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This application is a division of my applica 
tion Serial No. 515,719, filed December 27, 1943, 
for Electronic Accounting Apparatus. 
The present invention involves a novel elec 

tronic commutator used in said electronic ac 
counting apparatus and having general utility as 
a distributor of potential. This electronic con 
mutator presents improvements over the elec 
tronic commutators of my prior application 
Serial No. 394,884, filed May 23, 1941, as well as 
over other electronic commutators in the prior 
art. 
The electronic commutator comprises a plu 

rality of interconnected electronic triggers. 
Each trigger is composed of a circuit Which in 
cludes a trigger pair of electron unitS or tubes 
which are cross-tied, anode of each to a control 
electrode of the other, to produce either one rela 
tion of opposite conductive conditions of the 
trigger pair of tubes or a reverse such relation, 
whereby the trigger has two, alternative states 
determined by the two different relations in con 
ductivity of the trigger pair of tubes. Tripping 
of the trigger from One of its states to the other 
is effected by changing the relative conductivity 
of the trigger pair of tubes. 
The present invention is featured by a novel 

method and means for effecting the change in 
relative conductivity of the trigger pair of tubes. 
According to the invention, the triggers in the 

commutator are coupled in a novel series chain 
fashion, 
More specifically, the invention provides a 

novel pattern of connections, from trigger to 
trigger, which consists of separate connections 
from the anodes of both tubes of a trigger pair 
to control electrodes of the two tubes in another 
trigger pair. By means of this pattern of con 
nections, each trigger pair of tubes depending on 
its relative condition of conductivity primes or 
influences a next trigger pair of tubes for either 
a change in One direction or in an opposite direc 
tion of the relative condition of conductivity of 
the influenced trigger pair. 
One state of the trigger may be named, for 

convenience, an off state and the alternative state 
may then be called the on state. Using these 
terms, the invention provides such a pattern of 
priming connections from anodes of One trigger 
pair of tubes to control electrodes of a next 
trigger pair of tubes that when one trigger is in 
one state it prines the trigger pair of tubes of the 
next trigger, if this trigger is off, towards reversal 
of this next trigger to on state; but if the priming 
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2 
the trigger pair of tubes in the next trigger, if 
this trigger is on, towards reversal of this next 
trigger to off state. This next trigger similarly 
primes the trigger pair of tubes in a following 
trigger, and so on. 
According to the invention, a closed ring Of 

Such priming pattern of connections is provided 
by which a chosen last trigger of the commutator 
When in off state primes the cross-tied, trigger 
pair of tubes of the first trigger for reversal from 
off to on state, the first trigger thereupon simi 
larly primes the second trigger for reversal from 
off to on state and so on till the last trigger is 
reversed to on state, the last trigger thereupon 
priming the trigger pair of tubes in the first 
trigger for reversal from on to off state, the first 
trigger then similarly priming the second tube for 
reversal to off state, and so on. In this manner, 
the triggers are sequentially primed and turned 
to on state and then sequentially primed and 
turned back to off state, in repetitive fashion. 
According to the invention, driving pulses for 
effecting the actual reversals of the triggers when 
primed are simultaneously applied to control elec 
trodes of all the tubes tied into trigger pairs. 
Each such driving pulse is effective in con 
junction with the priming potential applied to 
One trigger pair of tubes at a time, in the sequen 
tial priming pattern, for changing the relative 
condition of conductivity of the primed pair of 
tubes and thereby effecting the reversal in state 
of the trigger containing this primed pair of 
tubes. 
Other objects of the invention will be pointed 

Out in the following description and claims and 
illustrated in the accompanying drawings, which 
disclose, by Way of example, the principle of 
the invention and the best mode, which has been 
contemplated of applying that principle. 
In the drawings: 
Fig. ShOWS the commutator circuit. 
Fig. 2 is a chart of voltage conditions at anode 

points of the trigger pairs of tubes during a 
commutator cycle. 
The illustrated device has five stages each com 

prising an electronic trigger circuit which may 
Simply be called a trigger. The first stage or 
trigger is designated A6-f, the second A7-2, 
the third A8-3, the fourth A9-4, and the fifth 
AO-5. The triggers are across -- line 50 and - 
line 5 which are supplied with suitable D. C. 
voltage. Across lines 50 and 5 is a voltage 
divider comprised of resistors 56 and 57-58, the 
junction of these resistors being tapped by the 

trigger is in its alternative state then it primes 55 cathode voltage line 6, 
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Each trigger comprises two impedance net 
Works which may be referred to as left and right 
hand Sides, portions, or branches of the trigger. 
The branches are symmetrical and corresponding 
elements thereof will be given the same refer. 
ence number; those of the left, hand branch may 
be distinguished by appended letter L. and those 
of the right hand branch by letter R. Each 
branch comprises resistors 62, 63, and 65, a 
Vacuum tube 68, and a condenser 85 shunting re 
Sistor 3. The anode of each tube is connected . 

5 

to line 59 by the resistor 2 of the Sarae branch. 
The grid of the tube in one branch is connected 
to the point 6 of the opposite branch. The two 
tubes 68L, and 68R, which are the trigger pair, 
are shown as a twin triode, and their cominon 
cathode connects to line 3. It is understood 
that, if desired, the tubes may be in separate en 

s 
tential to point 5R. 

4. 
through resistor G21, and the tube to line 6. The 
potential at point 661, drops rapidly, feeding a 
negative pulse through condenser 85, to point 
6i. Thereupon, the potential at the point S.L. 
and, hence, the grid potential of tube S3R de 
creases Suddenly to cut-off value and current 
flow in 88R ceases substantially instantaneously. 
Point 68R has an accompanying rapid rise in 
potential, and the resulting positive pulse is fed 
by condenser 65R to point 6:R, promoting the 
increase in grid potential of tube 68L, which 
Was initiated by the application of positive po 

Tube 68L is now conducting 
and tube 68R is off, the reverse of the previous 
status of the tubes. In this manner, adequate 
positive potential applied to point 6:R has 
tripped the trigger from off state to on state. To 

velopes, each tube With its own Cathode to be 
connected to line S. Each tube is so chosen aS 
to be conductive when its grid is substantially at 
cathode voltage; that is when the grid bias is 
Substantially zero. 
are so chosen that when one of the tubes is at 
cutoff, the grid bias of the opposite tube will be 
substantially zero aid the latter tube will be 
conductive; i.e., at low irapedance. An eficient 
value relationship is one in which resistors 82 
and 64 are equal in value, resistors 63 are ap 
proximately three times this value, and con 
densers 65 have a capacity of the order of a few 
hundred microimicrofarads. A tube innay be re 
ferred to as on when it is conducting current, 
and as off when it is at cut-off. it:ach branch may 
be referred to as on or off according to whether 
its tube is on or off. For convenience, the trigger 
circuit unit will be considered as on or off in ac 
cordance With the on or off Status of the left 
hand branch. 
In further explanation, assline tube $81, is on. 

Accordingly, its impedance is low and the po 
tential at anode-connected point SGI is their only 
slightly above cathode potential. The accor 
panying potential drop across resistors 63, and 
64L forces the potential at point $71, below that 
of cathode line G. Since the-grid of tube 3R, is 
connected to point 53, the grid will at this tiriae 
be biased sufficiently negative to maintain tube 
68R off. The tube 68R, being off, its impedance 
is high and the potential at anode-connected 
point 66R is also high. The accompanying po 
tential drop across resistors 83R and 8:3L does 
ilot force the potential at point 3'Sir, ballow Cath 
cde potential. Since the grid of tube 83) is con 
nected to point 6 R, the potential then existing 
at this point is sufficient to hold the grid at Zero 
bias, so that tube 637, will be maintained con 
ductive. In this manner, tube 68L when on 
maintains the 68R off and, conversely, tube 68R, 
in off status maintains tube 68L in on status. 
The tubes in this relative status establish one 
state of stability of the trigger circuit unit; 
namely, the on state. in the reverse state of 
stability; that is, in the off state of the circuit, 
tube 68R, Will be on and tube 6 Will be off. Also, 
the voltage values at the corresponding points of 
the two branches will be reversed and the inter 
connections between the branches will maintain 
the circuit in off state. - 
The trigger may be reversed from off state, in 

which tube 68L is at cut-off and tube 88R is con 
ductive, by impressing positive potential on point 
67R of sufficient amplitude to raise the grid pot 
tential of tube 68L, above cut-off value. Tube 
63L starts to conduct current from line 5e 
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trip the trigger back from on to off state adequate 
positive potential may be applied to point 67. 
The grid of tube 68R, thereupon is increased in 
potential to start current flow through this tube. 
In a manner now clear, the shift in status will 
continue until tube. 63R is again conductive and 
tube 68L is again off; i.e., the trigger has been 
switched back, by positive potential applied to 
point 6 L from on to off state. 
A glow lamp 8 is connected, in series with a 

current initing resistor, between line 53 and 
point 66T. When the trigger is off, point 66, is 
at high potential, and the difference of potential 
across the lamp is insufficient to ignite the lanp. 
When the trigger is on, point 661, is at low po 
tential and there is enough difference in potential 
across the lamp to ignite it, thereby visually indi 
cating the on status of the trigger. 

Instead of reversing the trigger by applying 
positive potential to the grid of its non-conduct 
ing tube, the same effect can be obtained by ap 
plying negative potential to the grid of the con 
ducting tube. When positive potential of Sufi 
cient, anapiitude is applied to the grid of the non 
conducting tube, a regenerative action in the 
rigger is initiated for cutting off the conducting 

tube. When negative potential of sufficient 
ampiitude is applied to the conducting tube of a 
trigger, a regenerative-action is initiated for rais 
ing the grid potential of the non-conducting tube 
above cut-off. In the present embodiment, posi 
tive potential of adequate. amplitude will be ap 
pied sequentially to the successive triggers in the 
connutator for effecting sequential reversals of 
the triggers. For effecting a concurrent reversal 
of the triggers to off or reset status, a negative 
pulse of adequate potential will be applied Simul 
taneously to the grids of all the tubes 68 of the 
triggers. 
According to the invention, the application 

of positive tripping petential to a grid of a tube 
in each trigger will take place in two steps. The 
first step is to produce a preparatory or prim 
ing rise in grid potential of the non-conducting 
tube of a trigger pair. This priming rise will be 
produced by a preceding trigger in the ring of 
triggers forming the commutator. The priming 
rise of itself will be inadequate to increase the 
grid potential above cut-off and the trigger will 
be unreversed. The second step is to apply a 
positive pulse to the grid. Of itself, the positive 
pulse will have insufficient amplitude to raise the 
grid.potential of a non-conducting tube above cut 
off. Only when the pulse is applied on top of 
the priming rise will the grid be driven above 
cut-off. In other words, the priming rise on the 
grid of a non-conducting tube.combined with or 
Supplemented by the additive effect of the positive 
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pulse on this grid will provide adequate positive 
potential to drive the grid above cut-off, caus 
ing the tube to conduct and the trigger to re 
WeSe. 
The positive pulses are applied to a common 

input line 96u of the commutator. As will be 
brought out, each pulse is fed simultaneously to 
the grids of all the tubes of the trigger pairs. 
The pattern of priming connections is Such that 
priming potential will be applied to the grid of 
Only one non-conducting tube at a time of all 
the triggers in the commutator. Hence, each 
pulse although fed simultaneously to the grids 
of all the tubes will be effective to raise only the 
prinned grid above cut-off potential, causing its 
tube to conduct and the trigger containing this 
tube to reverse. By this means, the triggers may 
be Sequentially primed and reversed even though 
input pulses are each simultaneously applied to 
the grids of all the tubes in all the triggers. 
The commutator circuit will now be described 

in detail. 
The pattern of priming connections includes 

a resistive connection 74a between point 66L of 
the first trigger A6- and point 6L of the Second 
trigger A7-2. Since point 66L is connected to 
the anode of tube 68 and point 6L is connected 
to the grid of tube 63R, the resistive connection 
7&d is between the anode of tube 68 of the first 
trigger and the grid of tube 3R, of the second 
trigger. A Similar connection is provided from 
the anode of 68 of the Second trigger to the grid 
of 63R of the third trigger A8-3, between the 
anode of 65 of the third trigger and the grid 
of 63R of the fourth trigger A9-4, and between 
the anode of 58 of the fourth trigger and the 
grid of S3R of the fifth or last trigger A9-5. The 
point GSL and, hence, the anode of tube 68L, 
of the last trigger is connected by a resistor 74b 
and wire S to the point 67R and, hence, the con 
trol grid of tube 63, of the first trigger A6-. 
In short, the successive triggers are connected, 
anode of each left hand tube 68L to grid of each 
right hand tube 68R, but the anode of the left 
hand tube 68T of the last trigger in the Series 
is connected to the grid of the left hand tube 68L 
in the first trigger. 
The point 66R, and, hence, the anode of 68R, 

of the first trigger is connected by a resistor Tib 
to the point 6R and, hence the grid of 68L, of 
the Second trigger. A similar connection is pro 
Vided between points 66R, and 67R of the second 
and third triggers, third and fourth triggers, 
and fourth and last triggers. The point 66R of 
the last trigger, however, is connected by a resis 
tor 74a and line 39 to the point 67L of the first 
trigger. Thus, the anode of the right hand tube 
of each trigger except the last is connected to 
the grid of left hand tube of the next trigger, 
but the anode of the right hand tube of the last 
trigger is connected to the grid of the right hand 
tube of the first trigger. 
The point 66L or 66R, of a trigger is at high 

potential depending on whether the trigger is 
off Or on, respectively. By reason of the described 
pattern of connections between triggers, the high 
potential at a point 66i or 66R of each trigger 
will be transmitted to a grid of a tube in the 
next trigger in the ring of triggers and Will pro 
Wide the priming potential for this grid. If the 
grid is in a non-conducting tube, then the ap 
plied priming potential added to the effect of an 
input pulse received by the grid from wire 98t 
will render the tube conductive, but if the grid 
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ence no change from the combined effect of the 
priming and pulse potentials applied to the grid. 
The input pulses on line 96 u are each simul 

taneously applied to points 67L and 67R, via 
parallel condenser-resistor connections Ta-2a. 
and Tb-72b. 
Assume all the triggers are off, so that all the 

points 67 L are at high potential. Accordingly, 
each of the triggers, except the last trigger A0-5, 
is applying priming potential to the grid of the 
already conducting tube in the next trigger, but 
the last trigger At-5 is priming the grid of the 
non-conducting tube 68L in the first trigger 
A6-f. Hence, the first following pulse, although. 
simultaneously applied to all the grids, takes ef 
fect only on the primed grid of tube 68L in the 
first trigger A6-i, causing this primed grid to: 
rise above cut-off potential, whereupon tube 68L: 
becomes conductive and trigger Aiš- reverses: 
from off to on state (see Fig. 2). The first pulse 
has thus turned on Only A-. When A- is: 
in on state, its point 66R is at increased poten 
tial and its point 66L at reduced potential. 
Hence, priming potential is removed from point 
S.L of A-2 and is applied now to point 6:R. 
of A-2. The second pulse on wire 95u, there 
fore will turn on A-2. The pulse will have no 
effect on the other units. For instance, unit 
A6- is still prined at point 67R, so that the 
pulse can be effective only to turn on this unit, 
a status which it already has. Units A6- and 
A 2-2 are now on and the remaining units off. 
It will be clear now that a third pulse will turn 
On A8-3, a fourth pulse will turn on A9-6, and 
a fifth pulse Will turn on A-5. With A-5 on, 
its point 66R is at increased potential and apply 
ing priming potential to point 62 of A3-. 
Hence, the sixth pulse will turn off A6-1. With 
A6- off, it is priming point 6 L of A-2. Ac 
cordingly, the seventh pulse will turn of A-2. 
Similarly, the eighth and ninth pulses will turn 
off A8-3 and A9-4 successively. The tenth 
pulse will turn off A-5. This completes a com 
mutator cycle, all the triggers having returned 
to their initial off state. 
While each pulse is impressed on the grids of 

all the triggers simultaneously, each pulse can 
reverse only a single trigger. Thus with A6 
primed at its point 67R, the first pulse initiates 
the tripping of this trigger to on status. Point 
66R of A6- rises in potential exponentially, 
With an attendant exponential rise in potential 
of point 67R of A-2. As the potential on point 
6R of A-2 is rising, the first pulse is receding. 
By the time point 67R of A-2 has attained 
effective priming potential, the first pulse has 
declined in power and has ceased to exist, for 
practical purposes. Thus, this pulse will be un 
able to turn on AF-2. Similarly, each of the 
Successive pulses will turn on only one trigger 
and Will become powerless before the trigger be-, 
ing turned effectively primes the next trigger. 
Hence, each pulse may trip only one trigger, i.e., 
the trigger which was primed just before the 
pulse appeared. 
The foregoing has described the step by step 

Operation of a commutator by successive pulses. 
The stepping operation always begins with the 
trigger following the one last turned. The num 
ber of steps of operation equals the number of 
applied pulses. A series of ten pulses returns 
the series of five triggers to the status which 
they had before the first of the series of ten 
pulses were applied. This is the case whether 

is in an already conducting tube, it will experi- 5the triggers initially are all in off status or in 
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any other of the described relative states, within 
the commutator sequence. With regard to the:. 
branches of the triggers, they will be turned suc 
cessively to the same status, each as it turns to 
this state bringing about an accompanying 
change in its companion branch to the opposite 
state. Thus, if the triggers are all off initially, 

5 

the pulses thereafter applied turn on the left. 
hand branches of the triggers successively and 
then turn on the right hand branches. succes 
sively. Of the ten branches, a group of only five. 
is in the same state at any one time. Successive. 
steps of operation advance this state from one 
group of branches to another such group. Stated 
otherwise, the branches are so interrelated and 
operated that a group of corresponding states 
progresses along the chain of branches from . One 
position to a next position upon successive steps. 
of operation of the network of branches. 
In a manner described in detail in my parent 

application Ser. No. 515,719, when it is desired 
to reset the commutator; i. e., to return all the 
triggers to off States, a negative pulse of ade 
quate amplitude is applied to a wire 20 ta. Con 
densers. 262. and resistor's 203 couple Wire 20 fa. 
to the points 6 R. of triggers A6- to A0-5. 
By this circuit arrangement, the negative pulse 
appearing on Wire 20 a. is simultaneously ap 
plied to the right sides of all the triggers. 
any of Said triggers which are on are now 
tripped off concurrently. 
While there have been shown and described 
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and pointed out the fundamental novel features 
of the invention as applied to a preferred em 
bodiment, it will be understood that various 
omissions and substitutions and changes in the 
form and details of the device illustrated and in 
its operation may be made by those skilled in 
the art, without departing from the spirit of 
the invention. It is the intention, therefore, to 
be limited only as indicated by the scope of the 
following claims. 
What is claimed is: 
1. In combination, a plurality of electronic 

devices each of which devices includes an anode, 
a cathode, and a control electrode; means con 
necting the devices, anode to control electrode, 
to form trigger pairs; and means connecting 
the devices of different trigger pairs together 
in an endless chain operative series, said chain 
connections being from the anodes of both de 
vices, in a pair to the control electrodes of both 
devices in another pair. 

35 

40 
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2. In combination, a plurality of vacuum. 
tubes, each having at least an anode, a cathode, 
and a control grid; means, connecting the tubes 
in trigger pairs, with the anode of each tube. 
of a pair connected to the control grid of the 
other, tube of the pair; and means connecting the 
different pairs together in an endleSS chain op-. 
erative sequence in which the anodes of the tubes 
of a trigger pair are connected to the control 
grids of the tubes of another trigger pair and 
can control the effect of the control grids to 
select the pairs for sequential operation. 

3. In combination, a plurality of pairs - of 
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electronic devices, each device having an anode, 
a cathode, and means to control conduction be-, 
tween the anode, and the cathode; means con 
necting the devices for sequential operation, in-- 
cluding anode-to-control-means trigger Con 
nections between the devices of each pair and 
priming, connections between the anodes of the 

70 

devices of a pair and the control means; of a 
different pair, the priming and trigger.connec 75 

8 
tions: cooperating to provide a blocking bias for 
the control means of the devices of all pairs ex 
cept the one pair next to be operated and pro 
viding the control means of this one pair With 
a control. Which allows it to be operated quickly 
in response, to an input impulse, and the pattern 
of the priming, connections being such that the 
pairs; are, rendered operable one after another 
to respond to input impulses; and means com 
mon to all the devices to impress input pulses 
on the control means of all the devices to cause 
the primed pairs to operate. 

4. In combination, a plurality of electronic 
devices, each device including an anode, a cath 
Ode, and means to control conduction between 
the anode and the Cathode; means connecting 
the devices in pairs, anode to control means, to 
form trigger pairs in which one of the devices 
is conducting and the other device is non-con 
ducting and in which the conducting and non 
Conducting condition of the devices of a pair can 
be reversed when the pair responds to an input 
inpulse; means for applying input impulses to 
the control means of all the devices of the pairs, 
which impulses are ineffective to cause a reversal 
of the conducting condition of the pairs; and 
means to connect the anodes of a pair to the 
COintrol means of another pair to control the ef 
fectiveness of the control means and thereby Se 
lectively prine the trigger pairs one after an 
other to enable the input impulses to be effective 
thereon to cause them to operate and reverse 
the conducting and non-conducting condition of 
their constituent devices. 

5. In Combination, a plurality of electronic 
devices, each device having an anode, a control 
grid, and means to control conduction between 
the anode and the cathode; means for Supply 
ing Operating potentials for the anodes, cathodes, 
and control means of the devices; means connect 
ing the devices to form an operative ring and to 
control their conduction, including anode-to 
control-means, trigger connections for connect 
ing devices. to form trigger pairs, in each of 
which pairs one of the devices is conducting and 
the other device is non-conducting, Which con 
dition of the devices can be reversed upon an 
operation of the pair, and resistance network 
connections between the anodes of the devices 
of a pair and the control means of the devices 
of another pair for connecting the devices in a 
serial pattern, the trigger connections and re 
sistance network connections controlling the 
controlling means of the devices to render the 
pairs of devices responsive to input impulses one 
after another in sequence and to provide an Over 
bias on the remaining pairs at each stage of Op 
eration of the ring to prevent them from re 
sponding to input impulses impressed on the con 
trol means and render the devices Stable against 
misoperation; and near S to impreSS input in 
pulses on the control means of the devices, each 
of which impulses is impressed on the control 
means of all the devices and causes - tine pair 
which is responsive to operate. 

6. In combination, a plurality of electionic de 
vices, each device containing at least an anode, 
a cathode, and control means; means normally 
supplying anode-cathode potential and biasing 
potential for the control means of said devices; 
means connecting the devices for controlling con 
ducting therein, including connections connect-. 
ing the devices anode to control means, in trigger 
pairs, and also including priming network con 
nections between the anodes of the devices of 
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the pairs and the control means of the devices of 
other pairs for modifying the control of the con 
trol means to enable the trigger, pairs to be re 
Sponsive and change their mode of operation 
One after another in Succession in response to in 
pulses impressed on the control means of all 
the devices; and means to impress impulses on 
the control means of the devices to cause their 
Operation, each impulse being impressed on the 
control means of all the devices and causing the 
trigger pair, which is primed at that time, to 
Operate. 

7. In combination, a plurality of electronic de 
Vices, each device including at least an anode, a 
Cathode, and a control means; means connecting 
the devices to form trigger pairs by conductively 
coupling the anode of each device of the pair 
to the control means of the other device of the 
pair So that, at any instant, but one device of 
a pair will be conducting and so that, when 
primed, a pair can respond to an input impulse 
and can change itS mode of operation; means 
also conductively coupling the control means of 
a device on one pair to anode of a device of an 
other pair to form an endless operating chain 
Of the devices and to enable the pairs of devices 
t) be prined, the pattern of the priming connec 
tions being displaced from the pattern of trigger 
connections in. Such a manner that, at any stage 
of operation of the pairs of devices, the conduct 
ing device of only one pair will have its control 
means Connect2d to the anode of a conducting 
device of another pair and the non-conducting 
device of said one pair will be the only non-con 
ducting device having its control means con 
nected to the anode of a non-conducting device 
of ain other pair, which condition causes said one 
pair to be primed to respond to an input in 
pulse and to change its mode of operation, said 
One pair. When operated being effective to cause 
a further pair to be primed; and means cornmon 
to all the devices to impress input impulses on 
the control means thereof to cause the sequeitial 
change in the mode of operation of the pairs. 

8. In combination, a plurality of vacuum tubes 
including at least an anode, a cathode, and a 
control grid; means for supplying operating po 
tentials for the tubes and including an individ 
Ulal resistance for the anode of each tube where 
by the potential of the anode of a tube Will vary 
With its conductivity; means connecting the tubes 
anode to control grid to form trigger pairs in 
Which, at any stage of operation of a pair, one 
or the other of the tubes is conducting and the 
other is non-conducting; and priming connec. 
tions between the trigger pairs to connect, the 
tubes in an operative ring and render the pairs 
Selectively operable to change their mode of op 
eration one after another, said priming connec 
tions extending from the anodes of the tuibes of 
One pair to the control grids of the tubes of an 
other pair and being of such a pattern that, at 
any stage of operation of the ring, only the 
primed trigger pair will have the control grid 
of its conducting tube connected to the anode 
of a conducting tube of another pair to make 
the potential of the control grid of the conduct, 
ing tube of the primed pair less positive than 
the control grids of the other conducting tubes, 
and only the primed trigger pair will have the 
control grid of its non-conducting tube cor 
nected to the anode of a non-conducting the of 
another pair to make the potential of the con 
trol grid of the non-conducting tube of the primed 
pair leSS negative than the control grids of the 

10 
other non-conducting tubes, whereby the primed 
pair can respond to an input impulse and can 

' change its mode of operation. 
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9. In combination, a plurality of electronic 
devices, each device including an anode, a cath 
ode, and a control means; means connecting the 
devices to form trigger pairs in which, at any 
stage of operation of a pair, one or the other 
of the devices is conducting and the remaining 
device is non-conducting; priming network con 
nections including conductive couplings between 
the anodes of the devices of a pair and the con 
trol means of the devices of another pair for con 
necting the pairs in a ring and for rendering 
the pairs selectively operable one after another 
in response to input impulses, said priming net 
work connections being of such a pattern that 
they are effective at any stage of operation of 
the ring to cause the control means of the die 
vices of all the pairs except the primed pair 
to have potentials applied thereto which prevent 
these pairs from responding to input impulses 
and changing their mode of operation; and means 
coupled to the control means of all the devices 
to apply input impulses to all the devices, each 
impulse being impressed on the control means of 
all the devices and causing the devices of the 
prinned pair to operate and change their mode 
of operation. 

10. In combination, a plurality of electronic 
devices, each device having at least an anode, a 
cathode, and a control electrode; means con 
necting the devices to form trigger pairs in which 
one device of a pair is conducting and the other 
device of the same pair is non-conducting and 
in which the conducting and non-conducting 
conditions of the devices of a pair will be re 
versed each time it operates in response to an 
input impulse; priming network connections in 
cluding connections between the anodes of the 
devices of a pair and the control electrodes of 
the devices of another pair for connecting the 
pairs in a ring and for Selectively rendering the 
pairs responsive one after another to input in 
pulses, said network connections causing the 
control electrodes of all the pairs except the 
primed pair to be over-biased and stable against 
operation to allow only the primed pair to re 
Spond quickly to an input impulse and the pat 
tern of the network connections causing the 
primed pair, when operated, to be given an over 
bias and one of the previously over-biased pairs 
to be primed and made responsive to an input 
impulse whereby the ring is controlled for step 
by-step operation of the pairs; and means to im 
press input inpulses on the control electrodes 
of all the devices. 

11. In combination, a plurality of electronic 
devices, each device having at least an anode, a 
cathode, and a control electrode; means to pro 
vide operating potentials for the devices; means 
to connect the devices, anode to control elec 
trode, to form trigger pairs in which, at any 
stage of operation of a pair, one device of the 
pair is conducting and the other device is non 
conducting and in which the conducting and 
non-conducting condition of the devices of a pair 
Will be reversed each time it operates in response 
to an input impulse; priming network connec 
tions between the anodes of the devices of a 
pair and the control electrodes of the devices of 
another pair for connecting the pairs to form a 
ring and to render the pairs responsive one after 
another in endless sequence in response to input 
impulses, said priming connections causing at 
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least one control electrode in all pairs except the 
primed pair to have a potential which will pre 
vent these pairs from operating in response to 
input impulses and causing the control elec 
trodes of the primed pair to have potentials 
which will allow the primed pair to respond 
quickly to an input impulse, and said priming 
network conections having a pattern by which 
the pairs are primed for operation "one after an 
other; and means common to all the devices for 
supplying the control-electrodes of the devices 
with input impulses which can cause an opera 
tion of the primed pair but which are not suf 
ficient to overcome the blocking potential in the 
unprimed pairs. 

12. In combination, - a plurality" of vacuum 
tubes, each tube having at least an anode, a 
cathode, and a control grid; means connecting 
the tubes to form trigger pairs in which one tube 
of a pair is conducting and the other tube of the 
same pair is non-conducting and in which the 
conducting and . non-conducting 'conditions of 
the tubes of a pair will be reversed each time it 
operates in response to an input impulse; prim 
ing network connections, including connections 
between the anodes of the tubes of a pair and the 
control grids of the tubes of another pair, for 
connecting the pairs in a ring and for Selectively 
rendering the pairs responsive one after another 
to input impulses, said network connections 
causing the control grids of all the pairs except 
primed pair to be over-biased and stable against 
operation to allow only the primed pair to re 
spond quickly to an input impulse, and the pat 
tern of the network connections causing the 
primed pair, when operated, to be given an over 

- bias and one of the previously over-biased pairs 
to be primed and made responsive to an input 
impulse whereby the ring is controlled for step 

O 
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by-Step operation of the pairs; and means to 
impress input impulses on the control grids of 
all the tubes, 

13. In a battery operated vacuum tube ring, 
the combination of a plurality of battery oper 
ated vacuum tubes, each tube having an anode, a 
cathode, and means to control conduction be 
tween the anode and the cathode; means for 
Supplying operating potentials for the anodes, 
cathodes, and control means of the tubes; means 
connecting the tubes to form an operative ring 
and to control their conduction, including anode 
to-control-means trigger connections for con 
necting tubes to form trigger pairs, in each of 
which pairs one of the tubes is conducting and 
the other tube is non-conducting, which condi 
tion of the tubes can be reversed upon an opera 
tion of the pair, and resistance network con 
nections between the anodes of the tubes of a 
trigger pair and the control means of the tubes 
of another trigger pair for connecting the tubes 
in a Serial pattern in a ring, the trigger connec 
tions and resistance network connections con 
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trolling the controlling means of the tubes to 
render the pairs of tubes responsive to input in 
pulses one after another in sequence and to pro 
wide an over-bias on the remaining pairs of tubes 
at each stage of operation of the ring to prevent 
them from responding to input impulses im 
pressed on the control means and render the 
trigger pairs stable against misoperation; and 
means to impress input impulses on the control 
means of the tubes, each of which impulses is 
impressed on the control means of all the tubes 
and causes the pair which is responsive to 
operate. 
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