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(C. 15-363) 20 Cais. 

This invention relates in general to improve 
ments in electric valve control systems and more 
particularly to means for controlling the opera 
tion of a group of electric valves of the liquid 
Cathode type forming part of an electric current 
Converting System and provided with a common 
evacuating apparatus. 

Electric valves of the liquid cathode type utilized 
in current converting Systems are generally pro 
Wided With excitation anodes to which current is 
Supplied to maintain the cathode in electron emis 
Sive Condition regardless of the presence or ab 
Seace of Current through the main anode. When 
the anodes of a plurality of valves are enclosed 
Within a common casing and are associated with 
a Common Cathode, the current impulses of the 
nain anodes generally overlap and result in a 
Continuous current which maintains the cathode 
continuously emissive. It is then unnecessary to 
maintain a separate stable excitation arc at the 
cathode while current is flowing through the 
anodes and such arc is needed only when the 
angdes do not carry any appreciable current. 
Walves in Which the cathode current is discon 

tinuoll.S. Such as the valves provided with a single 
main anode, require excitation current under all 
loafi conditions to maintain the cathode emissive 
between periods of current conduction of the 
main anode. It has been found, however, that it 
is difficult to maintain, in a valve of this type, 
either a continuous excitation arc or a succession 
of CVeriapping periodic arcs under all contem 
plated load conditions because of the wide varia 
tin of vapor pressure and of wall temperature 
brClight about by the variations in the load cur 
rent. The excitation arc may generally be main 
tained stable under all conditions by supplying 
the excitation anode or anodes with current of 
relatively high intensity under a relatively high 
Voltage. AS, however, the excitation current is 
entirely wasted by conversion into heat, it is 
important for reasons of economy to reduce the 
power consumed in the excitation circuit to a 
minimum anourt. 

It has been found that this result inay be 
achieved by maintaining in each valve two inde 
pendet low power excitation arcs of which one is 
Stable under low load conditions of the cathode 
and tile other is stable under high load conditions 
of the cathode. One of the excitaticn arcs is 
preferably a continuous arc which is sensitive to 
the gas pressure within the casing. The valves 
may be connected to a common evacuating sys 
tem and the relative gas pressure within the dif 
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ferent valves or the occurrence of abnormal gas 
pressures therein may be determined by observ 
ing the variations of their excitation currents. 
hese variations may also be utilized for control 

ling the operation of the System. 
It is therefore one object of the present inven 

tion to provide a control System for an electric 
Valve by means of which the Valve may be main 
tained conductive With a minimum expenditure 
of excitation power. 
Another object of the present invention is to 

provide a control System for a plurality of cooper 
atting electric valves by means of which each 
valve is provided with a plurality of low power 
excitation arcs Which are stable for different 
anges of current intensity through the valves. 
Another object of the present invention is to 

provide a control System for a plurality of cooper 
atting electric valves by nineans of which the flow of 
Current through all the valves may be interrupted 
upon unsuccessful operation of the ignition appa 
ratus of any valve during a predetermined length 
of time. 
Another object of the present invention is to 

provide a control System for a plurality of coop 
erating electric valves by means of which the 
Valves may be rendered non-conductive by dis 
connecting the excitation anodes of the valves 
from the source of supply therefor. 
Another object of the present invention is to 

provide a control System for a plurality of cooper 
atting electric valves by means of which the rela 
tive values of the gas pressures within the dif. 
ferent valves may be determined from the values 
of the excitation currents of the valves. 
Another object of the present invention is to 

provide a control system for a plurality of coope 
atting electric valves by means of which the occur 
reince of a temporary or permanent excessive 
increase in the gas pressure of any one of the 
Valves may be determined from the failure of the 
excitation current of the valve. 

Objects and advantages other than those above 
Set forth Will be apparent from the following 
description. When read in connection with the 
accompanying drawing, which diagrammatically 
illustrates one embodiment of the present inven 
tion applied to the control of a group of six valves 
forming part of an alternating current rectifying 
System. 

Referring more particularly to the drawing by 
characters of reference, a polyphase alternating 
Current circuit 6 is to be connected with a direct 
Current circuit through a converting system 
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comprising a transformer 8 and a plurality of 
interconnected electric valves 9 to 4 inclusive. 
Circuit 6 is a supply circuit energized from a suit 
able generator (not shown) and circuit T is an 
Output circuit transmitting current to suitable 
load devices (not shown). The load devices may 
be electric motors utilized for a service calling 
for a flow of current of widely variable intensity 
Such as electric traction. 
Transformer 8 comprises a primary winding 6 

Subdivided into a plurality of phase portions con 
nectable with circuit 6 through a switch 7 serving 
to control the connections between circuits 6 and 
7 through the valves. Winding 6 is inductively 
related to a secondary winding 3 constituting a 
network divided into a plurality of pairs of oppo 
Site phase portions. The different pairs of phase 
portions of Winding fa are severally connected 
with one of the conductors of circuit 7 through 
pairs of valves such as valves 9, 12. 
is preferably arranged to define a plurality of 
neutral points severally connected with the other 
conductor of circuit 7 through an interphase 
transformer 9. 

Valves 9 to 4 are preferably of a uniform de 
sign, each valve comprising a casing which may 
be made of insulating or of electrically conduc 
tive material. The casing 2 of valve 9 and the 
Casings of valves 0 to 4 are connected to a 
Common evacuating means such as a pump 2 
of the diffusion type discharging into another 
pump 22 of the sliding vane rotary type. Pump 
2 comprises a resistance heater 23 connected 
With circuit 6 through a transformer 24. Pump 
22 is actuated by a motor 25 connected with 
transformer 24. The connection between pump 
2 and the different valve casings is preferably 
effected through a manifold 27 of relatively large 
diameter connected With each casing through an 
insulating joint as at 28 and through a stop 
cock or valve as at 29. Valve 9 comprises a cath 
ode 39 consisting of a pool of suitable electrically 
conductive material, such as mercury, which is 
preferably insulated from the associated casing 
20. Walve 9 further comprises a single Instin 
anode 3 cooperating with cathode 3G for the flow 
of current betWeen circuits 6 and connected 
therewith. 
Each of the valves 9 to 14 is rendered con 

ductive and is maintained conductive by an ig 
nition-excitation system comprising a plurality 
of excitation anodes. Walve 9 for example coin 
prises an ignition-excitation anode 32 arranged 
adjacent the surface of cathode 30 at a distance 
of approximately one inch therefrom. Direct 
current may be supplied to anode 32 from cir 
cuit 6 through transformer 24, the main con 
tacts of a control switch or contactor 33, a single 
phase or polyphase transformer 34, a suitable 
rectifying device 35, the coil of a time delay ig 
nition relay 36, an electro-responsive device such 
as an annetter 3, and a resistor 38. The cur 
rent of anode 32 returns to rectifier 35 through 
cathode 33 and a current, Snoothing reactor 39. 
Momentary engagement of anode 32 with cath 

Ode 3) to establish a cathode spot tendering the 
cathode emissive is controlled by means of a 
solenoid 40 which may be energized from circuit 
6 through transformer 26, switch 33, and con 
tacts 36a of ignition relay 35. Solenoid 4 may 
cause engagement of anode 32 with cathode 33 
in any known manner, for example, by attract 
ing an armature forming a piston projecting a 
jet of cathode material against anode 32. An 
annunciator 4 is connected in parallel with Sole 
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noid 45 to indicate that the ignition system of 
Valve 9 has Operated. Similar means are sever 
ally associated with the other valves for initiating 
and for maintaining therein continuous excita 
tion arcs. 

Further excitation means provided for valves 
9 to 4 are divided into three groups each asso 
Ciated with a pair of valves. The two valves of 
a pair, such as valves 9 and 2, are preferably 
CiCSen having the main anodes thereof connected 
With opposite phases of winding 8. Valve 9 is 
provided with a pair of excitation anodes 42, 43, 
and Valve f2 is similarly provided with a pair of 
excitation anodes 44, 45. Each of these excita 

3 tion anodes is preferably arranged at a distance 
of substantially three inches from the associated 
Cathode and is provided with the usual shielding 
lineans for enhancing its stability of operation. 

Excitation anodes 42 to 45 receive current from 
One of the Secondary phase portions 46 of a 
transformer 47 energized from circuit 6 through 
transformer 24 and switch 33. One terminal 
of Winding $6 is connected with excitation anodes 
42, 44 through a pair of connections comprising 
resistors 48, 49 and these connections are induc 
tively linked by the winding of a paralleling re 
actor 59 to force simultaneous flow of current 
therethrough. The other terminal of winding 
46 is similarly connected with excitation anodes 
43, 45 through another pair of connections com 
prising resistors 5, 52, and another paralleling 
reactor 53. The current of excitation anodes 42 
to 45 returns to the midtap connection provided 
in Winding 45 through a smoothing reactor 54. 
Similar means are severally associated with the 
pairs of Valves 9, 3 and f f, 4. 
Switch 33 controlling the supply of excitation 

current to valves 9 to 4 may be closed by means 
of a push button switch 56 connecting the switch 
coil with transformer 24. Upon closure of switch 
33, a holding circuit therefor is completed 
through the contacts of an overload relay 57 and 
the contacts of a time delay lockout relay 58. 
The Coil of relay 57 is connected with a current 
transformer 59 inserted in one of the conductors 
of circuit 6. The coil of relay 58 may be ener 
gized from rectifier 35 through the contacts of an 
auxiliary time delay relay 60. The coil of relay 
60 may be energized from rectifier 35 through 
contacts 36b of ignition relay 36 or through the 
Similar contacts of any of the other ignition re 
lays, such contacts being connected in parallel. 
Switch 33 is provided with auxiliary contacts 33a 
for connecting transformer 24 with the trip coil 
fila of switch 7 upon opening of switch 33. 
The System being connected as shown on the 

drawing and circuit 6 being energized, pumps 2f 
and 22 are first operated for a sufficient length 
of time to reduce the gas pressure within the 
Wave casings to the desired value as indicated 
by the usual vacuum meter (not shown). The 
System may then be put in operation by momen 
tarily cloesing push button switch 56. Current 
then flows from transformer 24 through push 
button switch 58 and the coil of switch 33. 
Switch 33 closes and completes its holding cir 
cuit through the contacts of relays 57 and 58. 
Upon closure of switch 33, current is supplied 

therethrough simultaneously to the ignition sole 
noids and to the annunciators associated with 
all the valves as well as to the coil of relay 60. 
Solenoid 40 and annunciator 4, for example, 
receive current through contacts 36a of relay 36, 
and the annunciator releases its shutter. Sole 
noid 40 attracts the associated piston to cause 
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a jet of cathode material to impinge on anode 
32. An ignition circuit is thereby completed from 
rectifier 35 through the coil of relay 36, ammeter 
3, resistor 38, anode 32, cathode 30, and reactor 
39 back to the rectifier. Relay 36 immediately 
opens contacts 36a, thereby disconnecting sole 
noid 40 from circuit 6. The jet of cathode ma 
terial is thereby broken and the fiOW of current 
between anode 32 and cathode 39 thereupon takes 
place through an arc Which renders the Cathode 
electron emissive. 
Anode 3 does not carry current as Switch 

is still open and the arc between anode 32 and 
cathode 30 is stable even if only a relatively low 
amount of energy is dissipated in its circuit. A 
stable arc may be maintained when the output 
voltage of rectifier 35 is 25 volts and resistor 38 
is adjusted to limit the current through anode 
32 to two amperes. The arc is accordingly main 
tained at anode 32 and maintains Walve 9 con 
ductive. Continuous excitation arcs are estab 
lished substantially simultaneously in all the 
valves in the Sarine manner. All the excitation 
relays having operated, relay 59 is deenergized and 
returns to the position shown after a predeter 
mined time delay. The coil of relay 58 is there 
by deenergized before relay 58 has opened its 
contacts. 
When the different Cathodes are rendered enis 

sive, the potentials impressed from transformer 
47 on the excitation anodes such as 2, 43 initiate 
additional excitation arcs thereat. More particul 
larly, when Winding 6 brings anodes A2, A4 to a 
Sufficient positive potential. With respect to the 
cathode potential, current impulses flow through 
anodes 42, 44, the flow of current therethrough 
being forced to occur simultaneously by the ac 
tion of reactor 59. This action is repeated during 
every other half cycle of the voltage of circuit 
6 to cause the occurrence of periodic arcs at, 
anodes 42, 44. 

During the intervening half cycles, periodic arcs 
are likewise established at anodes 43, A5 and the 
flow of current therethrough is forced to take 
place simultaneously by the action of reactor 53. 
The two sets of periodic arcs are, however, caused 
to overlap by the action of reactor 54 so that 
anodes. 42, 43 for example supply to cathode 38 
a continuous excitation current independently of 
the current of anode 32. 
54 may be of intensity as low as eight amperes 
When the voltage of winding 46 has a value of 
thirty volts. 
When anode 3 is without current, the arcs 

of anodes 42, 43 would not be sufficiently stable in : 
the absence of Current at anode 32, but the arc 
of anode 32 is stable under such conditions, and 
maintains the arcs of anodes 62, 43 in stable op 
eration. The excitation arcs being established 
in the valves, switch it may be closed. Valves 
9 to 4 then transmit current from circuit 3 to 
circuit 7 in the Well known usual manner. 

ihe flow of current through each Waye takes 
place in non-consecutive periodic impulses. For 
example, anode 3 carries a current impulse Once 
during every cycle of the voltage of circuit is 
when the anode is brought by Winding 8 to a 
potential which is higher than the potentials of 
the other anodes. Anode 6 of Valves 2 carries 
current impulses which occur one-half cycle later 
than the current impulses of anode 3. The cur 
rent impulses of the different valves combine in 
to a substantially uniform flow of current de 
livered to circuit . After ciosure of Switch 
the annunciators are all reset by any preferred 
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known means in order that they may be able 
to indicate subsequent operations of the ignition 
System. -- 

When the flow of current through circuit is of 
relatively low intensity, below one hundred and 
fifty amperes, the continuous excitation arc at 
taching at anode 32 is stable and maintains the 
arcs of anodes 42 and 3 in stable operation. 
When the foW of current through the circuit, 
exceeds one hundred and fifty amperes, the Wa 
porized cathode material within casing 23 is at 
relatively high pressure and at a relatively high 
temperature. The Vapor also reaches a high de 
gree of ionization during the periods of current 
flow through anode 3. Under these conditions 
the relatively short arc of anode 32 would not 
be sufficiently stable in the absence of relatively 
long arcs at anodes 42, 43. 
The latter arcs are inherently stable during the 

portion of the Voltage cycle in which the voltages 
in pressed on anodes 42, 43 are relatively high but 
they are not reliably stable when the voltages 
impressed on the anodes are relatively low. The 
phase relation of transformers 8 and i is so 
chosen that during each cycle the voltage of Wind 
ing 6 reverses once during the current con 
ducting period of anode 3 and once during the 
current conducting period of anode 6. 

Let it be considered that at a particular no 
ment anode 3 is carrying current, while anodes 
É2, 4 also carry current under a decreasing volt 
age. When the potential of anodes 42, 44 be 
comes lower than the potential of anodes 83, 55, 
the flow of current through anodes 42, 44 is trans 
ferred to anodes 43, 5 by initiation of arcs there. 
at. The high degree of ionization of the vapor 
in valve 9 resulting from the flow of a high cur 
rent through anode 3 causes the establishment 
of the arc at anode 43 to take place instantly 
Without difficulty. The conditions are less fa 
vorable in valve 2 in which ionization is then pro 
duced only by the arc at the ignition excitation 
anode. If the arc is not immediately established 
at anode 45, the flow of current through anode 
43 and through reactor 53 causes impression on 
anode 45 of an inductive voltage impulse which 
is sufficient to cause formation of an arc at anode 
A5 to take over the current of ancide $4. 
One-half cycle later current is to be trans 

ferred back from anodes 43, 45 to arodes 42, 34. 
Ainode 6 is then carrying current and the trans 
fer of current from anode 45 back to anode 54 
takes place without difficulty. If the transfer 
of current from anode 3 back to anode 62 fails to 
take place immediately, the flow of current to 
anode 44 through reactor 58 causes impression 
on anode 32 of an inductive voltage impulse 
Which causes anode 42 to take over the current, 
of anode 43. The arc at anode 32 or anode 43 is 
thus maintained stable at every instant, thereby 
inSuring the stability of the arc at anode 3:. 
Stable excitation arcs are likewise maintained in 
the other valves by the combination of excita 
tion anodes and of paralleling reactors above de 
Scribed. 
The ignition resistors are preferably adjusted 

So that the readings of the ammeters are ail 
equal. While the arc at anode 32 is stabilized as 
above set forth under all conditions of vapor 
pressure and temperature resulting froin varia 
tion of the current of anode 3 É, this stability is 
affected by the presence of foreign gases withiin 
casing 28. These gases may be air leaking 
through a defective seal of the casing or other 
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gases...released from the material utilized in the 
valve as a result of the operation thereof. 

If gases appear in casing 20 for example, at a 
faster rate. than they can be removed by pumps 
2, 22, the gas pressure within the casing exceeds 
the value.normally maintained therein by opera 
tion of the pumps and the current indicated by 
ammeter 37 decreases to an extent commensurate 
with the increase in gas pressure. The gases, 
however, do not generally diffuse. from casing 23 
into the casings of the other valves because the 
connection between the casings is effected 
through manifold 2, which is constantly being 
evacuated by pumps. 2, 22. Inspection of the 
annetters Will therefore show that the excitation 
current of anode, 32 is lower than the currents 
of the corresponding anodes of the other valves, 
thereby indicating that the gas pressure in Valve 
9 is relatively greater than the gas pressure 
Within the other. Valves. 

If the gas pressure Within casing 23 becolines 
excessive, the arc at anode 32 becomes unstable 
and subject to extinction even though the aircS 
at anodes. 42, 3 and 3 may not be so affected. 
Upon failure of the flow. of current through valve 
9 by way of anode 32, the ignition System aSSo 
ciated With valve 9 is caused to operate. More 
particularly, relay 36 returns to... the position 
shown to reconnect Solenoid. 40 with transformer 
24. The Solenoid again attracts the ariate 
thereof to reestablish the arc at anode 32. if 
the increase in gas pressure in casing. 28 was 
only momentary, the arc, may be reestablished 
after a single operation of the ignition System or 
after, a Small number of Such OperationS. 

If the gas pressure remains excessive during 
a period of several seconds, relay 36 continues to 
operate to attempt to reestablish the arc. After 
each operation relay 38 returns to the position 
shown, thereby connecting the coil of relay 66 
with rectifier 35. Upon the first return of relay 
36 to the position shown, relay 68 instantane 
ously attracts its armature. Relay 60 is pro 
vided with suitable time delay means Which, 
maintain the armature attracted through each 
operation of relay 36. The contacts of relay 69 
are thus continuously maintained closed during 
the series of operations of relay 36 to maintain 
the coil of relay 58 energized. 

If the operation of relay 36 continues for a, it 
predetermined length of time depending on the 
adjustment of relay 58, the latter relay opens its 
contacts to deenergize the coil of SWitch 33. 
Switch 33 opens, thereby rendering the ignition 
means of all the valves ineffective and Simulta 
neously disconnecting the excitation anodes of 
all the valves from circuit 6. The flow of cui? 
rent through the valves is thereby interrupted, 
the valves being rendered non-conductive for lack 
of excitation current at the cathodes thereof. 
When switch 3 has returned to the position 
shown, contacts 33a connect trip coil fict of 
switch with transformer 24. The trip coil 
withdraws latch Tb, thereby causing Switch 
to open under the action of Spring lic. 
The operation of relay 36 also causes Opera 

tion of annunciator 4t which releases its shut 
ter to indicate that relay 36 has operated in re 
sponse to failure of the flow of current through 
anode 32. The other annunciatoi's, however, 
have not operated, so that an indication is ob 
tained that the gas pressure was. excessive Oniy 
in valve 9. 
may then be disconnected from manifold. 27 and 
the rate of increase of the gas pressure in cas 
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ing 2 and manifold 27: may be determined by 
means of the common vacuum meter, (not shown) 
usually associated . With , the: evacuating System. 
If Valve 9 has become permanently defective, stop 
cock 29 is closed and valve: 9 may be removed 
after disassembling its ... different electrical con 
nections and joint, 28. The valve may, then be 
repaired and reinstalled or a Space valve may 
be substituted therefor. 

If the flow of current through valve 9 becomes 
excessive because of overloading of circuit T or 
because of a backfire in any one of the valves, 
current transformer 59 Supplies to the coil of re 
lay 5, a current of sufficient magnitude to cause 
the relay to operate. Relay 57 opens the circuit 
of the coil of switch 33, which causes interrup 
tion of the foW of current through the valves 
and opening of switch in the manner above 
described. This . Operation, however, does not 
cause any of the ignition relays to function and 
none of the annunciators operates, thereby indi 
cating that the disconnection of the system was 
not due to excessive gas pressure. Within one of 
the Walves. 
Although but one embodiment of the invention 

has been illustrated and described, it will be ap 
parent to those skilled in the art that various 
changes and modifications may be made therein 
without departing. from the Spirit of the inven 
tion or from the Scope. Of the appended claims. 
Sorine of the features of the invention disclosed 
and claimed herein are also disclosed in Patent 
No. 2,251,484, issued August 5, 1941, to Samuel 
R. Durand, upon an application Serial No. 297,- 
20, filed September 30, 1939. 

it is claimed and desired to secure by Letters 
Fatent: 

1. The combination of a supply circuit, an out 
put circuit, a plurality of electric valves each 
comprising an anode and a cathode connected 
With said circuits for the flow of energy there 
between, means for controlling said flow of energy 
comprising a plurality of means each including 
an element of one of said valves for rendering 
Said valves conductive, and means for interrupt 
ing the flow of current between said circuits by 
Way of said Valves Comprising means responsive 
to continual operation of the first said means 
during a predetermined length of time. 

2. The combination of a supply circuit, an out 
put circuit, a plurality of electric valves each 
comprising an anode and a cathode connected 
With said circuits for the flow of energy there 
between, ignition means. Severally aSSociated with 
the different said valves for rendering Said valves 
conductive, means responsive to failure of the 
fioW of current through any one of Said. Valves 
for causing Operation of the said ignition means 
associated with the Said one of Said valves, and 
means for interrupting the fioW of current be 
tween said circuits by Way of Said, Valves com 
prising means responsive to continual Operation 
of any one of said ignition means during a pre 
determined length of time. 

3. The combination of a supply circuit, an out 
put circuit, a plurality of electric Valves each 
comprising an anode and a Cathode Connected 
With said circuits for the flow of energy there 
between, a switch for controlling, the connection. 
between said circuits through said valves, means 
for: controlling said flow of energy Comprising a 
plurality of means each including an element of 
One of said valves- for rendering said Cathodes 
emissive, and means, responsive to...an operating 
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condition of Said valves for rendering the first 
Said means ineffective and for causing opening 
of said Switch. 

4. The combination of a supply circuit, an out 
put circuit, a plurality of electric valves each 
comprising an anode and a cathode connected 
With said circuits for the flow of energy there 
betWeen, a SWitch for controlling the connection 
between said circuits through said valves, igni 
tion means Severally associated with the different 
said valves for rendering said cathodes emissive, 
means responsive to failure of the flow of current 
through any one of said valves for causing op 
eration of the said ignition means aSSociated with 
the said one of Said valves, and means responsive 
to continual Operation of any of Said ignition 
means during a predetermined length of time for 
reindering said ignition means ineffective and for 
causing Opening of said Switch. 

5. The combination of an electric Valve con 
prising a cathode and excitation anode means, 
means for rendering said valve conductive, means 
comprising a source of current connected With 
said excitation anode means for supplying a Con 
tinuous excitation current to said cathode to 
maintain said valve continuously conductive, and 
means for rendering said valve non-conductive 
comprising means responsive to an operating con 
dition of said valve for disconnecting said Source 
from said excitation anode means. 

6. The combination of a supply circuit, an Ott 
put circuit, a plurality of electric valves each 
comprising an anode and a cathode connected 
with said circuits for the fow of energy there 
between and excitation ancae means, means for 
rendering said valves conductive, neans coin 
prising a source of current connected with said 
excitation anode means for Supplying continu 
ous excitation current to each of said cathodes 
to maintain said valves continuously conductive, 
and means for rendering said valves non-CO 
ductive comprising means responsive to an Oper 
ating condition of said valves for simultaneously 
disconnecting ail said excitation anode means 
fi'orn Said Source. 

7. In a control circuit, for an electric Valve 
comprising a main anode and a cathode for the 
flow of current of variable intensity, a plurality 
of excitation anodes arranged within said waive, 
means comprising a source of alternating current 
connected with said cathode and with said ex 
citation anodes for producing a plurality of Over 
lapping periodic excitation arcs therebetween 
which are stable during flow of current of rela 
tively high intensity between said main anode 
and said cathode, and means comprising a, Source 
of direct current connected with said cathode 
and with one of said excitation anodes for main 
taining a continuous excitation arc theireke 
tween which is stable during flow of current of 
relatively low intensity between Said Iain an 
Ode and Said cathode. 

8. In a control circuit for an electric Valve 
comprising a main anode and a catinode for the 
flow of current of variable intensity, a plurality 
of excitation anodes arranged within said valve, 
means cornprising a source of direct current con 
nected with said cathode and with one of Said 
excitation anodes and means for causing mo 
mentary engagement of said cathode with said 
One of said excitation anodes to initiate and 
maintain therebetween a continuous excitation 
arc which is stable during flow of current of rela 
tively low intensity betWeein said main anode and 
said cathode, and means comprising a Source of 

O 

5 
alternating current connected with said excita 
tion anodes and With said cathode for producing 
a plurality of overlapping periodic excitation 
arcs therebetween which are stable during flow 
of Current of relatively high intensity between 
Said main anode and said cathode. 

9. The combination of an electric valve com 
prising a Single main anode, a cathode, and a 
plurality of excitation anodes, a source of period 
ic Current connected With said main anode and 
With Said cathode for the flow of non-consecul 
tive periodic current impulses of variable inten 
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sity therebetween, means comprising a source of 
direct current connected with said cathode and 
With one of Said excitation anodes for producing 
a continuous excitation arc which is stable dur 
ing the intervals between said current impulse 
and during the flow of said current impulses of 
relatively low intensity, and means comprising 
a source of alternating current connected with 
Said Cathode and With others of Said excitation 
& addeS for producing a plurality of overlapping 
periodic excitation arcs therbetween which are 
stable during flow of said current impulses of 
relatively high intensity. 

10. The combination of a plurality of inter 
connected electric valves each comprising a sin 
gle main anode, a cathode, and a plurality of ex 
citation anodes, means comprising a source of 
periodic current connected with said main an 
Odes and With Said Cathodes to cause the fiOW of 
periodic current impulses alternately between the 
different said main anodes and said cathodes, 
and means for maintaining excitation arcs in 
said Valves comprising a source of alternating 
Current connected With said cathodes, a plurality 
of connections betWeen said source of alternat 
ing current and a group of said excitation anodes 
associated with different ones of said cathodes 
for the supply of Current impulses from said 
source of alternating current to said group of 
excitation anodes, and means inductively link 
ing said connections for causing the periods of 
occurrence of said current impulses to coincide. 

11. The combination of a pair of intercon 
nected electric Valves each comprising a single 
main anode, a Cathode, and excitation means 
comprising a pair of excitation anodes, means 
comprising a source of periodic current connect 
ed. With said main anodes and With said cathodes 
to cause the flow of periodic current impulses al 
ternately between the said main anodes and the 
said cathodes, and means for maintaining ex 
citation arcs in said valves comprising a source 
of alternating current connected with said cath 
Odes, a pair of connections between said source 
of alternating current and one excitation anode 
of each of Said Waives to cause simultaneous in 
preSSion thereoin of arc initiating potentials 
during fiOW of current through one of said main 
anodes, means inductively linking said connec 
tions to force simultaneous flow of current there 
through, a second pair of connections between 
Said source of alternating current and the re 
Ilaining Said excitation anodes to cause sinul 
taneous impression thereon of arc initiating po 
tentials during flow of current through the other 
O2e of Said main anodes, and means inductively 
linking the Second said connections to force si 
multaneous flow of current therethrough. 

12. The combination of a pair of intercon 
nected electric valves each comprising a single 
main anode, a cathode, and a plurality of exci 
tation anodes, means comprising a source of peri 
odic current connected with said main anodes 
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and With said cathodes to cause the flow of peri 
Odic current inpulses alternately between the said 
main anodes and the said cathodes, and means for 
maintaining excitation arcs in said valves under 
all conditions of current flow therethrough con 
rising a source of alternating current connected 

With said Cathodes, a pair of connections be 
tWesan Said Source of alternating current and 
Cne excitation anode of each of said valves to 
cause simultaneous impression thereon of arc ini 
tiating potential during flow of current through 
One of Said main anodes, means inductively link 
ing said connections to force simultaneous flow 
of Current therethrough, a second pair of con 
ections between said source of alternating cur 
eit and another excitation anode of each of 
said valves to cause simultaneous impression 
thereon of arc initiating potential during flow of 
current through the other one of said main an 
Odes, means inductively linking the second said 
connections to force simultaneous flow of cur 
I'eint, therethrough, and a source of direct cur 
reint connected With said cathodes and with a 
third excitation anode of each of said valves to 
maintain continuous excitation arcs therebe 
tWeen. 

13. The combintaion of a plurality of inter 
Connected electric valves each comprising a cas. 
ing, Ilain anode means and a cathode, means for 
naintaining said Cathodes continuously emissive 
Comprising all excitation anode in each of Said 
Casings and a source of direct current connected 
With Said excitation anodes and With said cath 
Odes, evacuating means connected with each of 
Said Casings, and means for indicating the rela 
tive Values of the gas pressures within the dif 
ferent said Casings comprising a plurality of elec 
toresponsive devices Severally coanected be 
tWeen Said source and the different said excita 
tion anodes. 

14. The combination of a plurality of inter 
coninected electric valves each comprising a cas 
ing, main anode means and a cathode, means for 
maintaining said cathodes continuously emissive 
comprising an eXcitation anode in each of said 
Casings and a source of direct current connected 
With said excitation anodes and with said cath 
Odes to maintain excitation arcs therebetween, 
each Said excitation arc being Subject to extinc 
tion upon eXcessive increase of the gas pressure 
Within the corresponding casing, ignition means 
Severally associated with the different said valves 
for establishing said excitation arcs, relay means 
I'esponsive to failure of the Said excitation arc 
of any one of said valves for causing operation 
Of the Said ignition means associated With the 
Said one of said valves, evacuating means con 
nected with each of Said casings, and means for 
indicating in which of said casings an excessive 
gas pressure occurs comprising indicating means 
responsive to operation of said relay means. 

15. The combination of a supply circuit, an 
Output circuit, a plurality of electric Valves each 
Comprising a casing containing main ancide means 
&nd a Cathode connected. With said circuits for 
the flow of energy therebetween, a switch for 
controlling the connection between said circuits 
through said valves, means for maintaining said 
cathodes continuously emissive comprising an ex 
citation anode in each of said casings and a source 
of direct current connected with said excitation 
anodes and With said cathodes to maintain ex 
citation arcs therebetween, each said excitation 
arc being subject to extinction upon excessive in 
crease of the gas pressure Within the correspO;ad 
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ing Casing, ignition - means - Severally associated 
With the different said valves for establishing 
Said excitation arcs, relay means responsive to 
failure of the said excitation arc of any one of 
said valves for causing operation of the said igni 
tion means associated With the said one of said 
valves, means responsive to operation of said re 
lay means during a predetermined length of time 
for rendering said relay means ineffective and 
for causing opening of said Switch, evacuating 
means connected with each of said casings, and 
means for indicating in which of said casings 
an excessive gas pressure resulted in the oper 
ation of said switch comprising indicating means 
responsive to operation of said relay means. 

16. The combination with a supply circuit, an 
output circuit, a plurality of electric valves each 
having an anode and a cathode connected with 
said circuits for the flow of current therebetween 
and each having excitation anode means, igni 
tion means distinct from said excitation anode 
means severally associated with the different said 
cathodes for rendering said valves conductive, 
and means comprising a source of current con 
nected with said excitation anode means for 
Supplying continuous excitation current to each 
of Said cathodes to maintain said valves con 
tinuously conductive independently of said 
ignition means, of means for rendering said 
valves simultaneously non-conductive for the 
flow of current between said circuits comprising 
timing means responsive to initiation of the oper 
ation of said ignition means for rendering said 
excitation current supply means inoperative 
after a predetermined time interval. 

17. The combination with a supply circuit, an 
output circuit, a plurality of electric valves each 
having an anode and a cathode connected With 
said circuits for the flow of current therebetween 
and each having excitation anode means, a 
switch for controlling the connection between 
said circuits through said valves, and ignition 
means for rendering and maintaining Said valves 
conductive comprising a source of current con 
nected with said excitation anode means for sup 
plying excitation current to each of said cath 
odes, of means responsive to an operating con 
dition of said valves for rendering said ignition 
means inoperative and thereafter causing open 
ing of Said SWitch. 

18. The combination with a supply circuit, an 
output circuit, a plurality of electric valves each 
having an anode and a cathode connected with 
Said circuits for the flow of current therebetween 
and each having excitation anode means, a 
Switch for controlling the connection between 
said circuits through said valves, and ignition 
means for rendering and maintaining said valves 
conductive comprising a source of Current con 
nected With said excitation anode means for 
supplying excitation current to each of said cath 
odes, of timing means responsive to the opera 
tion of said ignition means for rendering said 
ignition means in operative and thereafter caus 
ing opening of said Switch after a predetermined 
time interval. 

19. The combination with a supply circuit, an 
output circuit, a plurality of electric valves each 
ihaving an anode and a cathode connected with 
Said circuits for the flow of current therebetween 
and each having excitation anode means, ignition 
means distinct from said excitation anode means 
Severally associated with each of said valves for 
rendering said valves conductive, and excitation 
means comprising a source of current connected 
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with said excitation anode means for supplying 
Current to each of said Cathodes to maintain Said 
valves continuously conductive independentiy of 
said ignition means, of relay nineans responsive to 
failure of the flow of excitation current through 
any one of said valves for causing operation of 
the ignition means associated with said one of 
said valves, and timing means responsive to con 
tinued operation of Said relay means during a 
predetermined time interval for rendering the 
ignition and excitation means of all said valves 
inoperative. 

20. The combination with a Supply circuit, an 
output circuit, a plurality of electric valves each 
having an anode and a cathode connected with 
said circuits for the flow of current therebetween 
and each having excitation anode means, a 
switch for controlling the connection between 
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said circuits through said valves, ignition means 
severally associated with each of said valves for 
rendering said valves conductive, and excitation 
means comprising a source of current Connected 
with said excitation anode means for Supplying 
current to each of said cathodes to maintain Said 
valves continuously conductive, of relay means 
responsive to failure of the flow of excitation cur 
rent through any one of said valves for causing 
operation of the ignition means associated with 
said one of said valves and tinning means respon 
sive to continued operation of said relay means 
during a predetermined time interval for render 
ing the ignition and excitation means of all Said 
valves inoperative and for thereafter causing 
opening of said Switch. 

SAMUEL R. DURAND. 


