigger cir-
cuits, and means responsive to said pulse for
shifting the condition of adjacent non-conduc-
tion to other tubes in the system.

5. A counting system comprising an odd num-
ber, five or more, of electronic trigger circuits,
each having an anode, a control grid and a sup-
pressor grid, each circuit being capable of stable
operation at high or low anode potential, con-
nections from the anode of each circuit to the
control grid of one adjacent circuit and to the
suppressor grid of the other adjacent circuit, said
connections establishing the condition of high
anode potential in two circuits adjacent to cir-
cuits at low anode potential, the remaining cir-
cuits being alternately at high and low anode po-
tential, means for applying an input pulse to the
several circuits, and means responsive to said
pulse for shifting the relation of stability con-
ditions in the circuits in the system.

6. A counting system comprising an odd num-
ber, five or more, of electronic trigger circuits,
each having an anode, a control grid and a sup-
pressor grid, each circuit being capable of stable
operation at high or low anode potential, con-
nections from the anode of each circuit to the
control grid of one adjacent circuit and to the
suppressor grid of the other adjacent circuit, an
anode being capable of assuming the low-poten-
tial condition only when its control grid and sup-
pressor grid are both at positive potentials, where-
by the circuits are aiternately at high and low
anode potential except for two adjacent circuits
which are at high anode potential, means for ap-
plying an input pulse to the several circuits, and
means responsive to said pulse for shifting the
stability conditions in the circuits of the sys-
tem,

7. An electronic counting system comprising
an odd number, five or more, of elemental cir-
cuits, each including an anode and two con-
duction-controlling electrodes, each circuit being
capable of assuming two conditions of stability,
namely, a condition in which the anode is con- .
ducitng when both of its conduction-controlling
electrodes are positive, and a condition in which
the anode is non-conducting when either of its
conduction-controlling electrodes is negative,
connections from’ each anode to one conduction-
controlling electrode of one adjacent circuit and
to the other conduction-controlling electrode of
the other adjacent circuit, a source of positive
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potential for the anodes, sources of negative po-
tential for the conduction-controlling electrodes,
whereby the anodes are alternately conduecting
and non-conducting, except for two adjacent an-
odes which are non-conducting, and resistor
means between said potential sources and the
corresponding electrodes, an input circuit con-
nected with corresponding conduction-control-
ling electrodes of the several circuits.

8. An electronic counting system comprising an
odd number of elemental circuits in a closed
chain, each including an anode and two conduc-
tion-controlling electrodes, each eircuit being ca-
pable of assuming two conditions of stability,
namely, a condition in which the anode is con-
ducting and at low potential when both of its
conduction-controlling electrodes are positive,
and a condition in which the anode is non-con-
ducting and at high potential when either of its
conduction-controlling electrodes is negative,
connections from each anode to one conduction-
controlling electrode of one adjacent circuit and
to the other conduction-controlling electrode of
the other adjacent circuit to establish the high-
anode-potential condition in any circuit adjacent
to a circuit in which the condition of low-anode-
potential exists, whereby two adjacent anodes in
the system are at high potential, a source of pos-
itive potential for the anodes, sources of negative
potential for the conduction-controlling elec-
trodes, . resistor means between said potential
sources and the corresponding electrodes, an in-
put circuit connected with corresponding con-
duction-controlling electrodes of the several cir-
cuits, a bridge connection between each two ad-
Jacent anodes, and indicator means connected
at an intermediate point of each bridge circuit
to indicate the position of the two adjacent an-
odes which are in the high-potential condition.

9. An electronic counting system comprising an
odd number of electronic tubes (n+4-1, where n
is an even number greater than two), each of
sald tubes having an anode, a cathode, and two
control electrodes, connections from each of said
anodes to control electrodes of two other tubes
of the group, said connections providing the sys-
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tem with n--1 stable conditions, in each of which
n

2
tubes are conducting and

n
z+1

tubes are non-conducting, a.ngl” input means for
applying pulses to said control electrodes to cause
the system to shift from one of said stable condi-
tions to anoher.

10. A counting system comprising an odd num-
ber, five or more, of electronic trigger circuits,
each having an anode and capable of stable op=-
eration at high or low anode potential, conduc-
tion-controlling means for each trigger circuit,
connections between the anode of each circuit
and the conduction-controlling means of adja-
cent circuits to establish the low-anode-potential
condition only in each of those circuits which are
included between two circuits in high-anode-po-
tential condition, whereby two adjacent anodes

- In the system are at high potential, means for
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applying an input pulse to the several trigger
circuits, and means responsive to said pulse to
shift the condition of adjacent high anode po-
tentials to other anodes in the system.

WILCOX P. OVERBECK.
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