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20 Claims. 
This invention relates to a counting system 

and has particular relation to an electronic sys 
ten for counting a plurality of moving articles. 

In counting slowly moving articles, a system 
including an electromagnetically operated regis 
ter energized once for each article under the 
control of a detecting mechanism, is often em 
ployed. However, when the articles are moved 
at high Speeds past the detecting mechanism, the 
register cannot become deemergized between the 
detection of successive articles. To avoid faulty 
Operation of the register and permit the articles 
to be moved at high speeds, an electronic count 
ing System is interposed between the detecting 
mechanism and the register. The electronic 
System counts each article, but it operates the 
register only once for a predetermined number 
of articles. For example, the register may be 
operated once for each four articles, so that the 
speed of the moving articles may be four times 
that permissible when the register is operated 
once for each article. 
An electronic counting System constructed in 

accordance with the teachings of the prior art 
employs a plurality of electric discharge devices 
of the arc-like type. The detecting mechanism 
is arranged to supply a potential impulse for 
each article to render the discharge devices con 
ductive in Succession. Each time an impulse is 
supplied, another discharge device is rendered 
conductive. When all of the discharge devices 
become conductive, the register is energized and 
the system is reset for another cycle of operation. 
It is then evident that the number of articles 
which may be counted in One cycle of Operation 
is limited by the number of discharge devices 
in the system. From another viewpoint, the 
number of discharge devices provided must equal 
the number of articles to be counted in each cycle for any particular application. 

It is to be noted that electronic counting Sys 
tems of the type described operate satisfactorily 
in counting the number of articles passing a 
given point or other events which result in a 
supply of impulses from the detecting mecha 
nism at such high speeds that several impulses 
must be included in each cycle of operation. The 
electronic counting system may also be employed 
to operate apparatus other than a register, such 
as apparatus for separating articles into groups 
for packaging purposes. In many possible ap 
plications of the electronic system, the advantage 
which may be obtained from high speed opera 
tion is offset to a large extent by the expense of 
providing a discharge device and its control 
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circuits for each article or event to be counted 
in a single cycle. 

It is accordingly an object of our invention to 
provide an electronic counting system in which 
the number of events which can be counted 
thereby in one cycle of operation is considerably 
greater than the number of electric discharge 
devices employed in the system. 
A more general object of our invention is to 

provide a new and improved electronic counting 
System. 
Another object of our invention is to provide 

an electronic counting system in which at least, 
Several of the electric discharge devices are 
Operated a plurality of times in each counting 
cycle. 
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An ancillary object of our invention is to pro 
vide a novel circuit for controlling a series of 
electric discharge valves. 
More Specifically, it is an object of our inven 

tion to provide apparatus for operating a work 
device upon a certain event occurring a prede 
termined number of times. 

In accordance with our invention, a series of 
electric discharge devices of the arc-like type, 
preferably thyratrons, are connected in parallel 
Circuits across a source of direct current. These 
devices may be designated as counting thyra 
trons. Control circuits for impressing a biasing 
potential on each counting thyratron to main 
tain it non-conductive are so arranged that the 
biasing potential on each thyratron after the first 
in the Series is greater than the biasing potential 
on the preceding thyratron. A detecting mech 
anism is provided to impress a potential im 
pulse in the control circuits of the counting thy 
ratrons each time the event to be counted oc 
curs. Each potential impulse supplied from the 
detecting mechanism is of such polarity as to 
oppose the biasing potentials of the counting 
thyratrons, but is of, such magnitude as to 
overcome the biasing potential of the first thy 
ratron only, to render it conductive. However, 
as each thyratron becomes conductive, the cur 
rent flowing therethrough causes the biasing 
potential on each of the succeeding thyratrons 
to be reduced. The values of the biasing poten 
tials are such that each thyratron is rendered 
conductive by the next impulse when all of the 
preceding thyratrons are simultaneously con 
ductive. Each thyratron is also interconnected 
with the succeeding thyratron of the series by 
coupling means which is operable momentarily 
as a thyratron is rendered conductive to render 
all of the preceding thyratrons non-conductive.   



2 
However, the coupling permits each thyratron 
to remain conductive while all of the preceding 
thyratrons are again rendered conductive in the 
prescribed manner. Thus, after the first thyra 
tron is conductive, the second thyratron becomes 
conductive and the first thyratron is extin 
guished. The first thyratron must be rendered 
conductive again before the third thyratron may 
become conductive. As the third thyratron be 
comes conductive, the first and Second thyra 
trons are extinguished. It is obvious that three 
more impulses are required to render the first 
and second thyratrons simultaneously conduc 
tive, the third thyratron having remained con 
ductive. This order of operation is continued 
until all of the counting thyratrons are simul 
taneously conductive. 
A clearing device, which is also preferably a 

thyratron, is connected across the Source of direct 
current in parallel with the counting thyratrons. 
The clearing thyratron is associated with the 
control circuits of the counting thyratrons in 
such a manner that it is rendered conductive by 
the next impulse when all of the counting thyra 
trons in the series are simultaneously conductive. 
The clearing thyratron is also coupled with the 
last thyratron in the series in such a manner that 
When the clearing thyratron is rendered conduc 
tive, all of the counting thyratrons in the series 
are rendered non-conductive. Another cycle of 
courting is then initiated by the next impulse. 
The clearing thyratron remains conductive until 
the last counting thyratron in the series is ren 
dered conductive, at which time the coupling 
between the last thyratron and the clearing valve 
causes the latter to be rendered non-conductive. 
An electromagnetically operated register is ar 
ranged to be energized each time the clearing 
thyratron becomes conductive. Since the clear 
ing thyratron becomes conductive only after all 
of the thyratrons in the series are simultaneously 
conductive, the register is energized once for each 
cycle of operation. 
The novel features that we consider character 

istic of our invention are set forth with particul 
larity in the appended claims. The invention 
itself, however, both as to its organization and its 
method of operation, together with additional 
objects and advantages thereof, will best be un 
derstood from the following description of a spe 
cific embodiment when read in connection with 
the accompanying drawing, in which: 

Figure 1 is a diagrammatic view illustrating a 
specific embodiment of our invention; and 

Fig. 2 is a table indicating the periods of con 
ductivity of the various discharge devices. 
As shown in Fig. 1, a plurality of articles 3 to be 

counted are carried on a conveyor belt 5 in the 
direction indicated by the arrow. A detecting 
mechanism, including a source of light and a 
photo-sensitive cell 9, is located on opposite sides 
of the conveyor belt. Power is supplied to the 
system from a source of alternating current 
through a transformer 3. One portion 5 of the 
secondary of transformer 3 is used to energize 
the light source 7. Another portion 7 of the 
Secondary is used to establish a direct-current 
potential across a voltage divider 9 through rec 
tifiers 2 and filter capacitors 23 connected in a 
manner familiar to those skilled in the art. 
Light from the source 7 normally impinges 

... upon the photo-sensitive cell 9, causing current 
to flow through a circuit extending from an inter 
mediate point 25 on the voltage divider 9 
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2,842,758 
through the cell 9 and a parallel circuit compris 
ing a resistor 27 on one side and a capacitor 29 
and resistor 3 on the other side to the negative 
terminal 33 of the divider. An amplifier 35, pref 
erably a pentode tube, has its anode 3 and its 
Cathode 39 connected between a positive terminal 
(3 and an intermediate terminal 43 of the divider 
through a resistor 45. The control circuit of the 
pentode 35 extends from its control electrode 47 
through resistor 3 to the negative terminal 33 of 
the divider and from the intermediate terminal 
43 to the cathode 39. While the photo-sensitive 
cell 9 remains conductive, the biasing potential on 
the control electrode it is such that the anode 
Cathode impedance of the pentode is low. How 
ever, when an article passes between the source 
of light and the cell 9, the latter becomes non 
conductive and capacitor 29 discharges through 
resistors 2 and 3. The current then flowing 
through resistor 3 develops a potential across 
the resistor 3 which causes the control electrode 
4 of pentode 35 to become more negative with 
respect to its cathode 39. As a result, the anode 
cathode impedance of the pentode 35 is greatly 
increased. 
A series of electric discharge counting devices 

49, 5 and 53, preferably thyratrons, are con 
nected in parallel circuits between the positive 
terminal 4 and the intermediate terminal 55 of 
the divider 9. A clearing device 57, also a thyra 
tron, is likewise connected between the positive 
terminal 4 and intermediate terminal 55 of the 
divider. When the first counting thyratron 49 is 
conductive, current flows from terminal 4 of the 
divider through a resistor 59, thyratron 49 and 
resistor 6 to terminal 55. When the second 
thyratron 5 is conductive, current flows from 
terminal 4 of the divider through resistor 63, 
thyratron 5 and resistor 65 to terminal 55. Cur. 
rent flowing from the divider through the third 
thyratron 53 passes through resistors 67 and 66, 
and current flowing from the divider through the 
clearing thyratron 57 passes through resistor 69 
and the operating coil 7 of an electromagnetic 
register 3 in parallel therewith. 
A pair of resistors 74 and 76 are connected in 

Series with each other between the intermediate 
terminal 55 and a more negative terminal 8 of 
the divider 19. The control circuit of the first thy 
ratron 49 may then be traced from grid 75 through 
grid resistor TT, a resistor 79, resistor 74 and re 
sistor 6 to the cathode 8. The control circuit 
of the Second thyratron 5? may be traced from 
its grid 83 through grid resistor 85, resistor 87 
and through a parallel circuit comprising a re 
Sistor 89 and resistor 61 on one side and a re 
sistor 9 and resistors 76 and 74 on the other 
side, and then through a resistor 65 to the cath. 
9de 93. The control circuit of the third 
thyratron 53 may be traced from its gridgs 
through a grid resistor 97 and through par 

lel circuits and resistor 66 to the cathode 
05. The first of the parallel circuits in the con. 

trol circuit of the third thyratron extends through 
a resistor 99 and parallel paths through resistor 
0 and resistor 65 on one side and resistor 03 
and resistors 6 and 74 on the other side. The 
second parallel circuit extends through a resistor 
0 and parallel paths comprising resistors 89 
and 6 on one side and resistors 9, 76 and 4 
on the other side. A careful consideration of the 
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control circuits of the counting thyratrons re 
veals that the biasing potential impressed be 
tween the grid and cathode of the second thyra 
tron 5 is greater than that between the grid 
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and cathode of the first thyratron 4. Likewise, 
the biasing potential between the grid and cath 
ode of the third thyratron is greater than the 
biasing potential of the second thyratron S. The 
control circuit of the clearing thyratron S is the 
same as that of thyratron 53, with the exception 
that the grid resistor 9 of thyratron S3 is re 
placed by the grid resistor 9 of the clearing 
valve St. 
As previously pointed out, the impedance of 

the pentode 35 is greatly increased each time an 
article interrupts the light passing from source 
to the photo-sensitive cell 9. The anode 87 of 
the pentode 3 is connected to the grids of count 
ing thyratrons 49, 5 and and clearing thyra 
tron 57 through capacitors f and the corre 
sponding grid resistors. The Cathode 9 of the 
pentode 5 is connected to the cathode of count 
ing thyratron 49 which in turn is connected to the 
cathode of thyratron S through capacitor , 
the cathode of thyratron S also being connected 
to the cathode of thyratron 5 through capaci 
tor 4. The functions of capacitors and 4 
will be described hereinafter. Thus, the increase 
in the potential appearing across the pentode 5 
which occurs as its impedance is increased, is 
impressed as an impulse between the grid and 
cathode of each of the counting thyratrons 49, Sl 
and 53 and the clearing thyratron 5. The po 
tential impulse derived from the pentode 5 is of 
such polarity as to oppose the biasing potentials 
of the counting thyratrons and the clearing thy 
ratron, but is of such magnitude as to overcome 
the biasing potential of the first thyratron 49 
only. However, current flowing through the first 
thyratron 49 after it is rendered conductive by 
an impulse passes through resistor 6, which is 
in the control circuit of the second thyratron 5. 
A potential is then developed across the resistor 

which reduces the biasing potential on the 
second thyratron 5 so that it is rendered conduc 
tive by the next impulse from the pentode 35. 
The potential developed across the resistor is 
when the second thyratron S is conductive and 
the potential developed across resistor if while 
the first thyratron 49 is conductive, together, re 
duce the biasing potential of the third thyratron 
53 so that it is rendered conductive by the next 
impulse when the first and second thyratrons are 
simultaneously conductive. 
A capacitor 5 and an asymmetric conductor 

are connected in series between the anode of 
the first thyratron 49 and the anode 2 of the 
second thyratron 5. The asymmetric conductor 
comprises a dry rectifier T connected to offer 
a low resistance to current flowing toward the 
anode 2 of the second thyratron 5, and a re 
sistor 23 connected in parallel with the rectifier 
to offer a high resistance to current flowing to 
ward the first thyratron 49. The resistor 2 
may be eliminated if a rectifier having the cor 
rect back resistance is employed. While the first 
thyratron 49 is conductive, the capacitor 5 is 
charged with its negative plate connected to the 
anode 9 of the first thyratron by current flow 
ing through resistors 63 and 23, the capacitor 
and the first thyratron. Upon the Second thyra 
tron is becoming conductive, the positive plate 
of capacitor 5 is connected through the low 
resistance of rectifier T and thyratron 5 and 
capacitor it 3 to the cathode 8 of the first thyra 
tron 49. As a result, the first thyratron 49 is ren 
dered non-conductive. When the next impulse 
is received from the pentode 35, the first thyra 
tron 49 is again rendered conductive. In the 

O 

5 

20 

30 

35 

40 

45 

50 

5 5 

3 
meantime, capacitor f has been charged in the 
opposite direction. However, the second thyra 
tron S is not rendered non-conductive when the 
first thyratron again becomes conductive, be 
cause the high resistance of resistor 23 prevents 
capacitor f is from applying sufficient potential 
between the anode 2 and the cathode 3 of the 
second thyratron 5 to extinguish it. 
A capacitor 25 and dry rectifier 27 with re 

sistor 29 in parallel therewith, are connected 
between the anodes of the second and third 
thyrations in the same manner in which capac 
itor 5, rectifier 7 and resistor 23 are con 
nected between the anodes of the first and sec 
Ond thyratrons. It is then apparent that when 
the first and second thyratrons are simulta 
neously conductive, the charge on capacitor if 
approaches zero while capacitor 25 is charged 
with its negative plate connected to the anodes 
of the first and second thyratrons. Upon the 
third thyratron becoming conductive, the di 
rection of low resistance of rectifiers and 
27 permit the potential of the capacitor 2S to 
be placed across the anode and cathode of 
both the first and second thyratron to render 
them non-conductive. The resistor 29 prevents 
the third thyratron from being rendered non 
conductive while the first and second thyratrons 
are being rendered conductive again. 
The clearing device 5 has its anode 3 

coupled to the anode 33 of the third thyratron 
53 by a capacitor 35. Capacitor 35 acts in a 
nanner similar to capacitor 25 to extinguish 
the first, second and third thyratrons as the 
clearing device is rendered conductive. However, 
since a rectifier is not connected between the 
anodes of the third thyratron and the clearing 
thyratron, the latter is rendered non-conduc 
tive when the third thyratron again becomes 
conductive. 

Capacitor f45 is a filter capacitor and the ca 
pacitors serve to keep the biasing potentials 
of the various thyratrons separated and to trans 
mit the potential impulses from the pentode 
to the grid and cathode of each thyratron. The 
capacitor 3 connected between the cathode of 
thyratrons 49 and 5 permits a small portion 
of the current flowing through thyratron 49 to 
pass through the resistor 65 in the cathode cir 
cuit of the succeeding thyratron 5. This cur 
rent develops a potential across the resistor S 
momentarily rendering the cathode 9 of the 
thyratron 5 more positive, thus preventing the 
thyratron 5 from being accidently rendered 
conductive by the sudden surge of current flow 
ing through the resistor 6 in its control cir 
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cuit when thyratron 49 first becomes conduc 
tive. Capacitor 47 also acts to reduce the effect 
of the surge in current through thyratron 49 on 
the control circuit of thyratron 5. Capacitor 
4 between thyratrons 5 and 53 and capac 

itor 49 operate in a similar manner. It is to 
be noted that the charges on capacitors 3 and 
ff 4 do not oppose the action of capacitors 
and 25. 
The operation of the system may be better 

understood by referring to the table of Fig. 2 
in connection with Fig. 1. To prepare the sys 
tem for operation push button switch 3T is 
momentarily closed to connect the potential 
source 39 between the grid 4 and cathode 8 
of the clearing thyratron to render it conduc- . 
tive and the register is thereafter set to zero. 
As each article 3 interrupts the light from source 
7 to the cell 9, the impedance of the pentode 

  



4. 
35 is momentarily increased. The potential ap 
pearing across the pentode 35 is transmitted to 
the control circuits of its thyratrons so that a 
plurality of articles interrupting light from the 
source 7 causes a series of potential impulses 
to be transmitted to the control circuits. The 
first impulse renders the first thyratron 49 con 
ductive. The second impulse renders the Sec 
ond thyratron 5 conductive, at which time the 
capacitor 5 causes the first thyratron 49 to be 
come non-conductive. The third impulse again 
renders the first thyratron 49 conductive. Be 
cause of the resistor 23, and rectifier , the 
second thyratron 5 remains conductive. Thus, 
after the third impulse, the first and second 
thyratrons are simultaneously conductive, re 
ducing the biasing potential on the third thy 
ratron 53 so that the fourth impulse renders 
it conductive. When the third thyratron 53 
first becomes conductive, capacitor 25 causes 
the first and second thyratrons to be extin 
guished and capacitor 35 extinguishes clearing 
thyratron 57. The fifth impulse renders the 
first thyratron 49 conductive again. The sixth 
impulse renders the second thyratron 5 con 
ductive, and capacitor fis at the same time ex 
tinguishes the first thyratron 49 which is then 
rendered conductive again by the seventh im 
pulse. Thus at the end of seven impulses, all 
three counting thyratrons 49, 5 and 53 are si 
multaneously conductive. The eighth impulse 
causes the clearing thyratron 5 to become con 
ductive, energizing the register 3. The instant 
the clearing thyratron 57 becomes conductive, 
the capacitor 35 extinguishes the first, second 
and third counting thyratrons, and another cycle 
of operation is initiated by the next impulse. 
The third thyratron again becomes conductive 
upon receipt of the fourth impulse of the sec 
ond cycle, and capacitor f35 thereupon ren 
ders the clearing thyratron 57 non-conductive. 
The eighth impulse of the Second cycle again 
renders the clearing thyratron conductive to 
again energize the register 73. Thus the reg 
ister is reenergized once for every eight articles 
counted. 
From the foregoing description, it is obvious 

that the number of thyratrons preceding the 
clearing valve may be varied, but the number is 
limited by the ability of the last coupling ca 
pacitor to extinguish all of the preceding thyra 
trons. It is also possible to eliminate the clear 
ing valve 57 and install some other Suitable 
clearing means, such as a series of relays, effec 
tive to disconnect the thyratrons from the source 
when all of the thyratrons are simultaneously 
conductive. If it is desired to count a large 
number of impulses in each cycle, Several Count 
ing systems as described may be arranged in 
cascade with means responsive to the conduc 
tivity of the clearing thyratron of each system 
to supply impulses to the next system. 

Since the counting thyratrons are rendered 
conductive singly, the total number of impulses 
required to cause all of the counting thyratrons 
to be conductive simultaneously, which shall be 
designated hereinafter as t, is equal to the sum of 
the number of times the various counting thyra 
trons are rendered conductive. Because of the 
extinguishing arrangement, each counting thyra 
tron is rendered conductive twice for each time 
the succeeding thyratron becomes conductive 
with the exception of the last thyratron in the 
series which is rendered conductive only once 
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ductive simultaneously. The last thyratron then 
becomes conductive once, the next to the last 
thyratron is rendered conductive twice, and the 
second from the last thyratron is rendered con 
ductive four times and so on for a number of 
thyratrons. Thus, the sequence of the number of 
times successive thyratrons become conductive 
forms a geometric progression in which the first 
term, a, equals and the common ratio r equals 
2. As is well known the sum of a geometric pro 
gression 

t T 1-r 
Then 

t= =2"-1=total number of impulses 
to cause all of a number of Counting thyratrons 
to be simultaneously conductive. Since the clear 
ing thyratron is rendered conductive by the next 
impulse after all of the counting thyratrons are 
simultaneously conductive, the total number of 
impulses included in a complete counting cycle is 
equal to 2-1--1 or 2 where n equals the num 
ber of counting thyratrons. 
Although we have shown and described a spe 

cific embodiment of our invention, we are fully 
aware that many modifications thereof are pos 
sible. Our invention, therefore, is not to be re 
stricted except insofar as is necessitated by the 
prior art and by the spirit of the appended 
claims. 
We claim as our invention: 
1. In combination, a source of direct current, 

a pair of electric discharge devices of the arc-like 
type connected in parallel circuits across said 
Source, means for rendering said devices con 
ductive Singly, and coupling means intercon 
necting said devices so that the first of said de 
vices is rendered non-conductive upon the sec 
ond device being rendered conductive later than 
Said first device and the second device remains 
conductive upon the first device becoming con 
ductive later than said second device. 

2. In combination, a source of direct current, 
a pair of electric discharge devices of the arc 
like type, each of said devices having a plurality 
of principal electrodes connected in an individ 
ual circuit across said source, means for render 
ing said devices conductive singly, and coupling 
means interconnecting said devices so that the 
first of said devices is rendered non-conductive 
upon the second device being rendered conduc 
tive later than said first device and the second 
device remains conductive upon the first device 
becoming conductive later than said second de 
vice, said coupling means including a capacitor 
and an asymmetric conductor connected in series 
with each other between a principal electrode of 
One device and the corresponding electrode of 
the other device. 

3. In combination, a source of direct current, 
a pair of electric discharge devices of the arc-like 
type connected in parallel circuits across said 
Source, means for rendering said devices conduc 
tive singly, and coupling means interconnecting 
said devices comprising extinguishing means 
conditioned while either of said devices is alone 
conductive to render said conductive device non 
conductive upon the other device being there 
after rendered conductive, and means in circuit 
with said extinguishing means for preventing it 
from rendering one of said devices non-conduc 
tive but permitting it to render the other device before all of the counting thyratrons are con- non-conductive, 
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4. In combination, a source of direct current, 

a pair of electric discharge devices of the arc-like 
type, each of said devices having a pair of prin 
cipal electrodes connected in an individual circuit 
across said source, means for rendering said de 
vices conductive singly, and coupling means in 
terconnecting said devices so that the first of said 
devices is rendered non-conductive upon the sec 
ond device being rendered conductive later than 
said first device and the second device remains 
conductive upon the first device becoming con 
ductive later than said second device, said cou 
pling means including a capacitor and a dry rec 
tifier connected in Series between a principal elec 
trode of the first device and the corresponding 
electrode of the second device with the rectifier 
offering its highest resistance to current flowing 
toward the first device. 

5. In combination, a source of direct current, 
a pair of electric discharge devices of the arc-like 
type, each of said devices having a pair of princi 
pal electrodes connected in an individual circuit 
across said source, means for rendering Said de 
vices Conductive singly, and coupling means in 
terconnecting said devices so that the first of 
Said devices is rendered non-conductive upon the 
second device being rendered conductive later 
than said first device and the Second device re 
mains conductive upon the first device becoming 
conductive later than said second device, said 
coupling means including a capacitor and a dry 
rectifier connected in series between a principal 
electrode of the first device and the Correspond 
ing electrode of the second device With the recti 
fier offering its highest resistance to current flow 
ing toward the first device and a resistor con 
nected in parallel with said dry rectifier, said 
resistor having a resistance less than the high 
est resistance of Said rectifier. 

6. In combination, a Source of direct Current, 
a pair of electric discharge devices of the arc 
like type connected in parallel circuits across 
said source, control means tending to maintain 
said devices non-conductive, said control means 
exerting a stronger influence on the Second of 
said devices than on the first device, means for 
opposing said control means at intervals, said 
opposing means being sufficiently strong to over 
come the influence of said control means on said 
first device only to render it conductive, means 
responsive to the conductivity of said first device 
for reducing the influence of said control means 
on said second device whereby it is thereafter 
rendered conductive by said opposing means, and 
coupling means interconnecting said devices and 
including extinguishing means conditioned while 
either of said devices is alone conductive to ren 
der said conductive device non-conductive upon 
the other device being thereafter rendered con 
ductive whereby said first device is rendered non 
conductive when said second device becomes con 
ductive, said opposing means being effective to 
against render said first device conductive, and 
means for preventing said extinguishing means 
from rendering said second device non-conduc 
tive when said first device again becomes con 
ductive. 

7. In combination, a source of direct current, 
a pair of electric discharge devices of the arc 
like type connected in parallel circuits across said 
source, control means tending to maintain said 
devices non-conductive, said control means exert 
ing a stronger influence on the second of said de 
vices than on the first device, means for OppoS 
ing said control means at intervals, said opposing 
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5 
means being sufficiently strong to overcome the 
influence of said control means on said first de 
Vice only to render it conductive, means respon 
sive to the conductivity of said first device for 
reducing the influence of said control means on 
said second device whereby it is thereafter ren 
dered conductive by said opposing means, and 
coupling means interconnecting said devices so 
that said first device is rendered non-conductive 
upon the second device being rendered conduc 
tive, said opposing means being effective to again 
render Said first device conductive, said couplung 
means permitting said second device to remain 
Conductive upon said first device again becoming 
Conductive. 

8. In combination, a source of direct current, 
a pair of electric discharge devices of the arc 
like type, each of said devices having a pair of 
principal electrodes connected in an individual 
Circuit across said source, control means tend 
ing to maintain said devices non-conductive, said 
Control means exerting a stronger influence on 
the second of said devices than on the first de 
Vice, means for opposing Sald control means at 
intervals, said opposing means being sufficiently 
strong to overcome the initiuence of sald control 
means On Said first device only to render it con 
ductive, means responsive to the conductivity of 
Said first device for reducing the influence of said 
control means on said second device so that it is 
thereafter rendered conductive by said opposing 
means, and coupling means comprising a capacitor 
and an asymmetric conductor connected in series 
With each oner between a principal electrode of 
the first and the corresponding electrodeoithesec 
ond device so that Sald first device is rendered 
non-conductive upon said Second device becom 
ing conductive, said opposing means being effec 
tive to again render said first device conduc 
tive, said coupling means permitting said second 
device to remain conductive upon sald first device 
again becoming conductive. 

9. In combination, a source of direct current, 
a pair of electric discharge devices of the arc 
like type, each having a pair of principal elec 
trodes connected in an individual circuit across 
Said Source and a control electrode, control means 
for impressing a biasing potential between the 
control electrode and one of the principal elec 
trodes of each device to maintain it non-conduc 
tive, the biasing potential on the second of said 
devices being greater than on the first device, 
means for supplying a plurality of spaced poten 
tial impulses to oppose said biasing potentials, 
the magnitude of each of said impulses being suf 
ficient to overcome the biasing potential on said 
first device only to render it conductive, means 
responsive to conductivity of said first device for 
reducing the biasing potential on said second de 
Vice so that said second device is rendered con 
ductive by the next impulse after said first de 
vice becomes conductive, and coupling means in 
terconnecting said devices so that said first de 
Vice is temporarily rendered non-conductive upon 
the Second device being rendered conductive, said 
coupling means permitting said second device to 
remain conductive upon said first device again 
becoming conductive. 

10. The combination comprising a source of 
direct current, a series of electric discharge de 
vices of the arc-like type connected in parallel 
circuits across said source, control means tending 
to maintain. Said devices non-conductive, said 
control means exerting a stronger influence on 
each device after the first than on the device 

  



(i. 
preceding it, means for opposing said control 
means at spaced intervals of time, said opposing 
means being sufficient to Overcome the influence 
of said control means on the first of said devices 
only to render it conductive, means responsive 
to the conductivity of each device for reducing 
the influence of said control means on each of 
the succeeding devices so that each device after 
the first device is rendered Conductive by said 
opposing means only when all of the preceding 
devices are simultaneously conductive, and means 
operable momentarily as each device is rendered 
conductive to render all of the preceding devices 
temporarily non-conductive. r 

11. The combination comprising a source of 
direct current, a series of electric discharge de 
vices of the arc-like type, each having a plurality 
of principal electrodes connected in an individual 
circuit across said source and a control electrode, 
control circuits for said devices including means 
for impressing a biasing potential between the 
control electrode and one of said principal elec 
trodes of each device to maintain it non-con 
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ductive, the biasing potential on each device after 
the first in said series being greater than on the 
preceding device, means for impressing said po 
tential impulses in said control circuits in oppo 
sition to said biasing potentials, said biasing po 
tentials being of such magnitude that said in 
pulses counteract the biasing potential on the 
first device only to render it conductive, means 
responsive to the conductivity of each device for 
reducing the biasing potential on each of the 
succeeding devices so that each device is ren 
dered conductive by the next impulse when all 
of the preceding devices are simultaneously con 
ductive, and means operable momentarily as each 
device is rendered conductive to render all of 
the preceding devices temporarily non-conduc 
tive. 

12. The combination comprising a SOurce of 
direct current, a series of electric discharge de 
vices of the arc-like type, each having a pair 
of principal electrodes connected in an individual 
circuit across said source, control means tend 
ing to maintain said devices non-conductive, said 
control means exerting a stronger influence on 
each device after the first in said Series than 
on the preceding device, means for opposing said 
control means at intervals, said Opposing means 
being sufficient to overcome the influence of Said 
control means on the first of said devices only 
to render it conductive, means responsive to the 
conductivity of each device for reducing the in 
fluence of said control means on each of the Suc 
ceeding devices So that each device is rendered 
conductive by said opposing means only when 
all of the preceding devices are simultaneously 
conductive, and coupling means interconnecting 
said devices, said coupling means being effective 
momentarily as each device is rendered conduc 
tive to render all of the preceding devices tem 
porarily non-conductive. 

13. Apparatus according to claim 12 in which 
the coupling means comprises a capacitor and an 
asymmetric conductor connected in series be 
tween a principal electrode of each device and 
the corresponding electrode of the Succeeding de 
vice of said series, 

14. Apparatus according to claim 12 in which 
the coupling means comprises a capacitor and 
a dry rectifier connected in Series between a 
principal electrode of each device and the cor 
responding electrode of the succeeding device of 
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2,842,753 
lowest resistance to current flowing toward the 
Succeeding device. 

15. Apparatus according to claim 12 in which 
the coupling means comprises a capacitor and a 
dry rectifier connected in series between a princi 
pal electrode of each device and the correspond 
ing electrode of the Succeeding device of said Se 
ries of devices, said rectifier offering its lowest 
resistance to current flowing toward the succeed 
ing device, and a resistor in parallel with said 
rectifier having a resistance no greater than the 
highest resistance of Said rectifier. 

16. For use in operating a work apparatus up 
On a certain event occurring a predetermined . 
number of times, the combination comprising a 
Source of direct current, a series of electric dis 
charge devices of the arc-like type connected 
in parallel circuits across said source, control 
means tending to maintain said devices non 
conductive, said control means exerting a 
stronger influence on each device after the first 
of said series than on the preceding device, 
means responsive to each occurrence of said 
event for opposing said control means, said op 
posing means being sufficient to overcome the 
influence of Said control means on the first of 
said devices only to render it conductive, means 
responsive to the conductivity of each device 
for reducing the influence of said control means 
On each of the succeeding devices so that each 
device after the first is rendered conductive by 
said opposing means when all of the preceding 
devices are simultaneously conductive, means 
coupling said devices together and operable 
nonentarily as each device is rendered conduc 
tive to render all of the preceding devices tem 
porarily non-conductive, a clearing valve con 
nected across said source in a circuit in parallel 
with said parallel circuits, said clearing valve 
being an electric discharge device of the arc 
like type associated with said control means to 
be rendered conductive by said opposing means 
When all of said series of devices are simultane 
ously conductive, means for coupling said clear 
ing valve to the last device of said series so that 
all of the devices in said series are rendered 
non-conductive upon said clearing valve becom 
ing conductive and said clearing valve is ren 
dered non-conductive upon said last device 
again becoming conductive, and means for ef 
fecting an operation of said work apparatus each 
time said clearing valve becomes conductive. 

17. Apparatus according to claim 12 in which 
the coupling means comprises a Capacitor and 
an asymmetric conductor connected in series 
between a principal electrode of each device and 
the corresponding electrode of the succeeding 
device of Said series, and which includes an elec 
tric discharge clearing valve of the arc-like type 
having a pair of principal electrodes connected 
in an individual circuit across said source, said 
valve being associated with said control means 
to be rendered conductive by said opposing means 
When all of Said series of devices are simultane 
ously conductive, a second capacitor connected 
between a principal electrode of said valve and 
the corresponding electrode of the last device 
of Said series, said second capacitor being mo 
mentarily effective to render all of said series of 
devices non-conductive when said valve is ren 
dered conductive and to effect extinguishment 
of Said valve when said last device is again 
rendered conductive, a work apparatus, and 
means for Operating said work apparatus in re 

said series of devices said rectifier offering its 75 sponse to current flowing through said valve, 
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18. In apparatus for counting a plurality of 

electric potential impulses, a plurality of electric 
discharge devices responsive to each of said in 
pulses, and interconnecting means between said 
discharge devices providing for the response 
of a different One or a different combination of 
any number of said discharge devices to a series 
of successive impulses. 

19. In apparatus for counting a plurality of 
electric potential impulses, a plurality of electric 
discharge devices responsive to each of Said in 
pulses, interconnecting means between said dis 
charge devices providing for the response of a 
different one or a different combination of any 
number 7 of said discharge devices to a series 
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of successive impulses equal in number to 2-1, 
and means responsive to another impulse after 
said series for resetting said devices for re 
sponse to another series of impulses. 

20. In apparatus for counting a plurality of 
electric potential impulses, a plurality of electric 
discharge devices responsive to each of said im 
pulses, and interconnecting means between said 
discharge devices providing for the response of 
a different one or a different combination of any 
number 7 of said discharge devices to a series 
of successive impulses equal in number to 2-l. 

ROBERT W. PEARSON. 
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