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My invention relates to electric translating cir 
cuits, and more particularly to such circuits in 
cluding electric valves for sequentially operat 
ing a plurality of electro-responsive devices. 

Heretofore there have been proposed numerous 
translating circuits including electric valves op 
erating as relays to energize electro-responsive 
devices. The present invention relates to trans 
lating circuits of this type in which a plurality of 

10 electro-responsive devices may be operated in a 

5 

predetermined sequence in response to a single 
controlling effect. My invention relates further 
to a particular grid excitation circuit for an elec 
tric valve of the discontinuous control type which 

15 is of general application but which is particu 
larly suitable for use in my improved electric 
translating circuit. 

It is an object of my invention, therefore, to 
provide an improved electric translating circuit 
including a plurality of electric valves and a plu 
rality of electro-responsive devices in which the 
electro-responsive devices may be energized in a 
predetermined sequence in response to a single 
Controlling effect. 

It is another object of my invention to pro 
vide an improved grid excitation circuit for a dis 
Continuous control electric valve included in a 
periodic current circuit which will insure that the 
valve is rendered conductive only at the initial 
point in the positive portions of the anode po 
tential. 
In accordance with one embodiment of my in 

Vention, a plurality of electro-responsive devices 
are connected in parallel across a source of alter 
nating current through a plurality of electric 
Valves. There is also provided a source of unidi 
rectional control potential across which is con 
nected a voltage divider. The control grids of 
the several electric valves are adapted to be en 
ergized from electrically spaced terminals of the 
voltage divider, while the common cathode con 
nection of the several electric valves is connected 
to an intermediate point of the control source, 
variable in potential. By varying the potential 
of the terminal to which the common cathode 
Connection is made, the several electric valves 
may be rendered conductive in any predeter 
mined sequence. In certain instances it may be 
desirable to include in the several grid circuits a 
source of alternating potential substantially in 
phase opposition to the anode potential of the 
Several electric Valves to insure that each elec 
tric valve is made conductive only at the initial 
point of the positive half cycles of anode poten 
tial. In case this latter feature is incorporated, 
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(Cl. 250-41.5) 
it may be desirable also to include a capacitor 
between the terminal of variable potential and 
each Outer terminal of the source of control po 
tential to eliminate substantially the effect of the 
Source of alternating potential upon the potential 
of this point. 

For a better understanding of my invention, 
together with other and further objects thereof, 
reference is had to the following description taken 
in connection with the accompanying drawing 
and its Scope will be pointed out in the appended 
claims. Referring now to the drawing, Fig. 1 
represents an embodiment of my invention for 
successively energizing a plurality of electro-re 
sponsive devices in response to the variation of a 
single unidirectional control potential, while Fig. 
2 is a diagram to aid in understanding a feature 
of my invention. 

Referring more particularly to Fig. 1 of the 
drawing, there is illustrated an arrangement for 
energizing a plurality of electro-responsive de 
vices illustrated as the relays 0, l and 2, from 
a source of alternating current 3 through a 
transformer 4, and electric valves 5, 6 and 7, 
respectively. The electric valves 5, 6 and 7 
are each provided with an anode, a cathode and 
a control grid and may be of any of the several 
types well known in the art, although I prefer 
to use discontinuous control electric valves, Such 
for example as valves of the vapor electric dis 
charge type. By the term “discontinuous con 
trol electric valves' I refer to valves of the type 
in which the starting of current in the valve 
may be controlled by the potential on its con 
trol grid, but in which generally the current in 
the valve may be interrupted only by reducing 
the anode potential below its critical value. In 
Order to control the conductivities of the valves 
5, 6 and 7, there is provided a source of unidi 
rectional control potential 8, across which is 
connected a voltage divider 9, and the grids of 
the Several electric valves are connected to elec 
trically spaced terminals of this voltage divider 
through current limiting resistors 20. There is 
also provided a second voltage divider connected 
across the circuit 8 comprising a resistor 21, a 
Variable impedance, Such for example as an elec 
tric valve 22, and a portion 23 of the voltage di 
vider 9, and the common cathode connection of 
the valves 5, 6 and 7 is connected to the junc 
tion between the resistor 2 and valve 22. The 
valve 22 is provided with an anode, a cathode, and 
a control grid and may be of any of the several 
types well known in the art, although I prefer 
to use a high vacuum pure electron discharge 
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2 
valve. The impedance of the valve 22 may be 
controlled in any well known manner, but I have 
illustrated by Way of an example a connection 
between its grid and the negative terminal of 
the circuit 3 through a resistor 24 and to a, 
point of the voltage divider 9 positive with re 
Spect to its cathode connection through a photo 
responsive device 25 adapted to be illuminated by 
a lamp 26. The grid circuits of the several elec 
tric valves also include a component of alternat 
ing potential derived from a voltage divider 27 
included in the common cathode connection, the 
voltage divider being energized from the circuit 
E3 through a transformer 28 with such a polarity 
that the alternating component of grid potential 
is substantially in phase opposition to the anode 
potential of the several electric Valves. In Case 
this last described feature is employed, capacitors 
29 and 38 are preferably connected between the 
junction of resistor 2 and the valve 22 and the 
positive and negative sides of the direct current 
circuit 8, respectively, to eliminate substantially 
the effect of the alternating current apparatus 
upon the potential of this particular point. 
In explaining the operation of the above de 

scribed apparatus, it will be assumed that, ini 
tially, the intensity of the light Supplied by the 
lamp 28 to the photo-responsive device 25 is so 
low that none of the electric valves 5, 6 or 7 
is rendered conducting. It will be seen that the 
device 25 and the resistor 24 comprise a voltage 
divider connected across a portion of the main 
voltage divider 9 so that the resultant grid po 
tential of the valve 22 will be dependent upon 
the impedance of the device 25. As the intensity 
of the illumination of the lamp 26 increases, the 
resistance of the device 25 Will be decreased and 
the grid potential of the valve 22 Will increase 
positively, thus decreasing its impedance, as is 
Well understood by those skilled in the art. As 
the impedance of the valve 22 is decreased, the 
potential of the common cathode connection to 
this voltage divider comprising the resistor 2. 
and the valve 22 decreases, approaching the po 
tential of the point of connection to the main 
Voltage divider 9. The result is that the bias 
potentials included in the grid circuits of the 
valves 5, 6 and 7 are positively increased 
equally and simultaneously. It will be under 
Stood that with a predetermined increase in the 
intensity of illumination of the device 25 the 
electric valve with the most positive bias po 
tential, that is, electric valve 5, will be first ren 
dered conductive, and that upon successive in 
Creases of illumination, electric valves f and 
Will successively become conductive to energize 
their respective relays (), and 2. Due to the 
fact that an alternating potential is impressed 
upon the anodes of electric valves 5, 6 and 7, 
a Subsequent decrease in the illumination sup 
plied by the lamp 26 will cause these valves to 
be rendered non-conductive in an inverse order 
Whenever their grid bias voltages have been re 
duced below the critical value. 
The usual critical grid Voltage characteristic 

of a valve of the discontinuous control type when 
Supplied with a sinusoidal anode potential is ill 
lustrated by the curved of Fig. 2, in which the 
curve b represents a positive half cycle of the 
sinusoidal alternating potential of one of the 
electric valves, for example valve 5. In case a, 
negative bias potential of the value indicated by 
the dotted line c should be applied to the grid 
of this valve, it Will be seen that the valve Would 
become conductive at the point d in each half 

2,095,124 
cycle, which would effect an energization of the 
relay 9 something less than normal, and this 
energization would decrease with decreasing bias 
potential until the line c became tangent to the 
curve a. Such partial energization of the relays 
A , and 2, may, under certain circumstances, 
tend to cause uncertainty of operation and, in 
order to eliminate this effect, an alternating Com 
ponent of grid potential substantially in phase 
Opposition to the anode potential of each valve, 
is furnished to the several grid circuits. For ex 
ample, if an alternating potential of a magnitude 
illustrated by the curve e be supplied from the 
voltage divider 22, it will be seen that the re 
sultant grid potential at no time intersects the 
critical grid voltage characteristic of the valve 
with the result that it remains completely non 
conductive. When, however, the bias on the grid 
of the valve 5 increases to some positive valuef, 
the resultant grid potential is represented by the 
curve g and it will be seen that the grid is posi 
tive at the initial point of the positive half cycle 
of anode potential; that is, it is above the Critical 
grid potential at this instant, and the electric 
valve Will be conductive for the complete half 
cycle. In this way it is insured that each elec 
tric valve will be conductive during complete half 
cycles of positive anode potential or completely 
non-conductive, thus increasing the certainty 
and reliability of operation. In case the capacity 
of the various alternating current circuits to 
ground is sufficient to effect an appreciable vari 
ation of the potential of certain points in the 
unidirectional potential control circuit, these ef 
fects may be substantially eliminated by con 
necting capacitoi's 29 and 30 between the junc 
tion of resistor 2 and the valve 22, and the posi 
tive and negative sides of the direct current cir 
cuit 8, respectively, thus substantially absorb 
ing any alternating component of potential ap 
pearing at this point. 
While I have described my invention as em 

bodied in an arrangement in which a plurality of 
electro-responsive devices are energized in a pre 
determined sequence in response to variations in 
the intensity of the illumination of a device, it 
Will be apparent that the photo-responsive de 
vice 25 and the lamp 26 or the valve 22 and these 
devices may be replaced by any impedance varied 
either manually or automatically in response to 
any desired condition. 
While I have described what I at present con 

sider the preferred embodiment of my invention, 
it will be obvious to those skilled in the art that 
Various changes and modifications may be made 
Without departing from my invention and I there 
fore ain in the appended claims to cover all Such 
changes and modifications as fail within the true 
Spirit and Scope of my invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States, is: 
1. An electric translating circuit comprising 

a source of current, a plurality of electro-re 
sponsive devices energized from said source, an 
electric valve in circuit with each device for con 
trolling the energization thereof, each of said 
valves being provided with a control grid, a source 
of unidirectional bias potential, a grid circuit 
for each of said valves, each of said grid circuits 
having a connection to include a portion of said 
bias potential of a different magnitude, a volt 
age divider energized from said bias potential 
and including an impedance common to all of 
said grid circuits, and means for varying said 
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2,095,124 
impedance to control the conductivities of said 
valves in a predetermined sequence. 

2. An electric translating circuit comprising a 
source of current, a plurality of electro-respon 
sive devices energized from said source, an elec 
tric valve in circuit with each device for con 
trolling the energization thereof, each of Said 
valves being provided with an anode, a cathode, 
and a control grid, a source of unidirectional 
control potential, a voltage divider energized 
from said source of control potential, circuits in 
terconnecting said grid to different points of said 
voltage divider, and a common connection from 
said cathode to another point of Said voltage 
divider including an impedance device, and 
means for varying the impedance of said device 
to control the conductivities of Said valves in a 
predetermined sequence. 

3. An electric translating circuit comprising a 
source of current, a plurality of electro-respon 
sive devices energized from said Source, an elec 
tric valve in circuit with each device for con 
trolling the energization thereof, each of said 
valves being provided with a control grid, a source 
of unidirectional control potential, a pair of volt 
age dividers energized from Said control potential, 
a grid circuit for each of said Valves, Said grid 
circuits including different connections to One of 
Said voltage dividers and a common connection 
to the other, and a variable impedance included 
in one of said voltage dividers for Simultaneously 
varying the grid potentials of the several valves 
to control their conductivities in a predetermined 
Sequence. 

4. An electric translating circuit comprising 
a source of current, a plurality of electro-re 
sponsive devices energized from said Source, an 
electric valve in circuit With each device for 
controlling the energization thereof, each of Said 
valves being provided with an anode, a cathode, 
and a control grid, a source of unidirectional 
control potential, a voltage divider connected 
across said latter source, connections from Said 
grids to electrically spaced terminals of Said Volt 
age divider, a second voltage divider connected 
across said source and including a variable in 
pedance device, a common connection from said 
cathodes to said second Voltage divider, and 
means for varying the impedance of Said in 
pedance device to energize said electro-respon 
sive devices in a predetermined Sequence. 

5. An electric translating circuit comprising a 
source of current, a plurality of electro-respon 
sive devices energized from Said Source, an elec 
tric valve in circuit with each device for con 
trolling the energization thereof, each of Said 
valves being provided with an anode, a cathode, 
and a control grid, a source of unidirectional con 
trol potential, a voltage divider connected across 
said source, connections from said grids to elec 
trically spaced terminals of Said voltage divider, 
a common connection for said cathodes to One 
side of said control source including an im 
pedance device, a common connection for Said 
cathodes to the other side of said control Source 
including an electric valve provided with a con 
trol grid, and photo-electric means for controlling 
the grid potential of said last mentioned valve to 
energize said electro-responsive devices in a pre 
determined Sequence. 

6. An electric translating circuit including a 
discontinuous control electric valve provided 
with an anode, a cathode, and a control grid, a 
source of periodic anode potential, and a grid cir 
cuit for said valve including a source of uni 

3 
directional potential variable in magnitude to 
control the conductivity of said valve and a 
Source of periodic potential Substantially in phase 
opposition to said anode potential to insure that 
said valve is rendered conductive only at the in 
itial point of the positive portion of each cycle 
of anode potential. 

7. An electric translating circuit including a 
discontinuous control electric valve provided with 
an anode, a cathode, and a control grid, a Source 
of alternating anode potential, a Source of uni 
directional control potential connections from 
said grid and said cathode to said potential 
Source, means for varying the potential applied to 
said electrodes to control the conductivity of said 
valve, a source of alternating potential substan 
tially in phase opposition to said anode potential 
and included in circuit with said grid, and a ca 
pacitor connected between said source of alter 
nating potential and each side of said control 
source to eliminate substantially the effect of said 
Sources of alternating potential on the potential 
of said variable potential terminal. 

8. An electric translating circuit comprising a 
source of alternating current, a plurality of elec 
tro-responsive devices energized from Said Source, 
a discontinuous control electric valve in circuit 
With each device for controlling the energization 
thereof, each of Said valves being provided with 
an anode, a cathode, and a control grid, a Source 
of unidirectional control potential, a grid circuit 
for each of said valves including a portion of said 
control potential of a different magnitude and a 
common point and a source of alternating poten 
tial substantially in phase opposition to its re 
spective anode potential, means for varying the 
magnitudes of the control potentials of said grid 
circuits to render said valves conductive in a 
predetermined sequence, and a capacitor con 
nected between said alternating potential Source 
and each side of Said control Source to eliminate 
substantially the effect of said source of alter 
nating potential on said Source of control po 
tential. 

9. An electric translating circuit including a 
discontinuous control electric valve provided with 
an anode, a cathode, and a control electrode, a 
Source of alternating anode potential, a control 
electrode circuit including a source of unidirec 
tional control potential, photo-electric means in 
terconnecting said cathode with said control pO 
tential for varying the potential applied to said 
control electrode to control the conductivity of 
said valve, and a source of alternating potential 
connected in said control electrode circuit, said 
alternating potential being Substantially in phase 
opposition to said anode potential to insure that 
said valve is rendered conductive only at the ini 
tial point of the positive portion of each cycle of 
anode potential. 

10. An electric translating circuit comprising 
a source of current, a plurality of electro-respon 
sive devices energized from said Source, an elec 
tric valve il circuit with each device for con 
trolling the energization thereof, each valve be 
ing provided with a control electrode and a con 
trol circuit therefor, a source of unidirectional 
bias potential, each of said control circuitS hav 
ing a different connection to said bias potential 
to provide a bias potential of different magnitude, 
a common cathode circuit for said electric valve, 
and photo-electric means for determining the 
effective point of connection of said common 
cathode circuit to said Source of biaS potential. 

WILLIAM D. COCKRELL. 
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