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This invention relates generally to electronic. 
computers and particularly to electronic appa 
ratus for counting voltage pulses and for adding 
and subtracting groups of such pulses. 
The basic circuit utilized in adapting the in 

vention herein to the various circuits to be de 
scribed is the well known "trigger' circuit of 
the general type described in "Theory and Appli 
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cation of Vacuum Tubes' by Herbert J. Reich. . 
In One of its simplest forms, this trigger circuit 
includes two triodes in which the grid of the 
first triode is coupled to the anode of the second 
triode through a network comprising a parallel 
connected resistor and capacitor, and the grid 
of the second triode is similarly coupled to the 
anode of the first triode through a similar cou 
pling network. The cathodes of both triodes are 
grounded. Grid and anode potentials are applied 
to the respective electrodes through separate re 
sistors. If desired, a gaseous discharge tube may 
be connected across one of the anode resistors 
to indicate circuit operation. 

In operation, if a negative Voltage is applied 
to the grid of the first triode, the anode current 
of the triode will be reduced and the anode po 
tential will become more positive. Oue to the 
connection through the coupling resistor, the grid 
potential of the second triode will become more 
positive, causing an increase in the anode current 
of the Second triode, with a resultant decrease in 
the second triode anode potential. This de 
crease in anode potential will, in turn, cause the 
grid potential of the first triode to become more 
negative. This action will continue until the 
anode current of the first triode is cut off. The . 
first triode will remain cut off, and the second 
triode will remain conducting, until a positive 
potential is applied to the grid of the first triode 
or a negative potential is applied to the grid of 
the second triode. In either latter instance, the 
tube operating conditions Will be reVersed and 
the first triode will become conducting and the 
anode current of the second triode will be cut off. 
One of the features of the instant invention 

is the utilization of such trigger circuits in cas 
cade arrangement, whereby a predetermined 
change in the polarization or activation of One 
triode of the trigger circuit Will generate a pulse 
to trigger or activate a succeeding trigger cir 
cuit in the cascade arrangement. As many trig 
ger circuits as desired may be connected in cas 
cade. The instant invention is a modification of 
that disclosed in our Copending application Serial 
No. 459,404, fled September 23, 1942, now Patent 
No. 2,442,403, granted June 1, 1948, which de 
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-ilar nature. 

2 
scribes a cascade trigger circuit arrangement 
for counting voltage pulses to derive a sum in 
the scale of 10. The instant invention, however, 
is adapted to counting voltage pulses and indi 
cating the sum as a binary number. In addi 
tion, provision is made for deriving the binary 
difference or the binary sums of two or more 
Succeeding Series of voltage pulses. 
The binary System of computation is particu 

larly Suited to electronic computers since a 
complete binary order of a binary number may 
be expressed in terms of the conducting or cut 
off condition of the anode circuit of a conven 
tional vacuum tube. A saving in the number 
of tubes required for a given number is also pos 
sible in a ratio of 3 to 1 over the scale of 10 sys 
tem. More complete discussions of the binary 
and Similar Systems of computation may be found 
in "Elementary Number Theory’ by Uspenski 
and Heaslet, "Mathematical Excursions' by 
H. A. Merrill, and 'A Mathematician Explains' 
by M. I. Logston. 
The conventional trigger circuit described 

heretofore effects a reversal in polarization or 
activation by succeeding applied pulses of a sim 

The circuits to be described here 
inafter are adapted to accomplish this purpose 
in response to negative operating pulses applied 
to the anode circuits of the trigger tubes. 
Among the objects of the invention are to pro 

vide a new and improved means for counting 
Woltage pulses. Another object of the invention 
is to provide improved means for utilizing con 
Ventional trigger circuits in a novel cascade ar 
rangement for counting voltage pulses. Still 
another object is to provide an improved means 
for connecting conventional trigger circuits so 
as to provide a progressive summation of a series 
of input pulses. A further object is to provide . 
improved means for clearing the counter after 
each Summation for conditioning the circuit for 
counting Succeeding applied pulses. Another ob 
ject is to provide a new and improved means for 
deriving the binary sum of a series of pulses 
applied to a thermionic tube trigger circuit. Still 
another object is to provide a new and improved 
means for deriving the binary difference between 
the binary sums of succeeding series of voltage 
pulses applied to a series of cascaded trigger cir 
cuits within limits determined by the number 
of trigger circuits included in said means. 
The invention will be described by reference 

to the accompanying drawing of which Figure 1. 
is a schematic circuit diagram of the apparatus 
required for a single binary order; Figure 2 is a 
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schematic circuit diagram of the invention as 
adapted to compute the binary difference or the 
binary sums of two series of applied pulses; and 
Figure 3 is a block diagram of an extension of 
the circuit shown in schematic form in Figure 2. 
Similar reference numerals are applied to similar 
elements throughout the drawings. 

Referring to the drawing, Figure 1 comprises 
a trigger circuit of the type described heretofore. 
The grid gf of a first triode f is connected to the 
anode p2 of a second triode 2 through a network 
comprising the parallel connected resistor r and 
capacitor cf. The anode pf of the first triode 
is connected to the grid g2 of the Second triode 2 
through a second network Comprising the par 
allel connected resistor r2 and capacitor c2. The 
cathodes of the first and second triodes , 2 are 
grounded. A source of negative bias potential 7 
is connected to the grid g of the first tube 
through a grid resistor r, and to the grid g2 of 
the second triode 2 through a second grid re 
sistor r. The positive terminal of the bias po 
tential source. 7 is grounded. Anode potential 
from the source 8 is applied to the anode pil of 
the first tube through an anode coupling re 
sistor r, and to the anode p2 of the second tube 
2 through a second anode coupling resistor rs. 
The negative terminal of the anode potential 
Source is grounded. A gaseous indicator tube 3, 
which may be a conventional neon tube, is con 
nected across the second anode resistor rs to in 
dicate when the anode current exceeds a prede 
termined value, which is a function of the anode 
current flowing in the second tube 2. A choking 
resistor r is connected in series with the positive 
anode power supply lead to the common termi 
nails of the anode resistors rS and rs. Negative 
input control pulses 4 are applied to the input 
terminals 5 between ground and the common 
terminal of the anode resistors r5 and rs, 
through an input coupling capacitor c3. 
In operation, if it is assumed that the first tube 
initially is drawing anode current, the second 

tube 2 will be biased off. A negative pulse 4, ap 
plied to the input terminals 5, will appear on 
the anode p2 of the tube 2 and on the grid g. 
of the first tube which will in turn reduce the 
anode current in the first tube . This, in turn, 
will make the potential on the anode p? of the 
first tube more positive, and degenerate simul 
taneously any of the original negative pulse ap 
plied at pf. Thus a positive pulse will be applied 
to the grid g2 of the tube 2 causing the tube 2 to 
become conducting. This effect will increase 
and continue, because of the difference in the 
potential charges on the capacitors c ? and c2, 
until the first tube f is cut off, and the second 
tube 2 becomes completely conducting. A sub 
sequent negative pulse applied to the input ter 
minals 5 will cause the stable conditions of the 
trigger tubes , 2 to be reversed since the circuit 
is completely symmetrical. 
The indicator tube will be illuminated when 

the second tube 2 is conducting, since only under 
this condition is there an appreciable voltage 
drop across the anode coupling resistor res. If 
we assume that the conducting condition of the 
first tube p represents zero, and the conducing 
condition of the second tube 2 represents 1, the 
result is a binary counter in which zero is indi 
cated on the indicator tube 3 when the tube is 
extinguished, and 1 is indicated when the tube is 
illuminated. The second pulse applied to the 
input terminals 5 will cut off the second trigger 
tube 2 and cause the first tube to again be 
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come conducting. In order to indicate that two 
pulses have occurred instead of none, it is essen 
tial that a carryover system be employed which 
will provide a second indication representative 
of the second order of the binary total. 

Figure 2 is a modification of Figure 1 which 
employs two trigger circuits connected in a novel 
cascade arrangement whereby carryover or two 
orders of a binary total may be indicated. Pro 
vision is also made for both adding and subtract 
ing series of pulses applied to the input termi 
nals of the counter. Essentially, the circuit com 
prises two trigger circuits of the type described 
in Figure 1, but it should be understood that as 
many such circuits as required may be connected 
in cascade arrangement in a similar manner. 
The first and Second trigger tubes f and 2, and 
the first indicator tube 3 perform the functions 
required in the indication of the first order of 
the binary total. The third and fourth trigger 
tubes and 2 and the second indicator tube, 3 
perform the functions required in the indication 
of the second order of the binary total. Connec 
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tions 6 and 7 from the anodes p" and pl2, re 
spectively, are provided for coupling to succeed 
ing trigger circuits of similar type in which the 
higher orders of the binary total may be indi 
cated. Input pulses are applied to the input ter 
minals 5 in the same manner as described in 
Figure 1. 
The grid of a first transfer amplifier 6 is con 

nected through a second Coupling capacitor C4 
to the anode pil of the first trigger tube , and 
through a grid resistor re. to the movable con 
tact of a single pole-double throw switch s. 
The fixed contacts of the switchs are connected 
to different negative terminals of a source of 
potential 7. The positive terminal of the poten 
tial Source is connected to ground, and to the 
cathode of the first transfer tube 6. The grid of 
a second transfer tube 8 is connected through a 
third coupling capacitor c5, to the anode p2 of 
the second trigger tube 2 and through a grid re 
sistor r9 to the movable contact of a second sin 
gle pole-double throw switch s2. The fixed con 
tacts of the second switch s2 are connected to 
different negative terminals of a second poten 
tial source 9. The positive terminal of the sec 
ond potential source 9 is connected to ground, 
and to the cathode of the second transfer tube 8. 
The anodes of the first and second transfer tubes 
6 and 8 are both connected to the common ter 
minal of the anode resistors rt 5, rf6 and r T of 
the second trigger circuit comprising the tubes 

and 2. The grids of the second and fourth 
trigger tubes 2 and 2 are connected respectively 
through suitable choking resistors rf 0 and r20 to 
a fixed contact of a reset switch s3. The mova 
ble contact of the reset switch s3 is connected to 
a suitable negative terminal of the potential 
Source 9 to provide cut-off grid bias for the tuber 
2 and 2 when the switch is closed. 

In operation, if the tubes and f l are as 
sumed to be conducting and the tubes 2 and 2 
to be cut of, the first negative pulse applied to 
the input terminals 5 will reverse the stable con 
ditions of the trigger tubes causing the second 
tube 2 to become conducting and illuminating the 
first indicator tube 3. The second pulse applied 
to the input terminals, 5 will again reverse the 
stable conditions of the tubes and 2 and the 
indicator tubes will be extinguished. If the 
reset Switch s is open, and the movable contact 
of the first switch is is now connected to the 
right or highest negative terminal provided by 
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the source T, the first transfer tube 6 will be cut 
off. If the movable contact of the second Switch 
s2 is connected to the position marked "Normal.' 
normal grid bias will be provided for the second 
transfer tube 8. When the second trigger tube 2 
becomes non-conducting upon the application of 
the second input pulse to the input terminals 5, 
the potential upon the anode p2 thereof becomes 
more positive which, in turn, applies a positive 
pulse to the grid of the second transfer tube 8. 
Due to normal phase inversion in the transfer 
tube 8, a negative pulse would be derived from 
the anode thereof and applied to the second trig 
ger circuit comprising the third and fourth tubes 

and 2, causing the stable condition of the 
second trigger circuit to be reversed. It will 
therefore be understood that the first pulse ap 
plied to the circuit will illuminate the first indi 
cator tube 3. The second pulse applied to the 
circuit will extinguish the first indicator tube 3 
and illuminate the second indicator tube 3. A 
third pulse applied to the input terminals 5 will 
illuminate the first indicator 3. The indicator 3, 
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however, will remain lighted because the transfer 
of current conduction to the tube 2 makes the 
grid of the tube 8 more negative, thus reducing 
the current which the tube 8 draws through the 
resistor r and applying to the common anode 
terminal of the trigger circuit fl-2 a positive 
pulse which is incapable of changing the con 
ductive condition of this trigger circuit. 
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If the first switch si is connected to the con 
tact marked “Normal' to provide normal bias for 
the first transfer tube 6 and the movable terminal 
of the second switch s2 is connected to the con 
tact connected to the source of cut-off bias for 
the grid of the second transfer tube 8, a third 
pulse may be subtracted from the previouly indi 
cated total of two pulses. This is accomplished 
since the control pulse for the second trigger cir 
cuit comprising the tubes and 2 is now de 
rived from the anode p which becomes more 
positive when current is transferred from the 
tube to the tube 2 by the third pulse applied 
at the terminals 5. Tubes 2 and are now 
conducting and the lamp 3 is lighted indicating a 
count of i. 
A fourth pulse is subtracted, without change in 

connections, by its applicatipn to the terminals 5 
and the resulting transfer of current from the 
tube 2 to the tube . Tubes and are now 
conducting and a count of Zero is indicated. After 
deriving the desired total or difference of applied 
pulses, the circuit may be reset for further Com 
putation by closing the reset switch s3. In its 
closed position, the reset switch applies a source 
of cut-off potential to the second and fourth trig 
ger tubes 2 and 2, thereby extinguishing both 
indicator lamps 3 and 3. 

Figure 3 is a block diagram in which the square 
blocks correspond to the first and second trigger 
tubes of cascaded trigger circuits of the type de 
scribed in Figure 2, and the circular blocks corre 
spond to the transfer tubes. The circular blocks 
A indicate transfer tubes which are conducting 
when the circuit is utilized to add input pulses 
applied to the first trigger circuit. The circular 
blocks S indicate the transfer tubes which are 
utilized to actuate succeeding trigger circuits 
when input pulses are to be subtracted from pre 
viously applied input pulses. It should be un 
derstood that as many trigger circuits and trans 
fer tubes may be used as will be required to indi 
cate the highest binary quantity to be computed. 
Thus, the invention described comprises a new 
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and improved means for utilizing conventional 
trigger circuits to provide a binary counter in 
which voltage pulses may be either added or 
subtracted, and in which the answer is indicated 
in terms of a binary member. 
We claim as our invention: 
1. The combination of a pair of units each 

having an input termina and each including a 
pair of electron discharge elements having their 
anodes and control grids cross-connected so that 
current conduction is shifted from one to an 
other of said elements in response to the appli 
cation of a voltage pulse to said input terminal, 
a pair of transfer means each connected between 
a different anode of the first of said units and the 
input terminal of the second of said units, and 
means for Selectively controlling said pulse trans 
fer means to pass a pulse to the input terminal 
of Said Second unit Only in response to a pulse 
from one or the other anode of said first unit. 

2. The combination of a pair of units each hav 
ing an input terminal and each including a pair 
of electron discharge elements having their 
anodes and control grids cross-connected so that 
current conduction is shifted from one to another 
of said elements in response to the application of 
a voltage pulse to said input terminal, a pair of 
triodes having their anodes connected to the in 
put terminal of the second of said units and their 
grids each connected to a different anode of the 
first of said units, and means for Selectively con 
trolling the grid potentials of said triodes to pass 
pulses to the input terminal of said second unit 
only in response to pulses at one or the other 
anode of said first unit. 

3. The combination of a pair of units each in 
cluding a pair of electron discharge elements 
which have operating potential applied to their 
anodes through a common resistor and through 
separate resistors individual to said anodes and 
have their anodes and grids cross-connected so 
that current conduction is shifted from one to 
another of said elements in response to the ap 
plication of a voltage pulse to an input terminal 
common to said common and Separate resistors, 
a pair of transfer means each connected between 
a different anode of the first of said units and 
the input terminal of the second of said units, 
and means for selectively controlling said pulse 
transfer means to pass pulses to the input ter 
minal of said second unit only in response to 
pulses at one or the other anode of Said first unit. 

4. The combination of a pair of units each in 
cluding first and second electron discharge ele 
ments which have operating potential applied to 
their anodes through a common resistor and 
through separate resistors individual to said 
anodes and have their anodes and grids cross 
connected so that current conduction is shifted 
from one to another of said elements in response 
to the application of a voltage pulse to an input 
terminal common to said common and separate 
resistors, a pair of transfer means each connect 
ed between a different anode of the first of said 
units and the input terminai of the Second of Said 
units, means for selectively controlling said pulse 
transfer means to pass pulses to the input ter 
minal of said second unit only in response to 
pulses at one or the other anode of said first unit, 
and means for applying to the grid of said first 
element of each of said units a pulse whereby 
current conduction is established in said second 
elements of each of said unitS. 

5. The combination of a pair of units operable 
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either to a binary one or a binary ero condition 
in response to an input pulse, a pair of pulse 
transfer means connected between said units, 
and means for selectively controlling said trans 
fermeans to pass an input pulse from the first to 
the second of said units only in response to a 
binary, one or a binary zero condition of said 
-first unit. 

6. The combination of a pair of units operable 
either to a binary one or a binary Zero condition 
in response to an input pulse, a pair of pulse 
transfer means connected between said units, 
means for controlling the first of said transfer 
means to pass input pulses from the first to the 
second of said units for adding pulses applied to 
the ihput of said first tunit, and means for cons 
trolling the second of said transfer means to pass 
input pulses from the first to the second of said 
units for subtracting from said added pulses furs 
ther pulses applied to the input of said first unit. 
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