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My invention relates to electric valve systems 
and more particularly to control circuits for elec 
tric valve apparatus of the type employing an 
ionizable medium such as a gas or a vapor. 

Electric valve means employing self-recon 
structing type cathodes, such as mercury pool 
cathodes, have been found to afford decided ad 
Vantages in those applications where large 
announts of current are transmitted by an asso 
ciated load circuit. In accordance with the 
teachings of my invention described hereinafter, 
I provide new and improved electric control cir 
cuits for electric valve means of this type, and 
whereby greater accuracy in the control of the 
conductivity of the electric valve means is ob 
tained. 

It is an object of my invention to provide 
new and improved electric valve translating ap 
paratus. 

It is another object of my invention to provide 
a new and improved control circuit for electric 
Valve apparatus of the type comprising an ioniz 
able medium capable of supporting an arc dis 
charge. 

It is a further object of my invention to pro 
vide a new and improved control or excitation 
circuit for controlling the conductivity of electric 
Valve means using a self-reconstructing type 
cathode and which comprises ignition means such 
as an innersion-igniter control member asso 
(riated with the cathode. 

Briefly stated, in the illustrated embodiment of 
ny invention I provide a new and improved con 
trol System for electric valve apparatus of the 
typ which employs a self-econstructing type 
Cathode, such as a mercury pool cathode, and in 
which the time of initiation of current flow be 
tween the anode and cathode is accurately de 
terminable by controlling the potential of an 
auxiliary control electrode or a baffle. Unidirec 
tional impulses of current are transmitted to the 
igniticn means, which may be an immersion 
igniter Coltrol member in contact with the cath 
Ode, by means of a unidirectional conducting de 
vice, such as a dry rectifier or a copper-oxide type 
rectifier. In order to maintain the potential of 
the control member at the same potential as the 
cathode, thereby preventing transmission of ap 
preciable inverse current between the cathode 
and the control member during the negative half 
cycles of voltage of the source of excitation cur 
rent, I provide equalizing means connected be 
tween the source of alternating excitation current 
and the control member. 

For a better understanding of my invantion, 
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reference may be had to the following description 
taken in connection with the accompanying 
drawing, and its scope will be pointed out in the 
appended claims. The single figure of the draw 
ing diagrammatically illustrates an embodiment 
of my invention as applied to a biphase rectifer 
and which comprises electric valve translating 
apparatus connected between an alternating cur 
rent supply circuit and a direct current load cir 
cuit. 

Referring now to the single figure of the draw 
ing, I have there illustrated my invention as 
applied to an electric valve translating Or Con 
verting system connected between an alternating 
current supply circuit f and a load circuit such 
as a direct current load circuit 2. The translat 
ing apparatus may include a transformer 3 and 
a pair of electric valve means and 5 which 
operate as a biphase rectifier for transmitting 
unidirectional current to the load circuit. 

Electric valve means 4 and 5 are preferably of 
the type employing an ionizable medium, such 
as a gas or a vapor, and each comprises an anode 
6, a self-reconstructing cathode such as a mer 
cury pool cathode , and ignition means which 
may be of the immersion-igniter type such as an 
innersion-igniter control member 8 constructed 
of a material, such as boron carbide or silicon 
carbide having an electrical resistivity substan 
tially large compared with that of the mercury of 
the associated pool. An extremity of the immer 
sion-igniter control member 8 may extend into 
the mercury. Each of the electric valve means 
and 5 also may comprise a relieving or transfer 
anode 9. In order to control the times of initia 
tion of current flow between the anodes 6 and 
the cathodes after the initiation of arc dis 
charges by control member 8, I provide ba?e or 
control electrodes to which are preferably within 
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the vicinities of the respective anodes 6, and 
which may be constructed to enclose substan 
tially the anodes 6. 
As a means for Supplying excitation current to 

the control members 8 of electric valve means 4 
and 5, I provide an excitation circuit which is 
energized from a Suitable source of alternating 
current ft. The source of current for energizing 
the excitation circuit, of course, may be derived 
from the supply circuit through suitable phase 
shifting means, if desired. I connect to e 
source means for producing periodic or alter 
nating voltages of peaked wave form. This means 
may comprise a transformer 2 having a primary 
winding 3 and winding means, such as a sec 
ondary Winding, for supplying peaked alternating 
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voltages displaced substantially 180 electrical de 
grees with respect to each other. This secondary 
winding means may comprise winding sections 
la and b having electrically displaced terminal 
connections f and , and a connection 6 elec 
trically intermediate the terminal connections. 
The intermediate connection is connected to 
the cathodes 7 of electric valve means 8 and 5. 

In order to transmit to the control members 
8 of electric valve means 4 and impulses of uni 
directional current of peaked wave form and for 
initiating arc discharges within the electric valve 
means by establishing cathode spots upon the 
surface of the mercury pool cathodes 7, I provide 
rectifiers 7 and which are preferably of the 
contact or dry type such as that disclosed and 
claimed in U. S. Letters Patent No. 1,640,335, 
granted August 23, 1927, upon an application of 
Lars O. Grondahl. Relieving anodes 9 are con 
nected to the terminals 4 and l, respectively, of 
winding sections Sa and Sb, and I connect 
transfer resistances 9 and 20 in series relation 
with the rectifiers 7 and so that upon initia 
tion of arc discharges within the respective elec 
tric valve means, the potential of the relieving 2 
anodes is substantially raised, thereby effecting 
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the transmission of the greater portion of the ex 
citation current from control members 8 to re 
lieving anodes 9 and accordingly reducing the 
duty imposed on control members 8. 
As a means for maintaining the control men 

bers 8 at substantially the same potentials as 
the associated cathodes during the respective 
inverse half cycles of voltage of source or, 
in other words, to prevent the flow of inverse 
Current from Cathodes 7 to control members 
during the negative half cycles of voltage pro 
duced by winding sections fa and b, provide 
equalizing means connected to the winding sec 
tions a and 8b. This equalizing means may 
comprise resistances 2 and 22 which are con 
nected between electrically displaced points of 
the secondary winding means of transformer 2 
and the control members 8 of the electric valve 
means. The magnitude of the resistances 2 
and 22 is preferably equal to the average inverse 
resistance of the dry rectifiers 7 and . More 
particularly, resistance 2 is connected between 
control member 8 of electric valve means 4 and 
the terminal is of winding 3b. In like man 
ner, resistance 22 is connected between control 
member of electric valve means S and the ter 
minal 4 of the winding section a. Periodic 
voltages are impressed on the control electrodes 

of electric valve means 4 and S in order to 
render the electric valve means conducting alter 
nately, and to control the time during the cycles 
of voltage of circuit at which current flow is 
initiated between the respective associated anodes 
and Cathodes 7. I provide a transformer 28 

energized from a source of alternating current of 
the proper frequency. Transformer 23 comprises 
a secondary winding 23 having a neutral con 
nection 2. If desired, transformer 2 may be 
energized from the alternating current circuit 
through a phase shifting device 2. The phase 
shifting device 2 serves to control the phase of 
the periodic voltages impressed on control elec 
trodes fo and, hence, controls the magnitude of 
the current transmitted to the load circuit. 

Suitable potential biasing means, such as a 
battery , may be connected between the cath 
ode 7 and the neutral connection 24 of trans 
former 2 in order to impress on the control elec 
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tial. I connect between the secondary winding 
2 of transformer 28 means for assuring the 
transmission of suficient positive control cur 
rent to the electrodes , thereby assuring the 
positive initiation of arc discharges between as 
sociated anodes 6 and cathodes 7. This means 
may comprise unidirectional conducting devices 
or rectifiers 27 and 28 which are connected, re spectively, in parallel with impedance elements 
such as resistances 29 and 30. 
Transformer 28 may also be a peaking trans 

former, so that the impulses of postive current 
transmitted to the control electrodes 0 are of 
distinct or sharp wave form thereby increasing 
the precision of control of the electric valve 
means and 5. 
The operation of the embodiment of my in 

vention illustrated in the single figure of the 
drawing will be explained by considering the 
system when it is operated as a biphase rectifier 
to transmit unidirectional current to the load cir 
cult 2. The peaking transformer 2, by virtue 
of the windings 3a and 3b, transmits unidi 
rectional impulses of current to the control mem 
bers 8 of electric valve means 4 and Salternately 
at times displaced substantially 180 electrical de 
grees relative to the voltage of the circuit f. 
These unidirectional impulses are transmitted to 
the control members 8 through the rectifiers T. 
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fB and associated resistances , 20 respectively. 
Considering in particular the ignition of the elec 
tric valve means , upon the transmission of a 
unidirectional impulse of current to the control 
member as soon as a cathode spot and incident 
ionization of the mercury vapor is obtained, the 
increased flow of current through the resistance 
fe raises the potential of the relieving anode 9, 
thereby effecting the transfer of the greater por 
tion of the ignition or exciting current from the 
control member to the relieving anode 9. In 
this manner, the duty imposed on control mem 
ber is reduced. The relieving anode 9 main 
tains the arc within the electric valve means un 
till such time as a suitable positive voltage is in 
pressed on the control electrode 9, at which time 
the arc discharge is established between the 
anode 6 and the cathode . 
Control electrodes to are normally maintained 

by the battrry 2 at potentials sufficiently nega 
tive to prevent the propagation of the arc dis 
charges to the anodes B. At predetermined times 
established by the phase position of the periodic 
voltage of peaked wave form produced by trans 
former 28, the voltage produced by winding 23 
attains a value which is sufficient to overcome 
the effect of the battery 2 and raises the poten 
tals of control electrodes D, thereby extending 
the arc discharges to the anodes B. Referring 
particularly to electric valve means 4, at the 
time when a positive impulse of voltage of peaked 
Wave form occurs, a unidirectional impulse of 
voltage is impressed on the control electrode io 
of electric valve means 4. This selective unidi rectional energization of control electrodeo is 
obtained by means of rectifier 27. In like man 
er, positive impulses of voltage of peaked wave 
form will be impressed on control electrode fe of 
electric valve means at intervals displaced 180 
electrical degrees relative to the impulses in 

70 pressed on electrode f of electric valve means 4. 
Due to the parallel connection of rectifiers 27 

and , and resistances 2 and O, respectively, 
the positive inpulses which are supplied to the 
electrodes are of substantially greater magni 

trodes to a negative unidirectional biasing poten- 7s tude than the negative impulses, thereby assur 
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ing streater precision in control of electric valve 
means and U. 
The amount of current transmitted by the elec 

tric valve converting system and the amount 
of current transmitted to load circuit 2 are con 
trollable or adjustable by means of the phase 
shifter 25. As the phase of the impulses of volt 
age impressed on the control electrodes is ad 
Vanced toward the beginning of the positive half 
cycles of anode-cathode voltage, the amount of 
current is correspondingly increased, and as the 
phase of the positive impulses is retarded the 
load current is decreased. It will be appreciated 
that the amount of current transmitted to the 
load circuit may also be determined by control 
ling the phase of the voltage produced by peak 
ing transformer 2, in which case, however, it 
will be understood that the voltages impressed 
on control members 8 and control electrodes 
must be in substantial phase coincidence, or the 
potentials impressed on control electrodes to 
Intist lag those impressed on control members 8. 
While I have shown and described my invention 

as applied to a particular system of connections 
and as embodying various devices diagrammati 
cally shown, it will be obvious to those skilled in 
the art that changes and modifications may be 
made without departing from my invention, and 
I, therefore, aim in the appended claims to cover 
all such changes and modifications as fall 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. In combination, an alternating current cir 

cult, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means including an anode, a cath 
ode, a control member of the immersion-igniter 
type associated with said cathode and a control 
electrode within the vicinity of said anode, means 
for supplying to said control member a periodic 
voltage to establish a cathode spot, and means 
for supplying to said control electrode a periodic 
voltage of predetermined phase displacement re 
ative to the voltage of said supply circuit and 
comprising in series relation with said control 
electrode a parallel connected unidirectional con 
ducting device and a resistance. 

2. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric Wave means including an anode, a cath 
ode and a control member of the immersion 
inter type associated with said cathode, and 
an excitation circuit for energizing said control 
member comprising a source of alternating cur 
rent, transforming means energized fron said 
source and including a winding section having a 
pair of terminals and an intermediate connec 
tion, said intermediate connection being con 
nected to said cathode, means connected between 
one of said terminals and said control member 
and comprising a rectifer of the dry type for 
transmitting unidirectional current to said con 
trol member and a resistance connected between 
the other terminal and said control member. 

3. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means including an anode, a cath 
ode and a control member of the immersion 
igrater type associated with said cathode, and an 
excitation circuit for energizing said control 
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3 
rent, transforming means including a winding 
section having a pair of terminals and an inter 
mediate connection, said intermediate connec 
tion being connected to said cathode, means con 
nected between one of said terminal connections 
and said control member and comprising a recti 
fler of the dry type for transmitting unidirec 
tional current to said control member and a re 
sistance connected between the other terminal 
and said control member and having a value sub 
stantially equal to the average inverse resistance 
of said rectifier for maintaining said control 
member at cathode potential during the nega 
tive half cycles of voltage of said source. 

4. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means including an anode, a cath 
Ode, a control member of the innerson-igniter 
type associated with said cathode and a transfer 
electrode, a source of alternating current con 
prising transforning means having a winding 
section provided with a pair of terminal connec 
tions and a connection intermediate said terminal 
connections, the intermediate connection being 
connected to said Cathode, means for transmit 
ting impulses of unidirectional current to said 
control member comprising a resistance and a dry 
rectifer connected between one of said terminals 
and said control member, means for connecting 
said transfer electrode to said one terminal, and 
means for maintaining said control member at 
cathode potential during inverse half cycles of 
voltage of said source and comprising a resist 
ance connected between the other terminal and 
said control member, said resistance having a 
value equal to the average inverse resistance of 
said dry rectifer. 

5. In combination, an alternating current cir 
cult, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means including an anode, a cath 
ode of the mercury pool type, an immersion-ig 
inter control member in contact with said Cath 
ode and a control electrode within the vicinity of 
said anode, a source of alternating current Com 
prising transforming means having a winding Sec 
tion provided with a pair of terminals and a con 
nection electrically intermediate said terminals for 
transmitting impulses of unidirectional current 
to said control member to establish arc discharges 
within said electric valve means and comprising 
a dry rectifier connected between one of said ter 
minals and said control member, means for main 
taining said control member at cathode potential 
during the inverse half cycles of voltage of said 
source and comprising a resistance connected be 
tween said control member and the other ter 
minal, and Ineans connected to said control elec 
trode for determining the time during the cycles 
of voltage of said alternating current circuit at 
which current flow is initiated between said anode 
and said Cathode. 

6. In combination, an alternating current cir 
cuit, a load circuit, electric translating.apparatus 
connected between said circuits and comprising 
electric valve means including an anode, a cath 
Ode, a control member of the innersion-gaiter 
type associated with said cathode and a control 
electrode within the vicinity of said anode, means 
for supplying to said control member a periodic 
Voltage of peaked wave form comprising a source 
of alternating current and a peaking transforter 

member comprising a source of alternating cur- To having winding means connected to said control 



4. 
member, and means for supplying to said control 
electrode a periodic voltage of predetermined 
phase displacement relative to the voltage of the 
supply circuit and for controlling the time of 
initiation of current flow between said anode and 
said cathode and comprising a unidirectional con 
ducting device and a resistance in parallel with 
said unidirectional conducting device. 

7. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means including an anode, a cath 
ode, a control member of the immersion-igniter 
type associated with said cathode, a control elec 
trode within the vicinity of said anode and con 
prising an ionizable medium capable of support 
ing an arc discharge, means for supplying to said 
control member a periodic voltage to establish 
cathode spots on said cathode, and means for 
controlling the time during the cycles of anode 
cathode voltage at which said electric valve means 
is rendered conducting and comprising a resist 
ance and a rectifer connected across said resist 
ance for increasing the flow of positive current 
to said control electrode. 

8. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means including an anode, a Cath 
ode, a control member of the immersion-igniter 
type associated with said cathode, a control elec 
trode within the vicinity of said anode and en 
ploying an Onizable medium capable of support 
ing an arc discharge, means for transmitting to 
said control member periodic impulses of current 
of peaked wave form to ionize said medium, and 
means for energizing said control electrode to 
control the time during the half cycles of voltage 
of Said alternating current circuit at which cur 
rent flow is initiated between said anode and said 
cathode and comprising means for producing a 
periodic voltage and means connected between 
Sald last mentioned means and said control elec 
trode and comprising in parallel relation a und 
directional conducting device and a resistance, 

9. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve' means including an anode, a cath 
ode, ignition means, a control electrode within 
the vicinity of said anode and employing an ion 
izable medium capable of supporting an arc dis 
charge, means for energizing said ignition means 
and for ionizing said medium only during half 
cycles of positive voltage of its associated anode, 
and means for energizing said control electrode 
to control the time during the half cycles of volt 
age of said alternating current circuit at which 
current flow is initiated between said anode and 
said cathode and comprising means for producing 
a periodic voltage and means connected between 
Said last mentioned means and said control elec 
trode and comprising in parallel relation a rec 
tifier and a resistance. 

10. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means including an anode, a cath 
ode, ignition means associated with said cath 
ode, a control electrode, said electric valve means 
enploying an ionizable medium capable of sup 
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porting an arc discharge, means for transmitting . 
to said ignition means periodic impulses of cur 
rent of peaked wave form to ionize said medium, 
and means for energizing said control electrode 75 
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to control the time during the half cycles of volt 
age of said alternating current circuit at which 
current flow is initiated between said anode and 
said cathode and including a transformer and 
means connected between said transformer and 
said control electrode for transmitting positive 
impulses of current thereto and comprising in 
parallel relation a unidirectional conducting de 
vice and a resistance. 

11. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuit and comprising 
electric valve means including an anode, a 
cathode and a control member of the immersion 
igniter type associated with said Cathode, and an 
excitation circuit for energizing said control 
member comprising a source of alternating cur 
rent, transforming means energized from said 
source and including a winding section having a 
pair of electrically displaced connections and a 
connection electrically intermediate said pair of 
connections, said intermediate connection being 
connected to said cathode, means connected be 
tween one of said pair of connections and said 
control member and comprising a rectifier of the 
dry type for transmitting unidirectional current 
to said control member and means connected be 
tween a point intermediate said control member 
and said rectifier and the other connection of said 
pair for maintaining said control member sub 
stantially at the potential of said intermediate 
connection during the inverse half cycles of volt 
age of said source. 

12. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric Yalve means including an anode, a cath 
ode, a control member of the immersion-igniter 
type associated with said cathode and a control 
electrode, said electric valve means employing an 
lonizable medium capable of supporting an arc 
discharge, means for energizing said control men 
ber to establish arc discharges within said elec 
tric valve means and comprising peaking means 
for transmitting said control member impulses 
of current of peaked wave form, and means for 
impressing on said control electrode a voltage of 
peaked wave form and variable in phase displace 
ment relative to the voltage of said control men 
ber to determine the time during the cycles of 
voltage of said alternating current circuit at 
which the flow of current between said anode and 
said cathode is initiated. 

13. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means including an anode, a 
cathode, a control member of the innerson-ig 
Inter type associated with said cathode, a reliev 
ing anode and a control electrode within the 
vicinity of said anode, said electric valve means 
employing an ionizable medium capable of sup 
porting an arc discharge, excitation means for 
energizing said control member and comprising 
means for producing periodic impulses of voltage 
of peaked wave form to initiate arc discharges 
within said electric valve means, means for con 
necting said relieving anode to the last men 
tioned means, and means for impressing on said 
control electrode impulses of voltage of peaked 
wave form in order to control the times during 
the cycles of voltage of said alternating current 
circuit at which current flow is initiated between 
said anode and said cathode. 
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14. In combination, an alternating current cir 

cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means including an anode, a 
cathode, a control member of the immersion 
igniter type associated with said cathode, a re 
lieving anode and a control electrode within the 
vicinity of said anode, means for impressing on 
said control electrode a biasing potential tending 
to prevent the transfer of current between said 
anode and said cathode, excitation means for sup 
plying to said control member periodic impulses 
of current of peaked Wave form to establish arc 
discharges within said electric valve means, 
means for connecting the last mentioned means 
to said relieving anode, and means for impressing 
on said control electrode periodic voltages of 
peaked Wave form sufficient in magnitude to over 
come the effect of said biasing potential to con 
trol thereby the times during the cycles of voltage 
of add alternating current circuit at which cur 
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rent flow is initiated between said anode and said 
Cathode, 

15. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means capable of supporting an arc 
discharge and including an anode, a Cathode, 
immersion igniter means associated with said 
cathode for ionizing said medium and a control 
electrode, means for energizing said igniter 
means, means for impressing a biasing potential 
on said control electrode tending to maintain said 
electric valve means nonconducting, and means 
for impressing on said control electrode a periodic 
voltage of peaked wave form variable in phase 
displacement relative to the voltage of said in 
mersion igniter means and sufficient in magni 
tude to overcome the effect of said biasing poten 
tial for rendering said electric valve means con 
ducting. 
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14. In combination, an alternating current cir 

cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means including an anode, a 
cathode, a control member of the immersion 
igniter type associated with said cathode, a re 
lieving anode and a control electrode within the 
vicinity of said anode, means for impressing on 
said control electrode a biasing potential tending 
to prevent the transfer of current between said 
anode and said cathode, excitation means for sup 
plying to said control member periodic impulses 
of current of peaked Wave form to establish arc 
discharges within said electric valve means, 
means for connecting the last mentioned means 
to said relieving anode, and means for impressing 
on said control electrode periodic voltages of 
peaked Wave form sufficient in magnitude to over 
come the effect of said biasing potential to con 
trol thereby the times during the cycles of voltage 
of add alternating current circuit at which cur 
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rent flow is initiated between said anode and said 
Cathode, 

15. In combination, an alternating current cir 
cuit, a load circuit, electric translating apparatus 
connected between said circuits and comprising 
electric valve means capable of supporting an arc 
discharge and including an anode, a Cathode, 
immersion igniter means associated with said 
cathode for ionizing said medium and a control 
electrode, means for energizing said igniter 
means, means for impressing a biasing potential 
on said control electrode tending to maintain said 
electric valve means nonconducting, and means 
for impressing on said control electrode a periodic 
voltage of peaked wave form variable in phase 
displacement relative to the voltage of said in 
mersion igniter means and sufficient in magni 
tude to overcome the effect of said biasing poten 
tial for rendering said electric valve means con 
ducting. 
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