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This invention relates to electron tube numer 
ical accumulators and in particular relates to a 
novel circuit arrangement in which each denom 
ination of the accumulator is made up of four, 
cascaded trigger-pairs of tubes which are so con 
trolled as to be capable of accumulating data in 
the decimal notation. 
The principal object of this invention is to 

provide a novel accumulator of data in the deci 
mal notation using four Cascaded electronic de 
vices for each decimal denomination. 
A further object of the invention is to control 

a four denominational binary counter in a novel 
way to enable it to operate as a single denomi 
nation of a decimal counter. 
A still further object of the invention is to 

control a four denominational binary counter to 
cause an additional entry to be made in the 2t 
denomination thereof each time certain entries 
are made in higher denominations, thereby en 
abling the counter to operate as a single de 
nomination of a decimal counter. 
Another object of the invention is to control 

One of the trigger-pairs of tubes of a cascaded 
bank of four trigger-pairs of tubes in such a 
manner that the bank of tubes will return to a 
given condition of conduction upon the applica 
tion of ten impulses thereto. 
With these and incidental objects in view, the 

invention includes certain novel features of con 
struction and combinations of parts, the essen 
tial elements of which are set forth in appended 
claims and a preferred form or embodiment of 
which is hereinafter described with reference 
to the drawings which accompany and form a 
part of this specification. 
Of the drawings: 
Fig.1 is a circuit diagram of a representative 

denominational bank of the accumulator. 
Fig. 2 is a chart showing the values represented 

by combinations of conducting tubes of the var 
ious trigger-pairs of tubes. 

General description 

... The numerical accumulator of the invention 
can contain as many denominational banks of 
tubes as are required to make up the desired 

: capacity, 
Since each denominational bank of the accu 

mulator is of the same construction, it is believed 
that an understanding of the novel accumulator 
will be clear from an explanation of the circuits 
and Operation of one denominational bank and 
its relation to adjacent banks. 
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The novel bank is made up of four pairs of 

tubes, each pair being trigger-connected and the 
four pairs being connected in cascade. Each pair 
of tubes which form a trigger-pair, are so inter 
connected in a circuit and operate in such a man 
ner that the circuit can assume two conditions 
of Stability, that is when either tube is conduct 
ing the other will be at cut off. 

Potential impulses applied to the tubes are ef 
fective to change the interconnected tubes from 
either condition of stability to the other, every 
other impulse bringing the interconnected pair 
to a like condition of stability. 

For convenience of the explanation of this ap 
plication the trigger-pairs of tubes will be con 
Sidered in their "on” condition When tubes A, B, 
C and D (Fig. 1) are conducting and will be con 
sidered in their "off' condition when these tubes 
are non-conducting. 
The four trigger-pairs tubes A and A, B and 

B', C and C and D and D are connected in cas 
cade, or Series, and input impulses are applied 
to the first trigger-pair, tubes A and A', of the 
Series to cause this trigger-pair to assume al 
ternately its "on' and its 'off' conditions. The 
Series connection between the first and second 
trigger-pairs is effective to transmit an impulse, 
Which is generated when the first trigger-pair 
returns to its "off' condition, to the second trig 
ger-pair, tubes B and B', to cause a change in 
the condition of stability of that pair. 
In a similar manner the second and third trig 

ger-pairs generate impulses as they return to 
their "off' condition and these impulses are 
transmitted to the third and fourth trigger-pairs, 
respectively, over the series connections, to cause 
changes in the condition of stability therein. 
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In addition to the above circuits, there are fur 
ther connections between the third and fourth 
trigger-pairs and the second trigger-pair which 
are effective to cause the second trigger-pair to 
aSSume its "on' condition each time the third or 
fourth trigger-pair of tubes assumes its “on” po 
Sition. 
These Series connections and further connec 

tions enable the four trigger-pairs to be restored 
to any previous setting when ten impulses have 
been applied to the bank and enable the trigger 
pairs, by their "on' and 'off' conditions, in com 
bination, to represent the digits '1' to '9' 
and 0'. 
The impulse, which when applied to the bank 

causes it to exceed its capacity, causes the fourth 
trigger-pair to return to 'off' condition as will 
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be explained hereinafter, and the return of this 
pair to 'off' condition will generate an impulse 
which can be applied to the input of the next 
higher denomination to cause an entry of a unit 
therein. 
The tubes of the bank may be restored to zero 

representing condition by causing all of the trig 
ger-pairs Of the bank to assume their “offº con 
dition. 
Any suitable indicating means may be used to 

indicate the value Standing on the accumulator. 
One Such indicating means may take the form of 
a suitable indicator lamp for each trigger-pair, 
which lamp will glow when its related trigger 
pair is on "on' condition. The value of an 
amount Standing on the bank at any time can 
readily be determined from the lamp or lamps. 
Which are glowing, according to the combina 
tions shown in the chart, Fig. 2. 

Normally Sixteen impulses would be required 
to cause a bank of four cascaded trigger-pairs to 
exceed its capacity and return to its original 
Setting. AS indicated above, however, the novel 
bank Óf four cascaded trigger-pairs can be maade 
to exceed its capacity and return to its original 
Setting by the application of only ten impulses 
thereto. 
The manner in which this is accomplished 

may best be understood by considering each of 
the four, trigger-pairs of tubes as a denomina 
tion of a binary counter, the pair of tubes. A 
and A representing the 29 denomination, tubes 
B and B' representing the 21 denomination, tubes 
C and C representing the 22 denomination, and 
tubes. D., and D representing 23 denomination, 
and by , considering the “om” i condition of the 
trigger-pair of tubes, as indicating a value stand 
ing in that order. The normal series connec 
tions between the trigger-pairs cause an opera 
tion of a higher order pair for every two opera - 3: 
tions of a lower order pair and this would mean 
that the four Orders would return to starting 
condition. Only after sixteen impulses were in 
pressed on the counter. 
connections, Which are provided between the 
trigger-pairs of the 2 and 28 denominations and 
the trigger-pair of the 2 denomination, are ef 
fective to cause the 21 denomination to receive an 
extra entry or assume an "on' condition each 
time, one of the higher order trigger-pairs as 
Sumes an “on' condition. This extra entry into 
the 2 order will occur three times during the 
entry of ten impulses and will have the same 
effect as though six additional impulses were 
applied to the counter. This automatic entry 
of the value of "6' enables, the four orders to 

However, the circuit 
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cause the potentials applied to the Various elle 
ments of the tubes are merely selected as con 
Venient potentials for the disclosure, and the 
circuit elementS of resistance andi capacitance 
Correspond in relative value to the potentials 
chosen. It is obvious that other potentials may 
be used and the values of the circuit elements 
adjusted accordingly to maintain the proper 
relation between the various parts of the cir 
cuit. All potentials given herein are with refer 
ence to ground. 

In Fig. 1, the tubes of each trigger-pair are 
Shown as the elements of a dual triode, such as 
a commercial 6J6 type of tube, but it will be 

5. Obvious that as far as the invention is concerned 
other types of tubes may be used and each of 
the tubes of a trigger-pair of tubes may occupy 
a separate envelope. 
Various types of circuits for connecting tubes 

to operate as trigger-pairs are well known and 
the one chosen to illustrate the invention en 
ables: the trigger-pair to change from "on' to 
'off' condition, and vice versa, upon the applica 
tion negative input impulses to the control grids. 

If other types of trigger-pairs are used, suit 
able circuit changes to accommodate the type 
of trigger-pair used can be made without depart 
ing from thae invention. 
The circuits for each of the trigger-pairs are 

substantially the same, and their operation will 
be clear from an explanation of the circuits by 
which the tubes A. and A' (Fig. 1) are connected 
to operate as a trigger-pair. " 
The anodes of tubes A and A' are connected 

over resistors, as 50, each of 47,000 ohms, to an 
anode potential Supply conductor 5 which is in 
turn connected to terminal 52 to which is applied 
a positive potential of 260 volts from any suitable 
Source of potential supply. , 
The common cathode of the tubes A and A' is 

connected directly to ground. 
The control grids for the tubes A and A' are 

connected over resistors, as 53, each of 120,000 
ohms, to a negative potential supply conductor 54 
which is in turn connected to terminal 55 to 
which is applied a negative biasing potential of 
75 volts from any suitable source of potential sup 
ply. The control grid for tube, A is also con 
nected to the anode of tube A' over a resistor, 
aS 56, of 200,000 ohmsin parallel With a capaci 
tor, as 57, of 500. micro-microfarads, which con 
nection of the control grid of tube A to the anode 
of tube A' enables the conduction or non-conduc 

return to starting condition, after only ten im 
pulses are impressed on the counter. 
The four cascaded trigger-pairs therefore are 

capable of operating as a single denomination. 
of a decimal accumulator and can, by the com 
binations of their conducting tubes, represent 
any of the digits '1' to '9' inclusive and “O.'. 

Circuits 

Fig. 1 shows a circuit diagram of a representa 
tive bank of tubes connected to operate accord 
ing to the invention to enable four cascaded trig 
ger-pairs of tubes to accumulate and represent 
values in the decimal notation. 
This bank of tubes is merely illustrative of 

the invention and it is not intended that the 
invention be limited to the use of the particular 
potentials and the values of resistance and ca 
pacitance given in the following description be-, 

ii) 

tion in tube A' to control the conduction in tube 
A. Similar connections are provided between 
the control grid of tube A and the anode of tube 
A to enable the conducting or non-conducting 
condition of tube A to control conduction in 
tube A'. 
The control grids of tubes A and A' are coupled 

over capacitors, as 60, each of 10 micro-micro 
farads to an input conductor, as 6 f, which in 
the case of the trigger-pair A and A' is the input 
conductor upon which negative impulses are 
applied to the bank from any suitable source of 

- impulses, to cause entries to be made in the 
denominatiön. 
The operation of the trigger-pair is as follows. 

Consider the pair as in its "on' condition with 
tube A conducting and tube A' non-conducting. 
When tube A is conducting its anode, due to the 
potential drop across resistor 50 will be less posi 
tive. than When the tube. is non-conducting, and 

- this condition is conveyed, through the coupling 
... between the anode of tube A and control grid of 
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tube A' to the grid of tube A' to bias tube. A 
to cut-off. Tube A' being non-conducting has 
its anode potential more positive, which condi 
tion is conveyed to the control grid of tube. A to 
keep this tube conducting. A negative impulse 
applied to the two grids will be ineffective on the 
grid of tube A' which is already biased to cut off, 
but will be effective on the grid of tube A to 
reduce conduction in tube A, with the consequent 
rise in its anode potential. This rise in potential 
of the anode of tube A is conveyed to the control 
grid of tube A' and causes the tube A to begin 
to conduct. The drop in anode potential of tube 
A is applied to the control grid of tube A to keep 
this tube biased to cut-off. In this manner the 
negative impulse has caused the trigger-pair to 
change from its “on' condition to its 'off' condi 
tion. The next impulse on this pair will operate 
in a similar manner to change the pair from its 
'off' condition to its "on" condition. 
The input conductor 62 for the second trigger 

pair, tubes B and B, is connected to the anode of 
tube A' and has a negative impulse impressed 
thereon each time tube A' becomes conducting, 
that is, each time the first trigger-pair assumes 
its 'off' condition. The second trigger-pair 
therefore receives an entry for every two entries 
made in the first trigger-pair. The non-con 
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ducting tube of the second trigger-pair has suffi 
cient negative bias that the rise in potential 
which occurs at the anode of tube A when the 
first trigger-pair is turned “on' will not be effec 
tive to change the “on' or 'off' condition of the 
Second trigger-pair. 
In a similar manner, the input conductor 633 

for the third trigger-pair, tubes C and C, iS con 
nected to the anode of tube B' and has a negative 
impulse impressed thereon each time the second 

30 

trigger-pair returns to its “off” condition. The 
third trigger-pair also is not affected by the 
turning of the second trigger-pair to its "on" 
condition. . . . 

Likewise the input conductor 64 for the fourth 
and final trigger-pair of the bank, tubes D and D', 
is connected to the anode of tube C and has a 
negative impulse impressed thereon each time the 
third trigger-pair returns to its “off” condition. 
The fourth trigger-pair also is not affected by the 
turning of the third trigger-pair to its "on' con 
dition. 
The anode of tube C of the third trigger-pair is 

coupled over a rectifier 65 and resistor 66 of 
5 megohms in parallel, and a capacitor 67 of 
100 micro-microfarads to the grid of tube B' of 
the second trigger-pair. This coupling enables 
the turning “on of the third trigger-pair to pron 
vide a negative impulse which turns the second 
trigger-pair “on.” The second trigger-pair is 

- - - 6 

with further reference to the chart, Fig. 2, it 
will be noted that the tube D of the fourth trig 
ger-pair of the bank changes from a conducting 
to a non-conducting condition only as the repre 
sentation of the bank passes from '9' to "0." 
This means that the other tube of the pair, tube 
D', becomes conducting at this time. A connec 
tion from the anode of tube D' over conductor 
75 and rectifier 76 and resistor 77 in parallel, ex 
tends to the input conductor of the next higher 
denomination to transmit the negative impulse, 
generated when tube D' becomes conducting, to 
the next higher denomination to cause a tens 
carry entry of a unit to be made therein each 
time the lower order exceeds its capacity and 
passes from a representation of '9' to a repre 
sentation of "0.' /* 
When a plurality of banks similar to the bank 

of Fig. 1 are used to form a multi-denominational 
accumulator, digit entries in the several orders 
should be made in succession to avoid the entry of 
tens transfer values during digit entries. 
In order to indicate which of the trigger-pairs 

is in “on' condition--that is, which of the tubes 
A, B, C and D is conducting-glow tubes, as tube 
78, are connected across the anode resistors for 
tubes A, B, C and D and will glow when these 
tubes are conducting. By checking the glowing 
tubes with the chart, Fig. 2, the value standing 
on the bank can readily be ascertained. . . . " 
When it is desired to restore the bank to its 

zero representing condition switches S-1, S-2, 
S-3 and S-4 are momentarily closed simultane 
ously. These switches connect the grids of the 
tubes A, B, C and D to ground, causing these 
tubes to become conducting, if they are not al 
ready conducting. Conduction in tubes A, B, 
C’ and D' will, through the trigger connections, 
cause tubes A, B, C and D to be cut off, which 
is the condition representative of zero. 

Operation 

In order to prepare the novel accumulator bank 
for operation, the switches S-1, S-2, S-3 and S-4 
are momentarily closed to connect the grids of 
the tubes A, B, C and D' to ground causing 
these tubes to become conducting, and, due to the 
trigger connections, causing the tubes A, B, C 
and D to become non-conducting. This is the. 
"off' condition of the various trigger-pairs and 
is the condition of the bank, which represents 
“O. w 

The first impulse which is applied to the bank 
in this Zero representing condition causes: the 

6 first trigger-pair to assume an “on' condition 
with tube A conducting and tube A' non-conduct 

... ing. As tube A' becomes non-conducting, its 
turned “on' in this manner when the digits 
“4 and 8' are to be represented by the bank as so 

ineffective to change the conducting condition of shown in the chart, Fig. 2. The rectifier used 
in this coupling may be of any known type, such 
as a diode or a germanium crystal, as long as it 
has relatively small distributed capacitance. 
The anode of tube D of the fourth trigger-pair 65 

is also coupled to the control grid of tube B' of 
second trigger-pair over a rectifier 70 and re 
sistance 7 of 5 megohms in parallel, a capacitor 

anode potential rises and forms a positive im 
pulse. This positive impulse is applied to the 
tubes B and B' of the next trigger-pair but is 

the tubes because it is ineffective to overcome the bias of the grid of tube B and has no appreciable 
effect on the grid of tube B' which is already at 
its more positive potential. After the receipt of 
the first impulse, tube A is conducting and tubes 
B, C and Dare non-conducting, which is the con 

... dition representative of the digit '.' 
* 12 of 100 microfarads and conductor 13. This . 
coupling enables the second trigger-pair to be 
turned “on” when the fourth trigger-pair is 
turned "on.' The second trigger-pair is turned 
"on' by the fourth trigger-pair when the bank is 
to indicate the digit “6,” as is clearly shown in 
the chart, Fig. 2. 

70 
The next impulse applied to the bank causes 

the first trigger-pair to assume its "off' condi 
tion with tube. A non-conducting and tube A' 

... conducting. The conduction occurring in tube 
A causes the anode potential of this tube to be 
come less positive, forming a negative impulse 
which is applied to the control grids of the tubes 
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B and B of the next trigger-pair and causes this 
pair to assume its "on" condition with tube B 
conducting and tube B' non-conducting. The 
positive impulse caused when conduction ceases 
in tube B'. will not affect the conducting and non 
conducting condition of the tubes. C and C of the 
next, trigger-pair. At the end of this entry, tube 
B is conducting and tubes A, C and D are non 
conducting which is the condition representative 
of the digit."2.” 
The third impulse applied to the bank causes. 

the first trigger-pair to assume its "on" condition 
with tube. A conducting and tube A' non-conduct 
ing. This change will not affect the conducting 
condition of the tubes B and B' of the next trig 
ger-pair so that at the end of this entry tubes A. 
and B will be conducting and tubes C and D will 
be non-conducting, which is the condition rep 
resentative of the digit “3.” 

. . The fourth impulse applied to the bank causes 

.the first trigger-pair to return to its “off” con 
dition with tube. A non-conducting and tube A' 
conducting. The potential drop of the anode of 
tube A', as the first trigger-pair returns to its 
"off' condition, forms a negative impulse which 
is applied to the tubes B and B' of the second 
trigger-pair, causing the second pair to return to 
its 'off' condition with tube. B non-conducting 
and tube B' conducting. The anode, potential 
drop of tube B' as the tube becomes conducting 
causes a negative impulse to be applied to the 
tubes C and C of the third trigger-pair to cause 
this trigger-pair to aSSume its "on' condition 
with tube C conducting and tube C non-conduct 
ing. When tube C becomes conducting its anode 
drop is conveyed through the circuit including 
rectifier 65 to tube B' which causes tube B' to 
become non-conducting and tube B to become 
conducting, thereby causing the second trigger 
pair to return to its "on' condition. At the end 
of this entry, tubes B and C will be conducting 
and tubes A and D will be non-conducting, which 
is the condition representative of the digit "4.' 
The fifth impulse applied to the bank will 

cause only the first trigger-pair to change, that 
is tube. A to become conducting and tube A' to 
become... non-conducting. At the end of this 
entry, tubes A, B and C will be conducting and 
tube. DWill be non-conducting which is the con 
dition representative of the digit "5.’ 
The sixth impulse impressed on the bank 

causes the first trigger-pair to return to its 'off' 
condition with tube A non-conducting and tube 
A' conducting. The return of the first trigger 
pair to its 'off' condition causes a negative ims 
pulse to be impressed on tubes B and B of the 
second trigger pair causing this pair also to re 
turn to its "off' condition with tube B non-con 
ducting and tube B' conducting. The return of 
the second trigger-pair to its "off' condition in 
presses a negative impulse on tubes C and C of 
the third trigger-pair causing this pair to return 
to its "off' condition with tube C non-conducting 
and tube C' conducting. The return of the third 
trigger-pair to its 'off' condition impresses a 
negative impulse on the tubes D and D' of the 
final trigger-pair causing this pair to assume its 
"on' condition with tube D conducting and tube 
D' non-conducting. When the final trigger-pair 
assumes its "on' condition and tube D becomes 
conducting its anode potential drop is conveyed 
over the circuit including rectifier 70 to the tube 
B' causing tube B' to become non-conducting 
and, through the trigger connections causing tube 
B to become conducting thereby causing the sec 
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cond pair to return to its "on' condition. At the 
end of this entry, tubes B and D will be con 
ducting and tubes A and C will be non-conduct 
ing which is the condition representative of the 
digit '6.' . - 
The seventh impulse applied to the bank will 

gallse the first trigger-pair to assume its "on' 
condition with tube A conducting and tube A' 
non-conducting. There will be no change in the 
conducting condition of the other trigger-pairs 
at this time. At the end of this entry, tubes A, 
B and D will be conducting and tube C will be 
non-conducting which is the condition repre 
Sentative of the digit '.' : . 
The eighth impulse applied to the bank will 

cause the first trigger-pair to return to its 'off' 
condition with tube. A non-conducting and tube 
A conducting. As before, the return of the first 
trigger-pair to "off' condition causes a negative 
impulse to be applied to the tubes. B and B of 
the Second trigger-pair which causes the second 
trigger pair also to return to "off" condition with 
tube B non-conducting and tube B' conducting. 
The return of the second trigger-pair to "off" 
condition sends a negative impulse to the tubes 
C and C" of the third trigger-pair which causes 
this pair to assume an "on' condition with tube 
C conducting and tube C non-conducting. When 
the third trigger-pair assumes its "on' condi 
tion and tube C becomes conducting, its anode 
potential drop is conveyed over the circuit in 
cluding the rectifier 65 to tube B', causing tube 
B' to become non-conducting, which through the 
trigger connections causes tube B to become con 
ducting. At the end of this entry tubes B, C and 
D are conducting and tube A is non-conducting. 
his is the condition representative of the digit 

“8. 
The ninth impulse will cause the first trigger 

pair to assume its "on' condition with tube A 
conducting and tube A' non-conducting. This 
will cause the conducting condition of none of 
the other trigger-pairs to be affacted. At the 
end of this entry, tubes A, B, C, and D will be 
conducting, which is the condition representative 
of the digit "9.' 
When the tenth impulse is impressed on the 

bank it will cause the first trigger-pair to re 
turn to its “off” condition with tube Anen-con 
ducting and tube A' conducting. The return of 
the first pair to its 'off' condition causes the sec 
ond trigger-pair to return to its “off” condition 
With tube B non-conducting and tube B' con 
ducting. The return of the second trigger-pair 
to its “off” condition in turn causes the third 
trigger-pair to return to its “off” condition with 
tube C non-conducting and tube C’ conducting. 
The return of the third trigger-pair to its 'off' 
condition further causes the fourth and final 

60 trigger-pair to return to its "off' condition with 
tube D non-conducting and tube D' conducting. 

Since neither the third nor the final trigger 
pair assumed an "on' condition in this entry, 
the Second trigger pair remains in its “off' con 

65.dition and with all of the trigger pairs in their 
"off" condition the bank has returned to its zero 
or starting condition. - 

... As the final trigger pair returns to its “off” 
condition and tube D' becomes conducting, the 

70 ancide potential of tube D' will drop and this 
tirop call be conveyed over conductor 5 as a 
transfer inpulse to the next higher bank or de 
nomin?tion. 
At the end of the entry of the tenth impulse 

therefore, the tubes A, B, C, and D will be non 
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conducting, which is the condition representa 
tive of zero, and a transfer entry will have been 
made in the next higher denominational order. 
While the form of mechanism herein shown 

and described is admirably adapted to fulfill the 
objects primarily stated, it is to be understood 
that it is not intended to confine the invention 
to the one form or embodiment herein disclosed, 
for it is susceptible of embodiment in various 
forms all coming within the scope of the claims 
which follow. 
What is claimed is: 
1. In combination, four electronic devices, each 

operable alternately to one and to another con 
dition in response to impulses impressed there 
on, and including means to produce potential 
changes each time the device changes from 
either condition to the other, said devices by 
their one and other conditions in combination 
representing the digits 'i' to '9' and “0”; cir 
cuits connecting devices in series and enabling a 
potential change, produced by every second op 
eration of one device, to be transmitted as an in 
pulse to the next device of the series to cause an 
operation thereof; means to impress input in 
pulses on the first device of the series; a unidi 
rectional circuit connecting the third electronic 
device in the series to the second electronic de 
vice in the series for transmitting a potential 
change, produced by the third electronic device 
as it is operated to one of said conditions, as an 
impulse to the second electronic device to cause 
it to operate; and a second uni-directional cir 
cuit connecting the fourth electronic device of 
the series to the second electronic device of the 
Series for transmitting a potential change, pro 
duced by the fourth electronic device as it is 
operated to one of said conditions, as an impulse 
to the second electronic device to cause it to op 
erate; said series connections and two uni-direc 
tional connections cooperating to enable the 
four electronic devices to operate to accumulate 
data in the decimal notation by causing the elec 
tronic devices, in combinations, to progressively 
represent the digits “1’ to '9' and “O’ and to re 
turn to any particular digit representing combi 
nation after ten impulses have been applied to 
the input means. 

2. In combination, four pairs of electron dis 
charge devices; circuits connecting each pair of 
devices to form a trigger-pair operable alter 
nately to one and to another condition in re 
Sponse to impulses and including means to pro 
duce potential changes each time the pair 
changes from either condition to the other, said 
trigger-pairs, by combinations of said one and 
said other conditions, representing the digits 
'1' to '9' and '0'; circuits connecting the trig 
ger-pairs in Series to transmit the potential 
change, produced by a trigger pair assuming its 
other condition, as an impulse to the next trig 
ger-pair of the series to cause it to operate and 
change its condition; an input circuit upon which 
input impulses are applied to the first trigger 
pair of the series to cause it to operate alter 
nately to its one and to its other condition; and 
further circuits connecting the third and fourth 
trigger-pairs in the Series to the Second trigger 
pair to transmit the potential change, produced. 
by either the third or the fourth trigger pair as 
suming its one condition, as an impulse to the 
second trigger-pair to cause it to assume its one 
condition, said Series connections and said fur 
ther connections cooperating to enable the four 
trigger-pairs to accumulate data in a decimal 
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notation by being caused to be in said one and 
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said other conditions, in combinations, to repre 
sent digits '1' to '9' and “0” and by returning 
to any particular combination after ten in 
pulses have been applied to the input means. 

3. In combination, four pairs of electron tubes; 
circuits connecting each pair of tubes to form a 
trigger-pair operable alternately to an "on' and 
to an “off' condition in response to impulses and 
including means to produce potential changes 
each time the pair changes from either condi 
tion to the other, said trigger-pairs by combina 
tions of “on' and 'off' conditions representing 
the digits '1' to '9" and “0”; circuits connect 
ing the trigger-pairs in series to transmit the 
potential change, produced by the turning of a 
trigger-pair to its 'off' condition, as an impulse 
to the next trigger-pair of the series to cause it 
to operate and change its “on” or “off' condi 
tion; an input circuit upon which input impulses 
are applied to the first trigger-pair of the series 
to cause it to operate alternately to its "on' and 
its “off' conditions; and further circuits con 
necting the third and fourth trigger-pairs in the 
series to the second trigger-pair to transmit the 
potential change, produced by the turning of 
either the third or the fourth trigger-pair to its 
"on' condition, as an impulse to the second trig 
ger-pair to cause it to operate and assume its 
"on' condition, said series connections and Said 
further connections cooperating to enable the 
four trigger-pairs to accumulate data in a deci 
mal notation by being turned “on” and “off” in 
combinations to represent digits '1' to '9' and 
“0” and by returning to any particular combina 
tion after ten impulses have been applied to the 
input means. 

4. In combination, four pairs of high-vacuum 
electron tubes; circuits connecting each pair of 
tubes to form a trigger-pair operable alternately 
to an “on' and to an 'off' condition in response 
to impulses and including means to produce po 
tential changes each time the pair changes from 
either condition to the other, Said trigger-pairs 
by combinations of “on' and 'off' conditions 
representing the digits '1' to '9' and “O'; cir 
cuits connecting the trigger-pairs in Series to 
transmit the potential change, produced by the 
turning of a trigger-pair to its 'off' condition, 
as an impulse to the next trigger pair of the 
series to cause it to operate and change its "on' 
or 'off' condition; an input circuit upon which 
input impulses are applied to the first trigger 
pair of the series to cause it to operate alter 
nately to its “on' and to its “off' conditions; a 
uni-directional circuit connecting the third trig 
ger-pair in the series to the second trigger-pair 
to transmit the potential change, produced by 
the turning of the third trigger pair to its "on' 
condition, as an impulse to the second trigger 
pair to cause it to operate to its "on' condition; 
and a second uni-directional circuit connecting 
the fourth trigger-pair in the series to the Sec 
ond trigger-pair to transmit the potential change, 
produced by the turning of the fourth trigger 
pair to its “on” condition, as an impulse to the 
second trigger-pair to cause it to operate to its 
"on' condition; said series connections and two 
uni-directional connections cooperating to en 
able the four trigger-pairs to accumulate data, 
in the decimal notation by causing the trigger 
pairs, in combination, to progressively represent 
the digits '1' to '9' and '0' and to return to 
any particular combination after ten impulses 
have been applied to the input means. 
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5. In a four denominational binary counter 
adapted for decimal counting, the combination 
of means for indicating a value of 20 in response 
to entries therein; means for indicating a value 
of 21 in response to entries therein; means for 
indicating a value of 22 in response to entries 
therein; means for indicating a value of 2 in 
response to entries therein; means to apply in 
put impulses to the means for indicating a value 
of 20 to enter values into the counter; transfer 
means between the several indicating means to 
cause a unit entry to be made into a higher or 
der for each two unit entries in the next lower 
order; means controlled by the means for indi 
cating a value of 22, as the means indicates this 
value, for causing an entry to be made in the 
means for indicating a value of 21; and means 
controlled by the means for indicating a value 
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of 23, as the means indicates this value, for 
causing an entry to be made in the means for 2. 
indicating a value of 21; said means controlled 
by the means for indicating a value of 2 caus 
ing two entries to be made in the means for in 
dicating a value of 2, and said means controlled 
by the means for indicating a value of 23 cause : 
ing one entry to be made in the means for in 
dicating a value of 21 during the entry of each 
ten impulses in the counter, thereby automati 
cally to add a value of six in the counter and 
enable the counter to make a complete opera 
tion and return to starting condition upon the 
application of ten impulses thereto. 

6. In an apparatus for accumulating values in 
the decimal notation, the combination of four 
pairs of electron discharge devices, each of Said 3 
devices containing at least an anode, a cathode, 
and means to control conduction therebetween; 
circuits for applying operating potentials to the 
devices and including a separate impedance ele 
ment in the circuit to each anode; trigger con 
nections cross-connecting the anodes and the 
conduction control ineans of the devices of each 
pair so that the pair will operate in “on' condi 
tion when current is conducted in one of the de 
vices and in 'off' condition when current is con 
ducted in the other of the devices, the trigger 
pairs, by combinations of “on' and 'off' condi 
tions, representing the digits “0” and “1” to '9"; 
circuits connecting the trigger pairs in cascade, 
the cascade circuits between trigger pairs ex 
tending from the anode of said, other device of 
a pair to the conduction control means of both 
devices of the next pair of the cascade, for trans 
mitting the anode potential drop, as the trigger 
pair turns to its 'off' condition, to the next trig 
ger pair to cause an operation thereof; means to 
preset the trigger pairs to their “off” condition; 
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means to apply negative input impulses to the 
conduction control means of the first trigger 
pair; a first unidirectional circuit extending from 
the anode of the one device of the third trigger 
pair directly to the conduction control means of 
the other device of the second trigger pair to 
transmit the potential change, which is produced 
as the third pair is turned "on,' as an impulse 
to the second pair to turn it from "off' to "on'; 
and a second unidirectional circuit extending 
from the anode of the one device of the fourth 
trigger pair directly to the conduction control 
lineans of the other device of the second trigger 
pair to transmit the potential change, which is 
produced when the fourth trigger pair is turned 
"on,' as an impulse to the second trigger pair 
to cause it to operate from "off' to 'on' condi 
tion; Said Series connections and two unidirec 
tional connections cooperating to enable the 
four trigger pairs to accumulate data, in the deci 
mal notation by causing the second trigger pair 
to make three additional operations during one 
Cycle of operation of the devices whereby the 
trigger pairs, in combination, can operate cycli 
cally to progressively represent the digits '1' to 
'9' and '0' and return to any particular combi 
nation after ten impulses have caused a cycle of 
operation thereof. 

ROBERT E. MUMMA. 
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