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1. 

This invention relates to a high-vacuum elec 
tron tube counting ring and more particularly 
pertains to a plurality of high-vacuum tubes 
which are operated sequentially in response to 
commonly-received electric potential impulses. 
The principal object of the invention is to pro 

vide a plurality of inore than two high-vacuum 
electron tubes connected in an endless operative 
chain. Whereby, because of circuit characteristics, 
but One tube of the ring may be conducting at 
any one time, and the tubes, when operated, are 
rendered conducting one at a time in endleSS 
chain sequence. 
Another object of the invention is to provide 

means whereby a plurality of more than tWO 
high-Vacuum electron tubes are rendered COn 
ducting in sequence one at a time in response 
to each of commonly-received electric potential 
inpulses. 
Another object of the invention is to provide 

an electron tube counting ring accumulator of 
data, utilizing more than two high-vacuum elec 
tron tubes aS data-representing devices, the tubes 
being connected in an endless operative chain 
whereby they are caused to be rendered operative 
One at a tine in endless chain Sequence, all the 
parts being stationary except electrons moved 
by differences in potential. 
Another object of the invention is to provide 

means whereby received electric impulses are 
divided by two and impressed upon the high 
vacuum electron tube counting ring, one impulse 
for every two impulses received, and means is 
further provided for determining, from the state 
of the dividing means and the state of the ring 
of electron tubes, the total number of received 
inpulses. 
Another object of the invention is to provide 

two sensing points for each tube of the counting 
ring, each of said points being affected by the 
associated tube aid by the dividing means to 
determine whether the conduction in a tube of 
the ring represents the first Or the Second im 
pulse received by the dividing means affecting 
Said tube. 
Another object of the invention is to provide 

a high-vacuun electron tube counting device 
having a ring of more than two tubes, said device 
being responsive to electric impulses received at 
any intervais greater than one twenty-five 
thousandth of a Second. 
Another object of the invention is to provide 

a novel method for accumulating and storing 
numerical data in a denominational System of 
numerical notation. 
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Another object of the invention is to pirovide 

two electron tube counting rings of different de 
nominational value and means to cauSe a Step 
of operation in One ring oin completion of a cycle 
of StepS in the other ring. 

It has been known how to connect, tWo high 
vacuum tubes in a trigger circuit for alternate 
Operation in response to commonly-received elec 
tric impulses, thus forming a ring of two tubes, 
but such circuits are not adaptable for more than 
two tubes. This invention provides for joining 
more than two tubes in an endleSS Operative 
chain, utilizing an entirely new type of circuit 
from What has hitherto been knoWn. 
In the disclosed embodiment of the invention, 

Which embodiment is not to be deemed to limit 
the broad principles of the invention, each of 
the tubes of the novel ring is designated to stand 
for two possible items of data. The condition 
of conduction of a tube signifies the registration 
of data, and consideration must be given to the 
conducting the and to the impulse-dividing 
means whereby to determine which of the two 
possible items of data, is represented by the con 
dition of the conduction of a particular tube. 
It Will be obvious that the counting ring tubes 
may also be used to represent Single items of 
data, by eliminating the dividing means. 

Five tubes have been provided in the disclosed 
ring, each of said tubes representing two adjacent 
digits in a denominational Order of the decimal 
System of numbers. For instance, a tube may 
represent '8' and “9,' or '9' and “O,' '0' and 
“1,” or '1' and “2, depending on whether '0' 
or '1' is deemed the starting point of the ring. 
If one tube represents the digits “0” and “1,” the 
next tube of the ring represents the digits ''2'' 
and '3.' The condition of conduction in a tube 
indicates that either of the two digitS it repre 
SentS is registered. The condition of the dividing 
means, as to which One of tWO possible conditions 
is prevailing, determines which of the two digits 
is registered. 

It is to be understood that the essential and 
underlying principle of the invention is to pro 
vide a circuit network for a plurality of more 
than tWo high-vacuuin electron tubes wherein 
Only one tube can be conducting at a given time 
and wherein the tubes may be made to be con 
ducting One at a time in Sequence in response 
to each of commonly-received electric potential 
impulses. The particular embodiment disclosing 
the invention pertains to counting or accumulat 
ing numerical data, using the decimal System. 

55. It is apparent, however, that the principles of 
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the invention go beyond the number of the tubes 
used in this disclosure and the designation given 
to them, and go beyond the idea of using a tube 
of the ring for representing two digits, the inven 
tion being capable of use in many Ways which 
will he apparent from the description which foll 
lows with reference to the drawing. 

he drawing represents a typical circuit net 
work, showing the impulse-dividing neans, the 
five-tube counting ring, and an indicator means 
for translating the condition of the tubes into 
the deciinal system of numerical notation. 

General description. 
In the disclosure of the invention, a source of 

electric impulses to be counted must be specified, 
and, for the particular embodiment herein dis 
closed, a source of sine wave impulses is chosen, 
which Wave source is indicated conventionally as 
being impressed on terminals 29 and 2. All po 
tentials given are relative to ground potential. 
Cathode heaters are shown conventionally. Ter 
minal 2 is grounded. Terminal 2 is coupled 
through capacitor 22 to the control grid 23 of 
vacuum amplifier tube 24, as, for instance, an 
“1852' type of pentode, having a grounded cath 
Ode 28. The grid is negatively biased far beyond 
cut-off by being connected through resistor 25 
of 50,000 ohms to potential divider resistance 2 
connected between ground and a conductor 2. 
given a negative potential of 180 volts. 
anode 30 is connected through point 3 and re 
sistor 32 of 25,000 ohms to conductor 33 given a 
potential of 120 volts positive. The screen grid 
34 is coupled to ground through a capacitor 35 of : 
4 microfarads and connected through resistor 3 
of 50,000 ohms to the 120-volt positive conductor 
33. The suppressor grid 37 is grounded. Under 
these conditions, point 3, due to resistor 32, 
drops in potential for each sine Wave of over 15 
volts impressed on terminals 20 and 2 ?, as tube 
24 is rendered conductive during a portion of 
the positive half of the Sine Wave. 
The negative potential impulses impressed on 

point 3, each of which represents a sine wave, 
are fed through capacitors 38 and 39, of 10 
micro-microfarads each, to the control grids 4 
and 4 of vacuum tubes T and T2 respectively, 
Said tubes being pentode amplifiers which may 
be of the '1852' type mentioned, arranged in a 
trigger circuit by conductively coupling the anode 
of each tube to the control grid of the other tube 
of the pair. Upon receipt of a, commonly-re 
ceived negative potential impulse on the control 
grids 40 and 4, the tubes will stably assume a 
mode of operation in which one or the other of 
the tubes is conducting, awaiting the next com 
monly-received negative electric potential im 
pulse on their grids. Said stable mode of opera 
tion follows the receipt of the impulse, which 
impulse causes the conduction in the conducting 
tube to cease, which cessation in turn causes 
conduction in the other tube to commence, it 
being impossible to have both tubes conducting 
at the same time because of the nature of the 
coupling circuit. The cathodes A2 and 43 of the 
tubes T and T2, respectively, are grounded by 
being connected to conductor 29, as are the sun 
pressor grids 44 and 45. The anodes 48 and 49 
of tubes Ti and T2, respectively, are connected 
through resistors 46 and 4T, respectively, each of 
5,000 ohms, to the 120-volt positive conductor 33. 
The screen grids 55 and 56 of tubes T and T2, 
respectively, are connected to the 120-volt posi 
tive conductor 33. The anode 48 of tube T is 

4 
coupled through a resistor 50 of 50,000 ohms and 
a capacitor 5 of 50 micro-microfarads, in paral 
lel, to the grid 4 of tube T2. The grid 4 is 
connected through resistor 52 of 50,000 ohms to 
the 180-volt negative conductor 27. In a like 
manner, the anode 49 of tube T2 is connected 
through resistor 53 of 50,000 ohms and capacitor 
54 of 50 micro-microfarads, in parallel, to grid 49 
of tube T. Grid 40 is connected through re 
sistor 55 of 50,000 ohms to the 180-volt negative 
conductor 27. Under these conditions, on each 
negative impulse commonly impressed on grids 
40 and 4, the conducting tube, of tubes T and 
T2, will be rendered non-conducting, and the 
consequent rise in anode potential Will be in 
pressed on the grid of the other tube of the pair, 
causing it to conduct. Such trigger tube circuits 
are well known and comprise a two-tube vacuum 
electron tube counting ring. The negative po 
tential impulse occurring at the anode of either 
tube T or T2 when commencing to conduct is 
impressed on the grid of the other of the pair, 
keeping it more negative than the critical point, 
which is 20 volts in the type of tube used, until 
the mode of operation of the tubes is changed. 
From point 57, connected to anode 9 of tube 

T2, the change in potential caused by resistor A. 
each time tube T2 stops conducting is impressed 
through capacitor 56 of 10 micro-microfarads 

3() onto the control grid 5 of pentode amplifier 58, 
The 

4: 

st) 
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70 

which may be of the '6AG'7' type, said grid being 
normally negatively biased beyond the critical 
point of 30 volts by being connected through re 
sistor 59 of 50,000 ohms to the 180-volt negative 
conductor 2. Cathode 0 is connected through 
resistor 6 of 25,000 ohms to the 180-volt nega 
tive conductor 27 and is coupled to point 262 
through capacitor 62 of 4 microfarads. Screen 
grid 63 is connected to the 120-volt positive con 
ductor 33 through resistor 64 of 3,750 ohms and 
is grounded through capacitor 65 of 4 micro 
farads, Anode 66 is connected to the 120-volt 
positive conductor 33 through resistor 67 of 5,000 
ohms. Suppressor grid 68 is connected to the 
cathode. 
With the aforementioned connections, tube 53 

acts as an Overbia Sed amplifier responsive by 
conducting on each positive inpulse in pressed 
through capacitor 58, and hence responsive Once 
for each two sine Wave inapulses impressed on 
terminals 2 and 22 as tube T2 ceases conduct 
ing, thus constituting a means to divide the input 
sine Wave impulses by tWO. Tule to the resistance 
67 in the supply conductor for anode 66, there is 
a drop in potential at point 69 each time tube 
58 commences to conduct. The drop in potential 
of point 69 causes a sharp negative impulse to 
be impressed on conductor each time tube 58 
starts conducting. 
Tube T may be rendered conducting by 

grounding its grid 49 by temporarily closing 
switch Ti and then opening it. Hence, if tube 
Tl is thus rendered conducting, then, on the 
first sine Wave input impulse impressed on ter 
minals 20 and 2, tube Ti is rendered non-con 
ducting, and conduction commences in tube T2. 
On the Second Sine Wave input inpulse in 
pressed on terminals 2 and 2, tube T2 is ren 
dered non-conducting, conduction commences in 
tube T, and a sharp negative impulse is in 
pressed on conductor 79. 
Tubes “1,” cr2. '3. (4.' and 5' 3e high 

vacuum electron tubes of high mutual conduc 

s 
tance each having an anode, a cathode, a control 
grid, a screen grid, and an electrode connected 
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to the cathode for directing the electron flow to 
the anode efficiently. The '6Y6G' type of tube is 
satisfactory for use in the particular embodiment 
of the invention herein disclosed, but it will be 
apparent that the particular characteristics of 
the tube are not a fundamental part of the in 
vention and the invention is not limited in Scope 
by the type of tube, by the screen grid, by the 
electron-directing cathodes, or by the particular 
values of resistance and capacitance used with the 
tubes, as the essential operation may be accom 
plished by a triode vacuum electron tube having 
an anode, a cathode, and a control grid. 
The cathodes 72, 73, 4, 75, and 76 are con 

nected to ground conductor 29, and screen grids 
T7, 8, 9, 80, and 8 are connected to conductor 
82, which has a positive potential of 30 volts ap 
plied thereto. 
A capacitor 83 of 4 microfarads couples ground 

conductor 29 and the screen grid Supply conduc 
tOr 82. 
Each of the anodes 84, 85, 86, 87, and 88 is con 

flected through a 25,000-ohm resistor, numbered 
89, 90, 91, 92, and 93, respectively, to a 290-volt 
positive supply conductor 94. The anodes are 
connected with one another in an endless chain 
operative series by conductor 95, there being a 
25,000-ohm resistor in the conductor 95 between 
each two adjacent anodes of the Series. Thus, 
resistor 96 connects anode 84 of the '1' tube to 
anode 85 of the '2' tube; resistor 97 connects the 
anode 85 of the '2' tube to the anode 86 of the 
'3' tube; resistor 98 connects the anode 86 of the 
'3' tube to the anode 87 of the '4' tube; re 
sistor 99 connects the anode 87 of the '4' tube to 
the anode 88 of the '5' tube; and resistor 09 
connects the anode 88 of the '5' tube with the 
anode 84 of the “1” tube. Connecting each two 
adjacent anodes, and forming part of the re 
sistance mesh, are a pair of resistances, each of 
the pair being of 100,000 ohms value, resistors 
O6 and O7 joining the anodes of tubes '1' and 

“2,' resistors 08 and 09 joining the anodes of 
the tubes '2' and “3,' resistors and join 
ing the anodes of tubes “3' and “4” resistors f 12 
and 3 joining the anodes of tubes “4' and '5,' 
and resistors f4 and 5 joining tubes '5' and 
“1.' From the juncture of each of the last-named 
pairs of resistors-namely, points 25, 6, 7, 

8, and 9-is a connection through a resistor 
of 100,000 ohms, like resistors 20, 2, 22, 23, 
and 24, to a negative potential supply conductor 
25 of 320 volts, By connecting the anodes of 
the tubes “1,” “2.’ “3,’ “4,' and '5' in such an 
endless chain symmetrical resistance network 
formed of a ring of resistance loops, with the 
potentials given the supply conductor and with 
the tubes specified, a condition is set up whereby, 
if one of the tubes of the series “1,” “2,' '3' '4' 
and '5' is conducting, the network, at points 
symmetrical to the point of connection to the 
anode of the conducting tube, has certain corre 
sponding potentials due to the current flow 
through the conducting tube. The resistance 
network being symmetrical and the anodes of the 
tubes “1,” “2,' '3' '4' and '5' being joined to 
the network at points f0, O2, 03, 04, and 05, 
respectively, in a symmetrical manner, the pat 
tern of potential variations in the network ring 
is regular, but is stepped around the ring in Se 
quence as the tubes become conducting in se 
quence in response to the received impulses, as 
Will be explained. 

In the network ring of resistors, with no tube 
conducting, points like points 0, 02, 03, fo4, 
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6 
and 05 will have a positive potential of about 
247 volts. Such a possibility is non-existent, ex 
cept momentarily, in the circuit shown, as one 
tube will always be conducting due to the particu 
lar relative potentials used, one of the tubes be 
coming conducting accordingly as it has a 
tendency toward conductivity because of its vary 
ing in that manner from absolute perfection more 
than the other tubes. On application of poten 
tials to the supply conductors, and as one of the 
tubes becomes conducting before the others, there 
Will be caused, by reason of the current flowing 
through the tube, a readjustment of potentials 
of points 0, C2, 03, 04, and 05. Assuming 
that the '3' tube is conducting, which may be 
assured by temporarily closing switch 26, thus 
grounding grid 27, with the particular operat 
ing potentials applied to the supply conductors, 
the potential of point 03 and the anode 86 of 
the '3' tube will be about 7 volts positive with 
relation to the grounded cathode 74, as the in 
ternal potential drop of a "6Y6G' tube is about 
7 volts. 
The potential of points 02 and 04, representa 

tive of the anodes 85 and 8 of the tubes '2' and 
“4” respectively, will become about 122 volts posi 
tive, and the potential of points O and 05, 
representative of the anodes 84 and 88 of the 
tubes '1' and '5' respectively, will become about 
160 volts positive. Under these conditions, point 

9, connected to grid 27 of the '3' tube by 
means of conductors 28 and f29, assumes the 
potential of ground, rendering tube “3' highly 
conducting. At the same time, the potential of 
the control grid of tube '1' is the same as point 
fi, being connected thereto by conductors 263 
and 264, which point is 60 volts negative with 
respect to ground; the grid of tube '2' is of the 
Same potential as point 8, being connected 
thereto by conductors 265 and 2S6, which point 
8 is 14 volts negative with respect to ground; 

the grid of tube “4” is of the same potential as 
point 25, being connected thereto by conductors 
267 and 268, which point 25 is 14 volts negative 
With respect to ground; and the grid of tube “5' 
is of the same potential as point 6, being con 
nected thereto by conductors 269 and 270, which 
point f6 is 60 volts negative. Thus, the two tubes 
adjacent in both directions in the sequence to 
the conducting tube have their grids nearer the 
critical point, which point is about 10 volts nega 
tive, than the grids of the tubes farther away in 
the sequence. 
The input conductor i0, as explained, carries 

a negative potential impulse each time tube 58 
is conducting, which impulse is impressed 
through capacitors 30, 3, 32, 33, and 34, 
each of 50 micro-microfarads capacity, onto the 
grids of all of the tubes “1,” “2,” “3,' '4' and 
'5' simultaneously. The attenuated input neg 
ative impulses impressed on the control grids 
are of about 20 volts. A negative impulse im 
pressed on conductor 7 as the '3' tube is con 
ducting will render the '3' tube non-conducting, 
and the consequent positive potential surge at 
point 103 will be impressed on capacitors 35 
and 36, each of 50 micro-microfarads capacity. 
The positive potential surge cannot cause con 
duction between anode 39 and cathode 37 of 
double diode rectifier tube 40, which may be 
of the “6H6' type, because it is of the wrong 
polarity, and the surge is attenuated as it passes 
through resistor 38 of 1 megohm, so it does not 
cause enough of a positive potential impulse On 
the grid 4 of the '2' tube, to which resistor 38 
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is connected, to cause tube '2' to conduct. The 
positive potential Surge through capacitor 36 is 
impressed on anode 42, causing a positive po 
tential Surge at point 43 of 40 volts, due to 
resistor 20, which surge makes the grid 45 of 
the '4' tube more positive than the critical point, 
thus causing the '4' tube to become conducting. 
As tube '4' becomes conducting, point C4 has a 
potential Surge toward the negative from 22 
Wolts positive to 7 volts positive. This negative 
Surge is impressed. On capacitors 4 S and 47, 
causing conduction to occur between cathode 48 
and anode 49, causing a strong negative poten 
tial impulse to be impressed on grid 27 of tube 
“3,' preventing it from again conducting due to 
the change in potential of point 2 from 122 
volts positive to 160 volts positive which is im 
pressed on grid 27 by way of the associated 
rectifier tube. Thus, the potential surges in the 
anodes of the tubes “1,” “2,' '3,’ “4,' and '5' 
are utilized in conjunction with the rectifiers to 
cause the Sequential operation to be in one direc 
tion only. 
On the next negative potential impulse re 

ceived commonly by the tubes “1,” “2.’ “3,’ “4,' 
and '5,' the '4' tube will be rendered non 
conducting, and the '5' tube will be rendered 
conducting. After the '5' tube, the '1' tube 
will be rendered conducting. This will occur in 
endless chain sequence, the endless chain of 
tubes being receptive and accurately responsive 
to more than 12,500 steps of operation per sec 
ond with the values of resistors and capacitors, 
the type of tubes, and the potentials disclosed. 
This means that 25,000 potential impulses per 
Second may be fed into terminals 29 and 2, 
and the State Of the tubes T and T2 in con 
junction with the state of the tubes “1,” “2,' 
“3,' '4,' and '5' may be sensed to accurately 
count up to ten the number of potential in 
pulses received at a frequency of 25,000 per 
second. 

It is apparent that another ring of tubes like 
tubes “1,” “2,” “3,’ “4,' and '5' may be actu 
ated in conjunction with another impulse divider 
like tubes Ti and T2 wherey they are made to 
Operate a step in sequence each time the ring 
shown in the drawing completes Cne Sequential 
cycle. As the input to tubes of a trigger cir 
cuit, like tubes T. and T2 requires a negative 
electric potential impulse for a step of operation, 
a conductor connected to point will have 
impressed thereon a negative impulse each time 
tube '1' begins to conduct, and such negative 
impulse may be utilized for actuating another 
ring by one step by being connected to a point 
corresponding to point 3A. Other rings may be 
connected to the proposed second ring in order 
to obtain a plural denominational system of any 
number. As many rings may be used in Series 
as are required for the particular purpose for 
which the system is to be adapted. 
The means for sensing the condition of the 

divider tubes T and 2 and the Counting ring 
tubes “1,” “2,” “3,' '4,' and “5” comprises a 
resistance network for each counting ring tube, 
one part of each of the resistance netWorks being 
connected to the anode of tube T and the 
other part of each of the resistance networks 
being connected to the anode potential of tube 
T2, and the mid-part of each of the resistance 
networks being affected by the anode potential 
of the associated counting ring tube. Point 5, 
having the potential of anode 84 of tube "1,' 
is connected through resistor 5 of 1,500,000 
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ohms, point 54, and resistor 52 of 500,000 
ohms to conductor 53, which is connected to 
the point 79. Point, 59 is also connected 
through resistor 55 of 1,500,000 ohms, point i56, 
and resistor 8 of 500,000 ohms to conductor 
18, which is connected to the point 5. Each 
of the points 59, 60, SA, and f S2 is connected 
to conductors 53 and 8 in the same manner 
as has been explained for point 58. From 
point 54 a conductor 63 extends to a '1' con 
tact G4 on a commutator 65, and from point 
56 a conductor 66 extends to a '2' contact 
76 on commutator 65. Point is connected 

through resistor f of 850,000 ohms to a 400 
volt negative terminal T2 and is connected 
through resistor 73 of 500,000 ohms to point 
14, which has the same potential as anode 48 

of the tube T, and conductor 3 is connected 
to point 15, which point is connected through 
resistor 6 of 850,000 ohms to a terminal of 
400 volts negative potential and is connected 
through resistor 7 of 500,000 ohms to point 
57, which has the potential of the anode 9 

of the tube T2. 
If the “1” tube is conducting, its anode 84 Will 

be at 7 volts positive potential, and, if it is not 
conducting, it will be at 122 volts or 160 volts 
positive potential. If, while the '1' tube is con 
ducting, tube T is conducting, anode 84 there 
fore being about 7 volts positive potential, then 
point 54 and contact f64 will be about 17 volts 
negative potential. If tube T is not conducting, 
then its anode is about 90 volts positive, and 
point 54 will be at 2 volts positive potential, 
Whereas point 56 Will be at 17 volts negative 
potential because tube T2 is conducting and its 
anode is at 23 volts positive. If point 50 were 
at 122 or 160 volts positive potential, as Would be 
the case if tube '1' were not conducting and T 
were conducting, then points 54 and 56 would 
be 12 volts positive and 21 volts positive potential 
respectively. Consequently, the most negative 
contact or 2 on commutator 65 represents the 
registered number. The same changes in poten 
tial toward the negative Will occur on the other 
contacts of the commutator if the associated tube 
of the ring is conducting. 
Wacuum tube 68 having a grounded cathode 

is of the same type as tube '1' having a critical 
grid potential of 10 volts negative, and conse 
quently, when sensing arm 69 is caused to move 
over commutator 65 by means of friction drive 
27, which moves axle 7 (indicated by the 
dotted lines), if a contact is sensed having such 
Critical potential or a potential more negative 
than the critical potential, conduction will stop 
in the tube 68, deenergizing solenoid 90 nor 
mally energized by conduction through tube 68, 
which allows the Spring 8 to move the pawl 8 
So as to stop the sensing arm 69, the wheel 
indicator 82, and the axle ill, to which the 
Wheel and the Sensing arm are Secured, against 
the action of friction drive 27 f, thus positioning 
the indicator wheel 82 corresponding to the 
position of the sensing arm 69, and consequent 
ly not only indicating which of the tubes “1,” 
“2,’ “3,' '4,' and '5' is conducting, but also 
indicating which of the tubes T and T2 is then 
conducting. The change of potential of the 
commutator contacts, such as contact 64, when 
they are no longer sufficiently negative causes 
conduction to commence in tube 68, which re 
tracts pawl 8, causing arm 69 to hunt another 

5 contact of the proper negative potential, and no 
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contact has the proper potential unless the two 
tubes aSSociated thereWith are conducting. 

It is thus possible, by the impression of Sine 
waves upon the terminals 20 and 2 in any num 
ber up to ten, to differentially actuate the tubes 
“1,” “2,’ “3,’ “4,' and '5' in conjunction with 
the tubes Ti and i2 so as to count and indicate 
the exact number of Sine Waves received. The 
Waves may be impreSSed upon the terminals 20 
and 2 at regular or irregular intervals and at 
frequencies as great as 25,000 per Second. It has 
also been described how to construct a plural 
denominational high-vacuum tube counting de 
vice for accommodating larger accumulations of 
data. 
Although the circuit is shown for operation by 

an input of Sine Waves, it is perfectly apparent 
that any means of actuating tube 24 or impress 
ing the proper potential impulses on point i57 or 
on conductor 70 is within the scope of the inven 
tion, and it is to be further noted that the kind 
of tubes used, the particular values of potentials 
and Values of circuit elements employed, or the 
impulse dividing means shown are not limiting 
factors as to the high-vacuum tube counting ring, 
but merely show one practical embodiment of 
the invention. This and other embodiments of 
more or fewer tubes in the ring are within the 
Scope of the invention as Set forth in the claims 
which follow. 
What is claimed is: 
1. In combination, a plurality of more than 

two anode-cathode electrode pairs each in a vac 
uum; means Supplying Operating energy to the 
electrode pairs, Said means including a ring of 
resistors, means connecting the anodes to sym 
metrical points in the ring, and resistance con 
nections from Said points to a common source 
of electric potential; and a control means for 
each of the electrode pairs each joined to the 
ring of resistors at a point diametrically oppo 
site to the associated anode connection. 

2. In combination, a plurality of more than 
tWO high-vacuum electron tubes each having an 
anode, Cathode, and a COntrol grid; a ring of 
resistors; means connecting the anodes to sym 
metrical points in the ring in Sequence; resist 
ance connections from said points to a common 
Source of electric potential, the act of conduc 
tion in a tube causing a Symmetrical variation 
of potential in the ring of resistors; means for 
initiating conduction in a tube; means connect 
ing each control grid to a place in the ring of 
resistors whereby if conduction in any tube oc 
curs the grids of the other tubes Will be so strong 
ly potentially biased that no conduction can oc 
cur therein and Whereby one and only one tube 
will always be conducting; means for causing 
Conduction to cease in any conducting tube, the 
change in potentials around the ring of resistors 
causing the next adjacent tube in the series to 
become conducting; and means furnishing a po 
tential impulse to the control grid of the tube 
next in the sequence to the tube rendered non 
Conducting to aid its commencement of conduc 
tion. 

3. In combination, a plurality of more than two 
high-vacuum electron tubes each having an 
anode, a cathode, and a control grid; means for 
supplying cathode energy to the tubes; common 
electric network means comprising a Symmetrical 
network of resistors arranged in a ring for Sup 
plying anode energy to the tubes, Said anodes 
being connected to the ring Serially in Symmetry, 
the condition of conduction in a certain tube 
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10 
causing a corresponding symmetrical Set of po 
tentials at the anode connection points in the 
ring; means for initiating conduction in a tube; 
Ineans connecting each control grid to a place in 
the ring Whereby if conduction in any tube oc 
CurS the grids of the other tubes Will be So strongly 
potentially biased that no conduction can occur 
therein and Whereby one and only one tube will 
always be conducting; means fol' causing con 
duction to cease in any of the tubes, the change 
in potentials of the ring of resistol'S causing the 
next adjacent tube in the Series to become con 
ducting; and means electroStatically coupling the 
anode of a tube and the control grid of the tube 
next in Series thus aiding the Sequential opera 
tion of the tubeS. 

4. In combination, a plurality of high-vacuum 
electron tubes each having an anode, a cathode, 
and a control grid; means to Supply cathode po 
tential to the tubes; common means including a 
Symmetrical mesh of resistors for Supplying anode 
potential to the tubes, Said anodes being con 
nected Symmetrically therethrough to the Source 
of potential, means for biasing the grids of the 
tubes with a potential normally preventing con 
duction through the tubes, Said biasing means in 
cluding connections of the grids to Syrimmetricai 
points in the mesh of resistors So that if a tube 
is conducting the grids of the other tubes will 
be given a potential more negative than inormal 
but those two tubes immediately adjacent to the 
conducting tube aS regards their anode connec 
tions to the resistor mesh being given less addi 
tional negative potential than the grids of the 
other non-conducting tubes; and means coupling 
the anode of each tube to the grid of each of the 
adjacent two tubes So that When conduction coin 
mences in a tube it causes a sharp negative po 
tential impulse to be impressed on the grid of 
One of the adjacent tubes and when conduction 
ceases in a tube it causes a sharp positive poten 
tial impulse On the grid of the other of the ad 
jacent tubeS. 

5. In combination, a plurality of high-vacuum 
electron tubes each having an anode, a cathode, 
and a control grid; means to Supply cathode 
potential to the tubes; common means including 
a Symmetrical mesh of resistors for supplying 
anode potential to the tubes, Said anodes being 
connected Symmetrically therethrough to the 
Source of potential; means for biasing the grids 
of the tubes with a potential of a value nor 
mally preventing conduction through the tubes if 
another tube is conducting, Said biasing neans 
including coninections of the grids to symmetrical 
pointS in the mesh of resistors so that if a tube 
is conducting the grids of the other tubes will be 
given a potential more negative than normal but 
those two tubes immediately adjacent to the coin 
ducting tube as regards their anode connections 
to the resistor mesh being given less additional 
negative potential than the grids of the other 
non-conducting tubes; means connecting the 
anode of each tube to the grid of each of the 
adjacent two tubes So that when conduction com 
mences in a tube it causes a sharp negative po 
tential impulse to be impressed on the grid of 
one of the adjacent tubes and when conduction 
ceases in a tube it causes a Sharp positive poten 
tial impulse On the grid of the other of the ad 
jacent tubes; and means to impress a negative 
potential impulse on the grids of all the tubes 
Sufficient to stop conduction in any conducting 
tube thereby causing the adjacent tube Whose 
grid receives the positive potential impulse to 
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commence conduction and in turn cause a nega 
tive potential impulse on the grid of the tube that 
Stopped conduction. 

6. In combination, a plurality of more than two 
high-vacuum electron tubes each having an 
anode, a cathode, and a control element; a com 
non electric energy Supply means for the anodes 
of said tubes including a network of resistorS. 
arranged in a ring to which the anodes are Syn 
metrically connected forming an endless opera 
tive chain; means connecting each anode through 
a resistance to a common anode potential Source; 
and means electrostatically coupling each anode 
to the control elements of the tubes immediately 
adjacent in the sequence, Said means including a 
rectifier and capacitor in Series in each coupling 
so that positive potential Surges in an anode are 
conveyed to the control element in the tube next 
in the operative sequence and so that negative 
potential surges of an anode are conveyed to the 
control element of the tube preceding in the Op 
erative Sequence. 

7. In combination, any plurality of more than 
two anode-cathode pairs; a control means for 
each pair; means to supply cathode energy to 
the pairs; means to supply anode and control 
energy to the pairs, Said means including a ring 
of resistors to which the anodes and the aSSO 
ciated control members are symmetrically elec 
trically connected, an anode and its control mem 
ber being diametrically connected to the ring; 
and a resistance connection between each anode 
and a common Source of anode potential. 

8. In combination, a series of resistors con 
nected in a ring; resistance means connecting 
Symmetrical points in the ring to a common 
anode potential supply conductor, there being two 
resistors between each - two adjacent anodes; a 
plurality of high-vacuum electron tubes Con 
Inected by their anodes to Said points and con 
nected by their cathodes to a source of cathode 
potential; means connecting the jointure of each 
two inter-anode resistors to a source of negative 
potential; a control element for each tube con 
nected to the jointure between the two resistors 
farthest away in the ring from the point to which 
the associated anode is connected; and a common 
input conductor coupled to each control member. 

9. In combination, a plurality of electron 
tubas; circuits connecting the tubes So that they 
are operated one at a time in Sequence in re 
sponse to each of a plurality of electric impulses 
commonly impressed on said tubes at regular or 
irregular intervals; means to divide the number 
of introduced impulses by two, Said dividing 
means producing an output impulse for every two 
introduced impulses; means to impreSS the Out 
put of said impulse divider on said tubes So as to 
cause a step of sequential operation for each two 
produced impulses; two sensing stations for each 
tube and means to couple the tubes, the Sensing 
stations, and the dividing means whereby it may 
be determined which one of the introduced in 
pulses is represented by the state of conduction 
of any tube of the plurality, Said means including 
a resistance network affected by the State of Con 
duction in the tubes of the sequence and by the 
state of the dividing means which determines 
the electric potential at various points in Said 
resistance network. 

10. In combination, two high-vacuum electron 
tubes arranged in a trigger circuit so that but one 
tube of the two may be conductive at any one 
time and whose mode of operation may be 
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12 
impressed thereon; a high-vacuum electron tube 
relay caused to conduct each time the tubes of the 
trigger circuit changes to a particular mode of 
operation, the act of conduction of said last 
named tube causing a negative electrical poten 
tial impulse, each of said last-named impulses 
representing tWO of the impulses in pressed on the 
trigger pair; a plurality of electron tubes arranged 
in a circuit for operation in endless chain se 
quence one at a time, which tubes are caused to 
operate Step by Step in response to each of re 
ceived negative electric potential impulses; means 
to impress the trigger pair produced negative in 
pulses on said tubes Whereby each step of opera 
tion of the endless chain represents two of the 
impulses inipiessed on the trigger pair; and means 
coupling the tubes of the endless chain of tubes 
and the two trigger connected tubes in a resist 
ance network so that the state of conduction of 
one tube of the endless chain and of one or the 
other of the trigger tubes causes a sensible change 
in potential at one or the other of associated 
points in the resistance network. 

11. In coimbination, means for converting in 
troduced sine Wave electric potential impulses into 
negative electric potential impulses; two high 
vacuum electron tubes arranged in a trigger cir 
cuit so that but one tube of the two may be con 
ductive at any One time and Whose mode of oper 
ation may be changed by each of the negative 
impulses produced by the converting means; a 
high-vacuum electron tube relay caused to con 
duct each time the tubes of the trigger circuit 
changes to a particular mode of operation, the 
act of conduction of Said last-named tube causing 
a negative electrical potential impulse in an out 
put circuit, each of said last-named impulses rep 
resenting two of the impulses from the sine wave 
Source; a plurality of Vacuum electron tubes ar 
ranged in a circuit for operation in endless chain 
sequence one at a time, and caused to operate 
step by step in response to each of received nega 
tive electric potential impulses; means to impress 
the relay produced negative impulses on said 
tubes whereby each step of operation of the end 
less chain represents two of the introduced sine 
Wave impulses; and lineans to couple the tubes of 
the endless chain of tubes and the two trigger 
connected tubes in a resistance network whereby 
the state of conduction of one tube of the endless 
chain and of one or the other of the trigger tubes 
cause a sensible change in potential in one or the 
other of tWo associated points in the network, 

12. In combination, a plurality of high-vacuum 
election tubes connected in an endless operative 
chain wherein they are rendered conductive one 
at a time in sequence in response to each of com 
monly-received electric impulses; an electric im 
pulse dividing means including two electron tubes 
which are rendered conductive in alternate Suc 
cession and either of which electron tubes may be 
conductive at the same time any one of the high 
vacuum electron tubes is conductive; two electric 
terminals associated with each of the high-vac 
uum tubes, one of said terminals being associated 
with a high-vacuum tube and one of the afore 
said two electron tubes and the other terminal 
being associated With the high-vacuum tube and 
the other of said two electron tubes; means con 
necting said terminals to said associated tubes, 
said means including resistances in Said connec 
tions so that the potential of a terminal Will 
change when the associated tubes change their 
state of conduction; and means automatically 

changed by each of negative potential impulses 75 exploring the terminals for One whose potentialis 
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determined by the conducting condition of the 
tWO tubes associated thereWith. 

13. In combination, a plurality of high-vacuum 
electron tubes connected in an endless operative 
chain. Wherein they are rendered conductive one 
at a time in sequence in response to commonly 
received electric impulses; an electric impulse 
dividing reans including two electron tubes 
Which are rendered conductive in alterinate Suic 
cession by received electric impulses and either of 
which electron tubes may be conductive at the 
same time any one of the high-vacuum electron 
tubes is conductive; two electric terminals asso 
ciated With each of the high-vacuum tubes, one 
of said terminals being aSSociated with a high 
Vacuum tube, and one of the aforesaid tWo elec 
tron tubes and tile other terminal being associ 
ated With the high-vacuum tube and the other of 
Said tWO electron tibes; means connecting said 
terminals to their associated tubes so that the 
potential of a terminal Will indicate Whether both 
the associated tubes are conducting or not; means 
automatically exploring the terminals for One po 
tentially affected by conduction in both its asso 
ciated tubes; and means to stop the exploring : 
When the terminal is sensed that has a potential 
indicating the condition of conduction of both the 
associated tubes. 

14. In combination, a plurality of high-vacu 
um electron tubes each having an anode, a cath 
ode, and a control grid; means to supply cathode 
potential to the tubes; means including a Syn 
metrical mesh of resistors for Supplying anode po 
tential to the tubes, Said anodes being connected 
symmetrically therethrough to the Source of po 
tential forming an endless operative Sequence; 
means for biasing the grids of the tubes with a 
potential tending to prevent conduction through 
Said tubes, said biasing means including connec 
tions of the grids to Symmetrical points in the 4 
mesh of resistors So that if a tube of the plurality 
is conducting the grids of the other tubes Will be 
given a negative potential that prevents conduc 
tion in the associated tube, those tWo tubes inne 
diately adjacent to the conducting tube as regards 
their anode connections to the resistor mesh be 
ing given leSS negative potential than the grids 
of the other non-conducting tubeS; neans coul 
pling the anode of each tube to the grid of each 
of the adjacent two tubes of the sequence so that 
When conduction commences in a tube it causes a 
sharp negative potential impulse to be impressed 
upont, he grid of One of the adjacent tubes and 
when conduction ceases in a tube it causes a sharp 
positive potential impulse on the grid of the other 
adjacent tube; and means to impress a negative 
potential impulse on the grids of all the tubes 
Sufficient to stop conduction in any conducting 
tube thereby causing the adjacent tube whose grid 
receives the positive potential impulse to com 
mence conduction and in turn by its commencing 
to conduct causing a negative potential impulse 
to be impressed on the grid of the tube that 
stopped conduction. 

15. In combination, a plurality of high-vacuum 
electron tubes each having an anode, a cathode, 
and a control grid; means to supply cathode po 
tential to the tubes; means including a symmetri 
cal mesh of resistors for Supplying anode poten 
tial to the tubes, said anodes being connected 
Symmetrically therethrough to the source of po 
tential, forming an endless operative chain of 
tubes; neans for biasing the grids of the tubes 
With a potential tending to prevent conduction 
through said tubes, Said biasing means including 
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14 
connections of the grids to symmetrical points in 
the mesh of resistors So that if a tube is conduct 
ing, the grids of the other tubes will be given a 
negative potential that prevents conduction in 
the associated tube, those two tubes immediately 
adjacent to the conducting tube as regards their 
anode connections to the resistor inesh being 
given less negative potential than the grids of the 
other non-conducting tubes; means coupling the 
anode of each tube to the grid of each of the ad 
jacent tWo tubes of the sequence so that When 
conduction Commences in a tube it causes a sharp 
negative potential impulse to be impressed upon 
the grid of One of the adjacent tubes and when 
Conduction ceases in a tube it causes a sharp poS 
itive potential impulse to be impressed on the grid 
of the other adjacent tube; and means to impress 
a negative potential impulse on the grids of all 
the tubes sufficient to stop conduction in any con 
ducting tube thereby causing the adjacent tube 
whose grid receives the positive potential impulse 
to connence conduction and in turn cause a neg 
ative potential impulse on the grid of the tube 
that Stopped conduction; a high-vacuum elec 
tron amplifier tube having a resistance in its an 
Ode, which tube is caused to conduct at intervals; 
and means Connecting the anode of the amplifier 
tube to the impressing means. 

16. In combination, five high-vacuum electron 
tubes each having an anode, a cathode, and a con 
trol grid; means to supply cathode potential to 
the tubes; means connecting said five tubes in 
an endleSS operative chain series, said means in 
cluding a Symmetrical mesh of resistors for Sup 
plying anode potential to the tubes, said anodes 
being connected Symmetrically therethrough to 
the Source of potential and said means also in 
cluding means for biasing the grids of the tubes 
With a potential tending to prevent conduction 
through the tubes by connection of the grids to 
Symmetrically located points of the mesh of re 
Sistors and to a source of negative potential so 
that if a tube is conducting, the grids of the other 
tubes Will be given a potential more negative than 
normal and those two tubes immediately adja 
cent in the chain to the conducting tubes as re 
gards their anode connections to the resistor mesh 
Will be given less additional negative potential 
than the grids of the other non-conducting tubes 
Of the chain; means including couplings between 
the anode of each tube and the grids of each of 
the adjacent tWo tubes in the chain so that when 
conduction commences in a tube it causes a sharp 
negative potential impulse to be impressed on the 
grid of One of the adjacent tubes and when con 
duction ceases in a tube it causes a sharp positive 
potential impulse on the grid of the other of the 
adjacent tubes; means coupling the grids of all 
the tubes electrostatically to a common conduc 
tor; input terminals; means for causing a single 
negative potential impulse for each sine wave re 
ceived. On Said terminals; two high-vacuum elec 
tron tubes arranged in a trigger circuit; means 
for impressing the negative impulses on the trig 
ger circuit tubes so that each negative impulse re 
ceived changes the mode of operation of the trig 
ger circuit tubes; an amplifier electron tube hav 
ing a control grid; means to overbias the control 
grid to normally prevent conduction in the am 
plifier tube; means connected with one of the 
trigger tubes So that when said trigger tube ceases 
conducting a sharp positive potential impulse is 
impreSSed on the grid of the overbiased amplifier 
tube, causing it to conduct temporarily; a resist 
ance in the anode circuit of the anode conductor 
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of the overbiased amplifier; and means connect 
ing the anode of the overbiased amplifier to the 
electrostatic coupling means whereby the Series 
of the five tubes is caused to take a step in the 
sequential operation on each two received sine 
wave impulses. 

17. In combination, a plurality of electron 
tubes; circuits connecting the tubes so that they 
are Operated One at a time in Sequence in response 
to each of a plurality of potential impulses in 
pressed thereon; means having two modes of op 
eration to divide the number of introduced in 
pulses by two, said means changing its mode of 
Operation on each of introduced potential in 
pulses; means to impress an impulse on said tubes 
When the divider assumes a certain one of its 
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modes of operation SO as to cause a step of sequen 
tial operation for each two impulses introduced 
into the divider; a plurality of sensing Stations; 
and means including a resistance network cou 
pling each of the tubes and the dividing means to 
an aSSociated two of the Sensing stations SO that 
a particular one of the two sensing Stations rep 
resents and has an electric potential determined 
by the conduction in a tube and one of the modes 
Of Operation of the dividing means and the other 
Of the Sensing stations represents and has an elec 
tric potential determined by the conduction in the 
said tube and the other mode of operation of the 
dividing means. 

ROBERT. E. MUMMA. 


