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This invention relates to counting systems and 
more particularly to circuits for counting, elec 
trical pulses. * * * * * * * * * * * * * 
An object of this invention is the accurate 

counting of electrical phenomena recurring at 
high rates of speed. ' ' ' ' 
A feature of this invention is a bidirectional 

counter operable to count in either of two di 
rections, i.e. either to count or to uncount; either 
to add or substract. - ?: ? ??? "* ?? 

Another feature of this invention is the use 
of unidirectional current conducting devices as 
gating means with means, for externally con 
trolling the effective impedance of the gates to 
pulses applied thereto. - 
The manner in which the object is attained 

and a more complete understanding of the listed 
and other features of the invention may be ob 
tained from the following detailed description 
of preferred embodiments of the invention when 
read with reference to the accompanying draw 
ings in which: . . . . . . . . . . . . . . . - 

Fig. 1 is a circuit diagram of one form of the 
invention, utilizing cold cathode gaseous dis 
charge devices; and 

Fig. 2 is a circuit diagram of another form of 
the invention, utilizing hot cathode gaseous 
discharge devices or thyratrons. - 

Let the fundamental principles governing the 
design of a bidirectional or add-subtract binary 
counting circuit first be considered. Every in 
teger on a decimal basis may be represented as 
the summation of discrete powers of the digit 2. 
Thus, as is demonstrated in the following table, 
the decimal integer 1 may be represented as the 
zero power of the digital base 2; the decimal 
integer 5 may be represented as the summation 
of the second and the zero powers of the digital 
base 2; the decimal integer 15 may be represented 
as 23-22-4-2-1-29, and soon. " - - - 

Binary. Number 

20 

In a binary counter, n stages are normally pro 

si 

40 

s 

50 

vided with the condition of the successive stages : 

a binary counter is no 

2. 
being representative of the presence or absence of 
the successive powers of 2 in the integer counted, 
i.e., 29, 2, 22... 2. Further, each stage of 

tary counter is norrhally, in either one or the 
other of two stable conditions, one of said condi 
tions arbitrarily being designated the “on” state, 
and the other arbitrarily being designated the 
“of” state. În the above table, “1” may be 
understood to represent the “on” state of the 
appropriate stage, and “0” may be understood to 
represent the “off” state of the stage. 

Referring again to the above table, it will be 
observed that the first or “units" or 20 element 
always shifts to its other condition each time the 
decimal numeral 1 is either added to or subtract 
ed from the prior registration. Thus, the first 
or “units” or 20 stage of the counter must always 
shift its state whenever a pulse is applied to the 
system whether the operation be addition or 
Fubtraction. ?? ?? ?? : ??? : , . . ........ ?? 

Now, considering the second or "2s' or 2 stage 
of the counter, in the process of addition: If 
the 21 stage, be “off” or "at 0' and the first or 
29 stage “on” or "at 1,” a received pulse must 

is advance the 20 stage to 0 and the 2 stage to 1. 
similarly, if the 2 stage be “on” or “at 1” and 
the first or 20 stage also be 1, a received pulse 
must advance the 29 stage to 0 and the 2. stage 
t?, 6 and also must change the state of the third 
or 23 stage. If the 22 stage were previously at 
1, this pulse must also shift the 28 stage, and if 
the 23 stage were also at 1 so that the shift 
is to 0, the 24 stage must also be shifted, and so 
on. Obviously, in the process of addition, if 
the first or units stage be at 0, only the state 
of that first stage need be shifted. 

in the process of subtraction: If the units or 
29 stage is on 1 when a pulse is received, only 
the state of that stage need be shifted. If the 
units or 20 stage be on 0, then the pulse must 
also shift the state of the 2 stage, and if that stage was previously on 0 whereby this pulse 
shifts it to the 1 state, then the state of the next 
succeeding or 22 stage must also be shifted, and 
SO Ol. 

Deriving a general proposition from the above 
considerations, in the process of addition, the 
nth counter (which counts the nth power 
of 2) must advance from state 0 to state 1 when 
ever the n-1 counter advances from state 1 to 
state 0, but the nth stage should be non-re 
sponsive to a shift of the n-1 stage from the 
0 state to the 1 state. In the process of sub 
traction, the nth counter must move from state 0 
to state 1 whenever the n-1 counter moves 
from state 0 to state 1, and must also cause the 
next succeeding or n+1 stage to shift its state. 
When the n-1 counter moves from state 0 to 
state 1 with the nth stage at state 1, the nth 
stage must move from state 1 to state 0 in the 
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process of subtraction, but no effect should be 
produced in the nth or higher stages. 
The design of a bidirectional binary counter 

may be predicated on the above-developed prop 
ositions. It will be seen that the first or 20 Stage 
may be driven directly from the pulse source 
since its state must be reversed at each pulse. 
Two output paths are provided coupling the 
first or 20 Stage to the next or 2 Stage. A pulse 
is transmitted over one of these paths when the 
first or 20 stage advances from its 0 to its 1 State, 
and a pulse is transmitted over the other of 
these paths. When the first or 20 stage passes from 
its 1 to its 0 State. TWO control conductors are 
provided with the potentials on those conductors 
being selected in accordance with Whether addi 
tion or subtraction is to be performed. Gates 
controlled by the voltages impressed on these 
two control conductors determine Which of the 
two pulses transmitted from the 20 stage is ap 
plied to the next or 21 stage. All higher stages 
are similarly equipped with dual outputs, with 
a gate individual to each of the outputs and 
With the condition of the gates being controlled 
by the voltages on the control conductors. 

Referring now to Fig. 1 of the drawings, three 
stages of a bidirectional binary counting system 
are represented, designated, respectively, n-1, n, 
and n--1. Each stage comprises a trigger circuit 
having tWO stable states. In the embodiment of 
the invention shown in Fig. 1, each trigger circuit 
comprises a pair of cold cathode gaseous dis 
charge devices which may, for example, be of 
the type designated WE 376–B or RCA 5823. 
Each tube is provided with an anode, a cathode, 
and a start electrode, e.g., tube C in stage n-1 
is provided with an anode 7, a cathode 08, and 
a start electrode 09. The anodes of all of the 
tubes are connected via conductor if 0 to a posi 
tive source of potential Ebb which may provide, 
for example, 135 volts. The cathode of each tube 
is connected to ground (negative Ebb) through 
an individual resistor. Thus, the cathode 08 of 
tube 0 is grounded through resistor if and 
the cathode of tube 02 is grounded through 
resistor 2. The cathodes of the two tubes com 
prising each trigger circuit are interconnected 
by a capacitor, e. g., the cathodes of tubes Of 
and 02 are interconnected by capacitor 3. 
Considering now, for example, the n-1 stage 

comprising tubes () and O2, let it be assumed 
that one of the tubes of the trigger pair, such 
as the 0 tube 0, is conducting while the other 
tube in the trigger pair, such as the 1 tube 02 
is extinguished. The anodes of both tubes will 
obviously remain at the plate supply voltage Ebb, 
viz., 135 volts, and the cathode of the non-con 
ducting tube 02 will be stabilized at approxi 
mately ground potential. The cathode of the 
conducting tube (), however, will rise to a value 
less than the supply voltage Ebb by an amount 
equal to the main gap sustaining voltage of the 
tube, i. e., Ebb-Es. In the above-noted type of 
tube, Es is typically in the vicinity of 70 volts so 
that the cathode of the conducting tube will rise 
to 135-70 or 65 volts positive relative to ground. 
This potential must be less than the start-gap 
breakdown voltage of the tubes for a reason 
hereinafter to be noted and the value of Ebb 
may be adjusted so to provide. It will herein 
be assumed that the start-gap breakdown volt 
age of the tubes is in the vicinity of 100 volts. 

It Will be seen that as a result of the trigger 
circuit comprising tubes of and 02 being in 
this stable state, i. e., the 0 state, capacitQr i 13 

35 

4. 
will assume a charge of approximately 65 volts, 
With the left-hand electrode of capacitor 3 
being approximately 65 volts positive relative to 
the right-hand electrode thereof. 

If a positive pulse of Suitable amplitude be 
impressed on the start electrodes of both of these 
tubes in a manner hereinafter to be discussed, 
the pulse Will have little or no effect on the 
presently conducting 0 tube 9, but it will in 
itiate a discharge in the presently non-conduct 
ing 1 tube 02 between the start electrode and 
the cathode thereof. This discharge, by the 
nature of the tube and the applied voltages, will 
immediately transfer so as to exist between the 
main anode and the cathode. As a result, the 
cathode of tube 02 will immediately rise to a 
potential Ebb-Es or 65 volts positive. Since 
capacitor 3 has already been charged to 
Ebb-ES or 65 volts positive as above described, 
the left-hand electrode of capacitor f3, and 
consequently the cathode 88 of tube Of, will 
attain transiently a potential of 2CEbb-Es) or 
130 volts positive relative to ground. Therefore, 
during this transient period, the cathode of the 
previously non-conducting tube 2 will rise to 
65 volts positive and the cathode of the previ 
ously conducting tube if will rise to 130 volts 
positive. These potentials are employed in con 
trolling the state of the next succeeding stage in 
a manner hereinafter to be described. 
During the transient condition, the cathode 

of tube B rises nomentarily to approximately 
130 volts positive relative to ground as above 
noted. Since the anode of tube is at positive 
135 volts, the potential difference across this 
main gap is considerably below the sustaining 
voltage of the tube, and tube will be extin 
guished whereby the n-1 stage will rest in its 
'' stable State. 
The cathodes of each tube in each stage are 

coupled to the start electrodes of the tubes in 
the next Succeeding stage. Thus, the cathode 
08 of tube 0 is connected through resistors 
4 and II 5, varistor fl 6, through resistor l li 

to the start electrode of tube 93 and through 
resistor 8 to the start electrode of tube 64. 
Similarly, the cathode of tube 62 is connected 
through resistors 20 and f2, varistor 22, 
through resistor | í to the start electrode of 
tube 03 and through resistor 8 to the start 
electrode of tube 64. The varistors repre 
sented in the drawings are unidirectional cur 
rent conducting devices and may comprise Con 
ventional 'dry' rectifiers, gas diodes, etc. The 
varistors are represented as having a low imped 
ance to conventional current flow in the direc 
tion of the arrow when the arrow sides thereof 
are at a potential positive relative to the other 
Sides. 
TWO control leads are provided. They are 

designated, respectively, the “add' lead 25 and 
the "Subtract' lead 26. At a point internine 
diate the two resistors 4 and f3, the circuit 
coupling the cathode of tube of to the start 
electrodes of the tubes in the next stage is con 
nected to the “subtract' lead 26 by means of 
a varistor 28. Similarly, at a point intermed 
iate the two resistors f 29 and 2 ?, the circuit 
coupling the cathode of tube 22 to the start 
electrodes of the tubes in the naxt stage is con 
nected to the "add' lead 25 by means of a War 
istor 29. It will be noted that the varistors or 
gates 28 and 29 are poled with their arrows 
directed towards the control conductors. 

Selected potentials are applied to the control 
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conductors. 25 and 26 in , accordance. With 
whether the operation of addition, or subtract. 
tion is, to be performed. These potentials are: 
normally applied under the control of other 
circuitry not shown. A switch SW Emay be u 
ized to produces the desired result, This Switch. 
functions: in an obvious manner to connect a. 
positive potential, such as positive. 20. Volts: to: 
the “add' lead 25, and to ground the 'Subtract' 
lead 26; if the process of addition is to be pei:- 
formed, and to reverse: these connections if the: 
process; of Subtraction is: to be performed; 
Assumes that the process of addition is to b3, 

performed and that the 2-1 stage is now in the: 
transient condition incident to a change, from 
its. Q. to its;1, state as above described. AS above 
noted, during this, transient, period the cathode: 
of tube 02 is at approximately 65. Wolts positive: 
relative, to grounds, Ehis potential therefore. 
appears at the arrow sie of varistor: 129. The: 
other side of varistor i29. is connected to the 
'add'ead 25. and therefore...is attai20Volt; poss 
itive potential, Therefore, Waristor 29 presents: 
a high impedance; to the potential at the cathode: 
of tube :62: As: a; result, the full 65-Volt 20terler. 
tial will be: applied through resistOS: 2. and 
21, through varistor. 22, through, resistor fli 
to the start electrode of tube. 103 and through 
resistor. --8 to the start, electrgde of tube, 84. 
As previously noted, however, a 65-volt potential 
applied to the start electrodes of these tubes is 
ineffective to initiate a discharge since the starts. 
gap breakdown voltage is considerably above. 
this potential. 

During this transient, condition of the; n-i ; 
stage, the cathode of tube. Of is nonentalily ai. 
a 130-volt positive potential as previously hotd. 
This potential, if applied through, resistOS. i4. 
and i i5, through varistor i 16 and through resis 
tors and -8, respectively, to the start elec 
todes of tubes. 3 and 04 Would be. Sufficient 
to shift the state; of that trigger circuit. Howr. 
ever, the lower electrode of Varistor 28, is 
grounded through the “subtract' lead 26. So, 
that varistor 28 constitutes a low impedance: 
shunting path for the potential at the cathode 
of tube (-0.1 and consequently no pulse. Will be: 
applied to the start electrodes of tubes 3 and 
i (4 from the cathode of tube fai during the 
process of addition and during the transfer from 
the 0, to the 1 state of the n-1 stage. This ac 
cords with the previously developed propositions. 
Considering now the same shift in state of the 

m-1 stage, i.e., from state 0 to state 1, but ast. 
sunae. that subtraction is to Qccur whereby the 
“add' lead 25, is grounded, and whereby, the 
“subtract' lead 26 is supplied with a positive 
120-volt. potential through the No. 4 contact of 
switch SW. In accordance: with the previously: 
developed principles, in the process of subtrace. 
tion if the n-1 stage shifts from its 0 to its 1 
state, the state of the next or nth Stage should 
also be shifted. In the circuit of Fig. 1, there. 
fore, under these conditions, the 65-volt poten 
tial at the cathode of tube. 2 is. Shulated to 
ground through varistor. 29. However, since the 
cathode of tube 0 and consequently the arrow 
side of varistor 28 is transiently at 139 volts and 
since the other-side of Waristor 28, is connected 
to a positive. 120-volt potential on conductor 26, 
the pulse from the cathode of the C will be: 
clipped to 120 volts and will then be applied 
through resistor tb, varistor i 6. and through re 
sistors and 8, respectively, to the start elec 
trodes of tubes 03 and 0. As a result, the previty. 

5. 

10: 

2 

3. 

i. 

60; 

, 

5. 

3. i. 

6 
ously non-conducting one of that pair of tubes 

ill be discharged and the previously conducting 
ine of that pair of tubes will be extinguished, with 
a corresponding change of cathode potentials 
which will be applied to the corresponding coul 
pling networks connecting the 7th stage to the, 
next. Succeeding or 12-il Stage. 
The necessity of providing waristors di 6 and 

22 will now-be apparent. Under the conditions. 
just discussed, were it not for the presence of 
varistor 22, poled as: shown, the 120-volt pulse 
transmitted through resistor. 5. Would be 
shurated to ground through, resistor 2 and 
varistor- 29. 

Assurne. now; that the shift: of the 7-il Stage 
was iron the state to the 0 state rather than 
thepreyiqusly discussed converse situation. Ün 
der the Principles of the Operation Of the trigger 
circuit hereinbefore discussed, the cathode of 
tube. Ot. will rise to 65. volts positive and the 
cathode of tube: 02 will transiently rise to 
2 CEbb-Es) or 130 volts, the reverse of the 
previous situation. Under the previously de 
veloped, general propositions, in the proceSS 

5 of addition, when any stage shifts from its 
1 to its 0, state, the state of the next succeeding 
stage should also be shifted, but during the proc 
ess of subtraction, the state of the next. Suc 
ceeding stage should not be shifted. Therefore, 
in the process of addition wherein the lower elec 
trode of varistor. 29 is connected to positive 120 
volt battery through conductor. 25 and wherein 
the lower electrode of varistor F28 is grounded 
throtight conductor 26, the 65 volt; potential at 

e of tube. 0 will be shunted to ground 
through varistor 28, but varistor 29 will only 
serve to clip, the transient 130-volt potential at 
the cathode of tube 92 to 120 volts and this: 
clipped pulse will be applied to the start elec 

i; trodes of tubes iO3 and 04 to: shift, the state of 
the nth stage. 

It will again be noted that were it not for the 
presence of varistor. 6, poled as shown, the 120 
volt pulse transmitted through resistor 2 would 
be shtinted to ground through resistor 5 and 
varistor 28. 

In the process, of Subtraction, the reverse con 
ditions exist, wherein the lower electrode of 
varistor 29, is grounded through conductor 25 
and the lower: electrode of varistor 28 is at a 
positive. 120-volt potential. Therefore, the 
transient 130-volt. potential at the cathode of 
tube 02 will be shunted to ground through 
varistor 29 and the 65-volt potential at the 
cathede, of tube tot will be applied through the 
coupling network to the start electrodes of the 
tibes in the next Succeeding trigger circuit, but 
this potential is of insufficient, amplitude to shift 
the state of the nth stage as hereinbefore dist 
CuSSed. : - 
The circuity of the several stages is identical. 

Therefore, the manner in which the state of the 
n-1 stage is shifted is identical to that above de 
scribed in relation to the nth stage, and conduc 
tors 30. and 3. may be connected to the cath 
odes of the tubes, comprising the next preceding 
or n-2 stage. Similarly, conductors 32 and 33 
may be connected through coupling networks to 
the stage next Succeeding stage n-1, i.e., to stage 
n-2, not shown. It will be recalled, however, that 
the first or units or 20 stage should be driven di 
rectly from the pulse source whereby the state of 
that first stage is reversed at every pulse whether 
the process of addition or of subtraction is to be 
performed. ??????? 
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The speed capabilities of the disclosed counting 
circuit may be increased by the use of thyratrons 
or hot cathode gaseous discharge devices rather 
than the cold cathode gaseous discharge ?ievices 
shown in Fig. 1. Fig. 2 demonstrates this modi 
fication. The circuits of Figs. 1 and 2 are sub 
stantially operationally identical, the only modi 
fications in the circuitry of Fig. 2 being those 
necessary to compensate for the different voltage 
requirements of the thyratron. Thus, for exam 
ple, the cathodes of tubes 20 t and 292 are 
grounded through resistors 2 and 22, respec 
tively, and the anodes of all of the tubes are con 
nected to a source of positive potential Ebb which, 
in this case, may have a wider latitude, e.g., from 
135 to 250 volts. Only a part of the pulse across 
the cathode resistors 2ff and 22 need be used 
since the rise in cathode potential when one of 
the thyratrons 20 to 206 is discharged is large, 
the Sustaining voltage Es of a thyratrom being 
normally in the range of approximately 7 to 20 
volts So that Ebb-Es closely approaches Ebb. 
Therefore, the networks coupling any stage to 
the next succeeding stage are tapped to a point 
on the cathode resistors rather than directly to 
the cathodes. Additionally, by the nature of the 
thyratron, the grids must be biased negatively 
relative to the cathodes to prevent conduction. 
Thus, the grids of tubes 203 and 204 are con 
nected through individual resistors 2 and 28 
and through common resistor 240 to negative bat 
tery which may supply, for example, negative 50 
volts. 
Similarly, because of the differences between 

the characteristics of cold cathode triodes and 
thyratrons, the voltage supplied through the No. 
3 contact of Switch SW2 to the 'Subtract' lead 
226 during the process of addition and through 
the No. 2 contact of Switch SW2 to the 'add' 
lead 225 during the process of subtraction is 
approximately 50 volts negative. The voltage 
Supplied through the No. 1 contact of switch SW2 
to the "add' lead 225 during the process of addi 
tion and through the No. 4 contact of Switch 
SW2 to the “subtract' lead 226 during the process 
of subtraction is approximately 10 volts positive 
as obtained from the voltage divider 24 f. 
Considering these differences in applied volt 

ages, the operation of the circuit of Fig. 2 is the 
same as the operation of the circuit of Fig. 1, 
above described in detail, and the reference 
characters referring to the corresponding ele 
ments in the two figures have corresponding tens 
and units digits. 

It is to be understood that the above-described 
arrangements are but illustrative of the appli 
cation of the principles of the invention. Nu 
merous other arrangements may be devised by 
those skilled in the art without departing from 
the spirit and scope of the invention. 
What is claimed is: 
1. In a counting circuit, two control conductors, 

a plurality of stages, first and Second means in 
terconnecting adjacent ones of said stages, a uni 
directional current conducting device connecting 
said first means to one of said control conductors, 
and another unidirectional current conducting 
device connecting Said Second means to the other 
of Said control conductors. 

2. In a counting circuit, a plurality of trigger 
circuits, means interconnecting adjacent Ones of 
Said trigger circuits, an add lead, a Subtract lead, 
and unidirectional current conducting means 
connecting said means to said add lead and to 
Said Subtract lead, 1 

0 

2. 
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60 

65 

70 

8 
3. In a counting circuit, a plurality of trigger 

circuits, an add lead, a subtract lead, first and 
second means interconnecting adjacent ones of 
said trigger circuits, a unidirectional current con 
ducting device connecting said first means to 
said add lead, and another unidirectional current 
conducting device connecting said second means 
to Said Subtract lead. 

4. In a counting circuit, a plurality of pairs of 
electron discharge devices, first means connect 
ing one of the devices in each of the pairs to the 
next succeeding one of said pairs of devices, sec 
Ond means connecting the other one of the de 
Vices in each of the pairs to the next Succeeding 
One of Said pairs of devices, two control con 
ductors, unidirectional current conducting means 
connecting said first means to one of said con 
trO conductors, and unidirectional current con 
ducting means connecting said Second means to 
the other of Said control conductors. 

5. In a counting circuit, a plurality of pairs 
of electron discharge devices, each of said devices 
having at least a cathode and a start electrode, 
first means connecting the cathode of one of the 

5 devices in each of the pairs to the start electrodes 
in the next Succeeding pair of devices, second 
means connecting the cathode of the other of 
the devices in each of the pairs to the start elec 
trodes in the next succeeding pair of devices, two 
control conductors, unidirectional current con 
ducting means connecting said first means to one 
of Said conductors, and unidirectional current 
Conducting means connecting Said Second means 
to the other of said conductors. 

6. In a counting circuit, a plurality of pairs 
of electron discharge devices, each of said devices 
having at least a cathode and a start electrode, 
a capacitor interconnecting the cathodes of the 
devices in each of said pairs of devices, first 
means connecting the cathode of one of the de 
vices in each of the pairs to the start electrodes 
in the next succeeding pair of devices, second 
means connecting the cathode of the other of the 
devices in each of the pairs to the start electrodes 
in the next Succeeding pair of devices, two con 
trol conductors, unidirectional current conduct 
ing means connecting said first means to one of 
said conductors, and unidirectional current con 
ducting means connecting said second means to 
the other of said conductors. 

7. In a counting circuit, two control conduc 
tors, a plurality of stages, means including uni 
directional current conducting means intercon 
necting adjacent ones of said stages, and unidi 
rectional current conducting means connecting 
Said means to said control conductors. 

8. In a counting circuit, two control conduc 
tors, a plurality of stages, first and second means 
including unidirectional current conducting 
means interconnecting adjacent ones of said 
stages, a unidirectional current conducting de 
vice connecting said first means to one of said 
control conductors, and another unidirectional 
current conducting device connecting said second 
means to the other of said control conductors. 

9. In a counting circuit, a plurality of pairs 
of electron discharge devices, first means in 
cluding unidirectional current conducting means 
connecting one of the devices in each of the pairs 
to the next succeeding one of said pairs of de 
vices, Second means including unidirectional cur 
rent conducting means connecting the other one 
of the devices in each of the pairs to the next 
Succeeding one of the said pairs of devices, two 
control conductors, unidirectional current con 




