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My invention relates to electric control and 
indicating circuits particularly adapted for use 
in connection with electric valve means for indi 
cating abnormal operation thereof. 

Electrical apparatus employing electric valves 
of the type utilizing an ionizable medium has been 
extensively used in industrial applications. 
These electric valves, which normally conduct 
in One direction only, sometimes conduct in the 
reverse direction. The reverse current is usually 
many tirines larger than the normal forward cur 
rent and has caused considerable operating dif 
ficulty in Systems of this type. From the stand 
point of the operator, it is desirable to know 
which valve arcs back first in order that it may 
be removed from the system and reconditioned 
in the event that it fails persistently. From the 
Standpoint of design, it is desirable to know in 
addition the time in the anode-cathode voltage 
wave that the arc-back occurs since this infor 
nation is of assistance in determining the cause 
of the arc-back and the features of design which 
Ilay be modified to eliminate the fault. In ac 
Cordance With the teachings of my invention, 
I provide new and improved electric circuits for 
indicating which one of a number of transients, 
Such as those caused by arc-back of an electric 
Valve means occurs first and further for indicat 
ing the time in the cycle of the anode-cathode 
voltage of the valve means at which the arc 
back occurs. 

It is an object of my invention to provide a 
new and improved electric circuit, for indicat 
ing the first of a plurality of transient condi 
tions. 

It is another object of my invention to provide 
a new and improved electric indicating circuit 
for indicating the instant in the anode-cathode 
voltage wave that an electric valve conducts in 
the reverse direction. 

It is another object of my invention to provide 
an improved electric circuit for indicating the 
first of a plurality of electric valves to conduct 
in a reverse direction and to record the time in 
the anode-cathode voltage of the valve that re 
verse conduction is initiated. 

In accordance With the illustrated embodi 
ments of my invention, an improved electromag 
netic device is associated with each of the anode 
conductors of an electric valve system to produce 
an impulse of voltage upon the occurrence of 
an arc-back in the associated electric valve. An 
indicating circuit having a controlled electric 
valve and an indicating device in series for each 
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electric valve of the power System is provided 55 

A. 

and each of the controlled electric valves is en 
ergized in accordance with the voltage produced 
by the electromagnetic device associated With 
a corresponding one of the main electric Valves. 
When any one of the controlled valves conducts 
in response to an arc-back in the corresponding 
main valve, the remainder of the controlled elec 
tric valves are prevented from operating. An 
auxiliary circuit associated with each of the main 
electric valves and controlled in response to COn 
duction of any one of the controlled electric 
valves of the indicator circuit provides means 
for indicating the time in the anode-cathode 
voltage wave at which the arc-back occurs. In 
accordance With another illustrated embodiment 
of my invention, the time in the anode-cathode 
Voltage Wave at Which the arc-back occurs is 
recorded on a synchronously rotated disk by 
means of a sparking electrode energized by a 
voltage impulse at the instant of the arc-back. 
My invention will be better understood by ref 

erence to the following description taken in con 
nection with the accompanying drawings and 
its scope will be pointed out in the appended 
clains. In the drawings, Fig. 1 is a Schematic 
representation of one embodiment of my inven 
tion, Fig. 2 is an enlarged view showing in detail 
one of the electromagnetic devices employed in 
the embodiment illustrated in Fig. 1, Fig. 3 rep 
resents certain operating characteristics of the 
circuit illustrated in Fig. 1, and Figs. 4 and 5 
are schematic diagrams of other embodiments of 
my invention. 

Referring now to Fig. 1 of the drawings, I 
have shown my invention embodied in an indi 
cating circuit applied to an electric valve trans 
lating apparatus connected between a polyphaSe 
alternating-current circuit ) and a direct-CUr 
rent circuit comprising conductors and 2. In 
the following description it will be assumed that 
the electric valve apparatus is operating as a rec 
tifier, in which case, the circuit f is the Supply 
circuit and the conductors and 2 constitute 
the load circuit. The translating apparatus in 
cludes a transformer 3 having groups of elec 
trically displaced secondary windings 4 and 5 
having neutral connections interconnected by an 
interphase transformer 6. The phase terminals 
of the windings 4 and 5 are connected with the 
direct-current conductor 2 through electric 
valves 7 to 22, inclusive. A midpoint on the 
interphase transformer 8 is connected with the 
other direct-current conductor . Each of the 
electric valves, as illustrated, comprises an anode 
23, a cathode 24, and an immersion-ignitor coin 
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trol member 25. In order to simplify the draw 
ings, no energizing circuits for control ninenber 
25 have been illustrated and it will be understood 
that any of the types of control known in the 
art may be used, if desired. 

I provide an indicating circuit, including a pl.- 
rality of parallel electric paths, the number of 
paths corresponding to the number of main elec 
tric valves in the rectifier Systein. The electric 
paths are energized in parallel across conductors 
28 and 2 and each comprises an indicating de 
vice such as an electric lamp 23 and a controlled 
electric valve. The valves, as indicated by the 
dot within the envelope, are of the gaseous type 
and are designated by nunerals 29 to 3i, in 
clusive, and correspond respectively to the hain 
electric valves 7 to 22, inclusive. The other 
valves of the various illustrated embodiments 
which are of the gaseous type are similarly idi 
cated. As a means for energizing the conductors 
26 and 22, I provide a full-wave rectifier 35 en 
ergized from a transformer 38 having the pri 
nary Winding 37 thereof connected With the 
alternating-current Supply circuit, . The out 
put of the rectifier 35 is filtered by a series re 
actor 33 and parallel capacitor 39 and impressed 
on voltage-dividing resistors 4 and 8 through 
a manual switch 2. The conductor 26 is co 
nected. With One terminal of the resistor A and 
the conductor 2 is connected with the common 
terminal of resistors 4 and 4 through a resistor 
43 and a manual Switch 43. 
In Order to provide a source of control voltage 

for the electric valves 29 to 34 dependent upon 
an arc-back condition in the electric valves 
to 22, respectively, I provide a plurality of elec 
tromagnetic devices illustrated generally by the 
numeral 4, and One of which is associated with 
the anode conductor of each of the electric waves. 
Referring briefly to Fig. 2, each of the electro 
magnetic devices comprises a closed magnetic 
circuit A5 including oppositely disposed legs 36 
and A of Smaller cross section than the connect 
ing end portions of the core. Control Windings 
48 and 49 are wound on the legs & 6 and 67, 
respectively, and direct-current Saturating Wind 
ings 59 and 5 are positioned on the legs 4 S and 
47 on the outside of the control windings 43 and 
69. As illustrated in the drawings, the direct 
Current Coils 5) and 5 of each device 4 are 
connected in series. Referring again to Fig. 1, 
it will be noted that the direct-current, windings 
of the devices 44 associated with the anode con 
ductors of all of the electric valves are connected 
in series and energized from a source of direct, 
Current which may be derived from the trans 
former Winding 36 by means of a full-wave rec 
tifier 52. The control windings 48 and is 9 are 
connected in parallel and one common terminal 
thereof is connected to the control member of the 
corresponding electric valve 29 through a re 
Sistor 53. The other common terminal of the 
control Winding is connected to the negative ter 
minal of voltage-dividing resistor i, which pro 
Vides a Source of negative bias for the electric 
valve 29 and, as previously mentioned, is con 
nected to the cathode thereof through switch 43' 
and resistor 43. A capacitor 54 is connected be 
tween the control naen her and cathode of each of 
the electric valves 23 to 34. The control wind 
ings of the device 44 associated with main elec 
tric valve are the only ones that, have been 
shown connected in the drawings. It will be un 
derstood that the control windings of the remain 
ing devices associated with valves 3 to 22 are 
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4. 
similarly connected in the control-to-cathode cir 
cuit of electric Valves 3 to 34. 

Before describing the operation of the indicat 
ing circuit, the arrangement provided in Fig. 1 
for indicating the time in the anode-cathode 
voltage cycle of each of the electric valves to 
22 at which an arc-back occurs will he described. 
Associated with the valves to 22, inclusive, 
are the control circuits 55 to a respectively. 
These circuits are identica and the Sans refer 
etnce nunerals will be employed to designate the 
corresponding parts and only one will be de 
scribed. Referring to the circuit, 55, a linea," 
resistance , a nonlinear rasistance 62, and 3. 
portion of resistance 3 which provides a source 
of unidirectional voltage are connected in series 
across the anode-cathode circuit of the electric 
valve 2. The resistance elements 62 are prefer 
ably of the type having a negative-current ina 
pedance characteristic So that the voltage across 
the terrainals thereof is maintained substantially 
constant. These resistance elements may be 
formed of a material disclosed and claimed in 
United States Patent, 1822,742, granted Septem 
ber 8, 1931, of Karl S. McEachron and assigned 
to the assignee of the present, invention. The 
Voltage appearing across the nonlinear resist 
ance eleghent 62 is utilized for charging a capaci. 
tance 86 through a resistance 63 in accordance 
With the inverse voltage of the electric valve 3. 
An electric valve 63, an inductive element e, 
and a capacitance 3 are connected in Series 
a Cl’OSS the capacitor $6. The electric valve 68 
is of the type enploying an ionizable medium, 
as indicated by the dot, within the envelope, and 
is provided with a control rhember 69 which is 
eilergized by a secondary winding 7 of the trans 
former to render the electric valve conductive 
at the instant one of the main electric valves 
arcs back. This is accomplished by energizing 
the primary winding 2 of the transformer in 
accordance with the voltage appearing across re 
Sistor 43 which, as will be brought out it more 
detail at a later point in the specification, im 
preSSes a transient voltage on the Winding 72 
at the time that the first one of these electric 
valves 29 to 32 becomes conductive. A capacitor 
73, connected in series with winding 72, pre 
Vents steady-state direct current from flowing in 
the primary winding 2. The voltage drop ap 
pearing acroSS the upper portion of resistor (3 
is adjusted by the slider is so as to be equal sui 
Stantially to the normal arc drop of the electric 
Valve 7 and the electric valve 63. The voltage 

i5 for energizing the resistor £3 may be obtained 
in any Suitable manner and is derived from the 
Output of a rectifier bridge 5 energized from a 
transformer 76 which may, in turn, be energize 
from any suitable source of alternating current, 
Such as the Supply circuit 9. A capacitor a con 
nected in parallel with resistor £3 provides a lovy 
impedance path for transient voltages and por. 
nits the rapid discharge of the condenser 3: 
during conduction of the valve 7 through a path 
Which includes the resistor 8 and the anode. 
cathode circuit of the valve it. A unilaterally 
conducting device 8 is connected in parallel with 
resistor 5 and is poled to provide a second cis 
charge path for capacitor 63 during the con 
ducting period of the electric valve 7. As will 
become more apparent after a description of the 
Operation of the System described above, the 
magnitude of the charge on the condenser 3 
after an arc back will be an indication of the 
tline in the anode-cathode voltage wave of the 
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associated main electric valve at which the arc 
back occurred. In order to measure this volt 
age, I provide a measuring instrument, Such as 
a galvanometer 79, which may be selectively con 
nected in circuit with the capacitor 68 of circuits 
55 to 60 by means of manual switches 89 to 85, 
respectively. 
A better understanding of the features and 

advantages of my invention may be had by a 
brief consideration of the operation of the SyS 
tem as a whole. Let it be assumed that the 
electric valves 7 to 22 are operating normally 
as a double three-phase rectifier to Supply uni 
directional current to the conductors and 2. 
The electromagnetic devices 44 associated with 
the anode leads of the electric valves 7 to 22 
are saturated sufficiently as a result of the uni 
directional current flowing in the windingS 59 
and 51 so that the decay of current through the 
associated electric valves during normal Opera 
tion induces only a small voltage in the control 
windings 48 and 49. The negative biases in 
pressed on the electric valves 29 to 34 by resistor 
4 together with the time constant of the circuit 
including resistor 53 and capacitor 54 cooper 
ate to maintain the valve nonconductive during 
this operation. If electric valve , for example, 
conducts current in a reverse direction, the 
change in flux in the core 45 Will be many times 
that occasioned by the normal decay of current 
through the electric valve it when it becomes 
nonconducting. A relatively large impulse of 
voltage is induced in the windings 43 and 49 and 
this is impressed on the control member of elec 
tric valve 29 and the associated indicating lanp 
28 is energized. From an inspection of the 
drawings, it will be noted that conduction of any 
One of the valves 29 to 34 will increase the nega 
tive bias impressed on the control members of 
the remaining valves by resistor 4 and resistor 
43 and, assuming that resistor 43 is substantially 
Smaller than resistor 49, will simultaneously de 
crease the anode-cathode Voltage of these valves 
appearing between conductors 26 and 27. This 
increase in negative bias and decrease in anode 
cathode voltage is sufficient to prevent more than 
One of the electric valves 29 to 34 from becoming 
conductive regardless of the number of main 
electric valves which arc back. Thus, only the 
first arc back to occur is indicated. 

In the above discussion, it was pointed out 
that all of the direct-current windings are con 
nected in Series and the control windings are 
located on opposite legs of the device 44 and con 
nected in parallel. This arrangement of Wind 
ings has numerous advantages. With the 
control windings connected directly in paral 
el, there is etSablished a low-impedance closed 
circuit including these two cois So that any 
tendency for there to be a change in flux in one 
leg without a corresponding change in flux in 
the Same direction in the other leg is opposed by 
a circulating current in the low-impedance cir 
cuit which substantially prevents any quick 
change in flux in the two legs in opposite direc 
tions due to stray flux from other phases of the 
System. This arrangement of windings and the 
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relatively large cross section of the core legs 
between the winding legs prevents false opera 
tion of the indicating System due to stray flux 
not Symmetrically located with respect to the 
coils. The Series connection of the direct-cur 
rent Windings provides considerable impedance 
in the direct-current circuit and minimizes the 
effect of transient voltages in this circuit. 
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When the electric valves 7 to 22 are operat 

ing normally, the capacitor 64 is periodically 
charged during the inverse-voltage cycle and 
discharged quickly at the end of this Voltage 
cycle. The voltage across resistor 63 is employed 
to insure an initial charge on the capacitor 64 
at the beginning of the inverse-voltage cycle cor 
responding to the break-down Voltage of the 
electric valve 66. Referring particularly to Fig. 
3, the inverse voltage of electric Valve T is illus 
trated by curve A. Curve B illustrates the Volt 
age across the nonlinear resistance 62 with the 
initial negative voltage being determined by the 
setting of the slider 74 on resistor 63. The dotted 
curve C illustrates the voltage of the capacitor 
S4, which may be operated over such a range 
that the increase in voltage is substantially 
linear. At the end of the inverse-voltage cycle, 
the voltage on the condenser is rapidly discharged 
as illustrated at D through the unilaterally con 
ducting device 78. In the event that an arc 
back occurs in electric valve 7 at any time dul'- 
ing the inverse-voltage cycle, the electric Valve 
29 is rendered conductive and a transient volt 
age appears across resistor 43. This Voltage 
through transformer renders each of the 
electric valves 65 of circuits 55 to 60, inclusive, 
conductive and the charges on capacitors 64 are 
transferred to the corresponding capacitors 68 
through the anode-cathode circuits of the aSSO 
ciated valves 66. The inductance 67 renders the 
discharge circuit of capacitor 64 oscillatory to 
insure reversal of the anode-cathode voltage of 
valve and a termination of its conduction. 
The capacitor 58 having no discharge circuit 
established for it will hold its charge for a com 
paratively long period of time. The operator, 
upon observing from the lamps 28 that One of the 
electric valves has airced back may close One Of 
the Switch 83 to 85 corresponding to the first 
valve to arc back and read the defection of the 
galvanometer 9 to determine the time during 
the inverse-voltage cycle that the arc-back Oc 
Cire?. It is apparent, that calibration charts 
may be made for any given voltage of the sys 
ten so that the deflection of the galvanometer 
may be converted to a phase position of the arc 
hack. In order to reset the system for a subse 
quent oparation, the control electric valves 29 to 
34 may all be rendered nonconducting by open 
ing Switch 42 or 43’ to remove the anode-cath 
ode voltage and the capacitors 68 may be com 
pletely discharged by temporarily closing the 
manual switches 8) to 85, inclusive. 
In Fig. 4, I have illustrated a modification of 

my invention in which a different arrangement 
for recording the time in the inverse-voltage cycle 
at which the arc-back occurred is provided. The 
System for indicating which one of the various 
phases arcs back first is the same as that, de 
scribed in connection with Fig. 1 and Correspond 
ing partS have been designated by the same refer 
eCe nunerals. In the arrangement shown in 
Fig. 4, the time in the inverse-voltage cycle at 
which the arc-back occurs is recorded on a disk 
by means of an electrical inpulse which is pro 
duced when the arc-back occurs. This disk is 
rotated Synchronously with the voltage of the 
Supply circuit in the Sense that the cycles of 
Operation of the disk and the atternations of the 
Voltage of the Supply circuit bear a tined rela 
tion to each other. Referring now to Fig. 4, a 
rotating disk 86 is mounted on the shaft of a 
Synchronous notor 8 which is energized from 
the alternating-current Supply circuit through 
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a transformer 88. The disk is preferably of good 
conducting material and is provided With a Cen 
tral hub 89 which is electrically connected with 
one terminal of the transformer winding 98d by 
means of a brush contact 9. The other terminal 
of the winding 99a is connected thirough a resistor 
32 with a recording electrode 93 which is held in 
proximity to the rotating disk by any suitable 
means not shown. An impulse is produced in the 
winding sea upon the occurrence of an arc-back 
in any one of the electric valves to 23 by meains 
of a circuit illustrated generally by the numeral 
34. The circuit, 94 includes an electric discharge 
device 95 which is connected in series With the 
primary winding 93b of the transformer 33 and 
across the voltage-dividing resistor 4 through 
manual switches 96 and 9. A resistor 98 is also 
connected in this circuit. An energy-storage ca 
pacitor 99 is connected across the electric valve 
95 and the series connected transformer Wind 
ing 96 b to be charged from the resistor 40 through 
resistor 98. The control member of the electric 
valve 95 is connected with the cathode thereof 
through the resistor 98, a capacitor 36, and re 
Sistor ). The common terminal of capacito: 
39 and resistor is connected through manual 

SWitch 32 with the negative terminal of resistol 
... With this arrangement, the control membe: 
of the electric valve is maintained at the potein 
tial of the negative terminal of resistor 4 when 
the electric valve system including valves to 22 
is operating normally. The capacitor 93 is 
charged to the full voltage appearing acroSS re 
sistor 40. As pointed out in connection with the 
operation of the arrangement of Fig. 1, the volt 
age across resistor 4 is reduced and the Voltage 
across resistor if is increased at the instant any 
of the electric valves 29 to 34 are rendered co 
ductive in response to an arc-back in a corre 
sponding one of the main electric valves to 22. 
This momentarily renders the control member of 
the valve 95 positive with respect to the cathode 
thereof and effects discharge of capacitor 93 
through the transformer winding 9b and, as a 
result, causes a spark to jump from the electrode 
93 to the disk 83 and, in this Way, forms a hole 
in the paper chart 3 which is secured on the 
face of the disk 86 in any desired manner. 

In order that, the hole in the paper will indi 
cate the time in the inverse-voltage cycle that 
the arc-back occurs, I provide means for Syn 
chronizing the disk 36 with the inverse-voltage 
cycle of the electric valves to 22. As illus 
trated in the drawings, the disk is provided near 
the edge thereof with an opening 34 behind 
which is mounted a lamp 35, which may ba 
supported in any suitable manner, and Which is 
energized in accordance with the Voltage across 
a resistor 38. The resistor 3 is cornected in 
series with a parallel connected resistor iOS and 
capacitor 88 and across the anode-cathode cir 
cuit of the electric valve . The constants of the 
circuit including resistors 36 and 37 and the 
capacitor 8 are so chosen that the lamp is illu 
minated only during the rapid change of voltage 
across the electric valve occurring at the 
beginning of the inverse-Voltage cycle. In this 
way, the lamp is made to flash at the beginning 
of the inverse-voltage cycle and, by adjusting the 
disk on the shaft of the motor or adjusting the 
phase of the voltage impressed on the motor Wind 
ings, a definite reference or zero position of the 
disk may be established. Ina Srinuch as the phase 
relation of the voltages of all of the electric valves 
is known with respect to the voltages of the valve 
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3 
, the instant of arc-back in the inverse-voltage 

cycle of any of the valves may readily be deter 
mined. 

In Fig. 5, I have illustrated another embodi 
ment of my invention in which the occurrence 
of an arc-back in any one of the main electric 
valves is recorded and in which means are pro 
vided for indicating which of the valves arcs back 
first. In Fig. 5, the power System is the Same as 
that, described and illustrated in Fig. 1 and the 
Same reference numerals have been used to desig 
nate corresponding parts. In the arrangement 
shown in Fig. 5, the electromagnetic devices asso 
ciated with the anode conductors of each of the 
electric valves may be the Same as those described 
in connection with Fig. 1. However, as illustrated 
in Fig. 5, these devices, designated by the numerals 

9 to 4, each includes only a single control 
winding 5 and a single saturating winding 6. 
One terminal of each of the control Windings is 
connected to a common conductor Which is, 
in turn, connected with the hub 3 of a rotating 
disk 9 through a brush contact 29. The other 
terminals of the Windings 5 are connected with 
recording electrodes 2 to 26, inclusive, through 
suitable current-limiting resistors 27. An addi 
tional electrode 28 is connected. With the co 
ductor through the secondary winding f 29 of 
a transformer 38, the primary winding 3 of 
which is energized only upon the occurrence of the 
first arc-back by a control circuit illustrated 
generally by the numeral 32. 
The saturating winding 6 of the devices 39 

to g, inclusive, are connected in Series and for 
5' energization from the conductors 33 and 34 

which are energized by direct current from the 
output terminals of a rectifier bridge 35. The 
bridge 35 may be energized from the alternat 
ing-current supply circuit through the trans 
former 36 which also provides a source of power 
for the motor 3 which drives the recording 
disk 9. Across the terminals of each of the 
saturating windings S is connected a resistance 
element 33 so that, upon the occurrence of an 
arc-back in any one of the main electric valves 

to 22, the transient voitage produced across 
one of the resistors is impressed on the conduc 
tors 33 and 34 through a noininductive circuit. 
This impulse of voltage is impressed on the pri 
may Winding 39 of a transformer A through 
a capacitor is to render conductive an electric 
waive 2. The valve 42 has the control men 
ber thereof connected with the secondary Wind 
ing 43 of the transformer Winding $8 through 
a suitable current-limiting resistor A4 and the 
anode-cathode circuit, thereof connected in Se 
ries with the primary winding 3 of transformer 
39 and a capacitor 53 which has been charged 
through resistors is and from the direct 
current supply conductors 33 and 34. 
The operation of the embodiment of my inven 

tion illustrated in Fig. 5. may be briefly described 
as follows. When the electric valves 7 to 22 
are operating normally, the voltages induced in 
the Windings of devices 9 to St, inclusive, are 
relatively Snail and no sparks are caused to jump 
from the recording electrodes to the rotating 
disk. Upon the occurrence of an arc-back, a 
voltage inpulse of large magnitude is induced 
in the Winding Gf the electronagnetic device 
associated with the Valve Which has failed and 
a spark is caused to pass from the corresponding 
electrode to the rotating disk 9. At the same 
instant, the voltage impulse induced in the sat 
urating Winding S is impressed on the trans 
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former winding 39 and renders electric valve 
42 conductive to discharge condenser 45 

through the transformer 30 and thereby to cause 
a spark to jump from the electrode 28 to the 
revolving disk 9. Inasmuch as all of the re 
cording electrodes are supported in alignment 
On a radius of the disk 9, there Will be two 
holes in the record paper upon the occurrence 
of the first arc-back and Only one hole for each 
arc-back occurring thereafter, if the disk 9 is 
rotated at a relatively slow Speed, it may be 
possible to record all the arc-backs occurring 
in one sequence before the chart makes a com 
plete revolution. It will be readily appreciated 
that the arrangement shown in Fig. 5 may be 
operated to indicate or record the time in the 
inverse voltage cycle at Which the arc-back Oc 
curs by Synchronizing the position of the disk 9 
with the inverse voltage cycle of one of the main 
electric valve means 7 to 22 in the Same manner 
as described in detail in connection. With Fig. 4. 
Although resistoi's 38 have been shown Con 

nected across windings is, it will be obvious to 
those skilled in the art that rectifiers suitably 
poied may replace such resistorS Without depart 
ing from my invention. 
While I have shown and described particular 

embodiments of my invention, it will be obvious 
to those skillied in the art that changes and mod 
ifications may be made Without departing from 
my invention in its broader aspects, and I, there 
fore, 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: 
i. in combination, an electric valve means, 

means for rendering said electric valve means 
conducting and nonconducting during predeter 
mined intervals and for Subjecting Said valve 
means to an inverse voltage cycle during each 
of the normally nonconducting intervals, said 
electric valve means being Subject to an arc 
back during Said inverSe Voltage cycle, an energy 
storage device, means for Supplying electric en 
ergy to Said energy storage device, means includ 
ing an eiectric discharge device connected to b8 
rendered conductive in response to the occur 
rence of an arc-back in Said electric valve means 
for releasing the energy of said energy storage 
device, and means connected to be energized in 
accordance With the release of energy of said 
energy storage device for determining the instant 
in the inverse Voltage cycle that an arc-back in 
said electric Waive means OccurS. 

2. In combination, an electric valve means, 
means for rendering Said electric Valve means 
conducting and nonconducting during predeter 
mined intervals and for Subjecting said Valve 
means to an inverse voltage cycle during each 
of the normally nonconducting intervals, Said 
electric valve means being subject to an arc 
back during said inverSe Voltage cycle, means 
including an energy storage device for produc 
ing an electric quantity which varies progressive 
ly in accordance with the duration of the inverse 
voltage cycle, means responsive to the magnitude 
of said electric quantity at the instant of an arc 
back for indicating the time in the inverse Volt 
age cycle that the arc-back occurs. 

3. In combination, an electric valve means, 
means for rendering said electric valve means 
conducting and nonconducting during predeter 
mined intervals and for Subjecting Said valve 
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10 
of the normally nonconducting intervals, a ca 
pacitor, means for charging Said capacitor in ac 
cordance With the inverse voltage cycle, and 
means responsive to the condition of charge of 
Said capacitor upon the occurrence of an arc 
back for indicating the time in the inverse volt 
age cycle that the arc-back occurs. 

4. In combination, an electric Valve means, 
means for rendeling Said electric Waive means 
conducting and nonconducting during predeter 
imined intervals and for subjecting said valve 
means to an inverSe Voitage cycle during each 
of the normally nonconducting intervals, a capac 
itOr, means for charging Said capacitor in accord 
ance with tie inverse voltage cycle impressed 
Oil Said Valve means, a Second capacitor, means 
for transferring the charge from Said first capac 
itor to Said Second capacitor upon the occurrence 
of an arc-back, and means for measuring the 
charge on Said second capacitor to indicate the 
time in the inverse voltage cycle that the arc 
back occurs. 

5. In combination, a plurality of electric valve 
means, means for energizing said electric valve 
means to reader said Waive means alternately 
conducting and nonconducting in a predeter 
mined Sequence and for subjecting each of said 
Valve means to an in Verse voltage cycle during 
the normalily nonconducting periods thereof, each 
of Said electric valve means being subject to arc 
back during Said inverse voltage cycle, capaci 
tance means aSSociated With each of said piu 
rality of electric Valve means and having a charge 
and discharge circuit, current Supply means con 
nected to Said charge circuit for charging said 
capacitance means, means including an electric 
discharge device interposed in the discharge cir 
cuit of Said capacitance means and connected to 
be rendered conductive in response to the occur 
rence of an arc-back in said electric valve means 
for discharging Said capacitance means, and 
means Connected to be energized in accordance 
With an electrical condition of the discharge cir 
cuit of Said capacitance means for determining 
the instant in the inverse voltage cycle of the 
faulty electric valve means at which arc-back 
OCCul'S. 

6. In combination, an electric valve means, 
means for rendering said electric valve means 
conducting and nonconducting during predeter 
mined intervals and for Subjecting said valve 
means to an inverse voltage cycle during each 
of the normally nonconducting intervals, said 
electric valve means being subject to an abnor 
mal Operating Connection during said inverse 
Voltage cycle, a capacitor, means for charging 
Said capacitor between predetermined limits dur 
ing each inverse Voltage cycie, means for dis 
Charging said capacitor upon the occurrence of 
Said abnormal operating condition, and means 
responsive to the charge on said capacitor at 
the instant that an abnormal operating condi 
tion of Said valve means occurs for indicating the 
time in the inverse voltage cycle that said abnor 
mal condition occurs. 

7. In combination, an electric valve means, 
means for rendering Said electric valve means 
conducting and nonconducting during predeter 
mined intervals and for Subjecting said valve 
means to an inverse Voltage cycle during each 
of the normally nonconducting intervals, a ca 
pacitor, means for charging said capacitor in ac 
cordance with the inverse voltage cycle impressed 
On Said valve means, a second capacitor, an elec 
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anecting Said capacitors, means for rendering Said 
electric Waive conductive upon the occurrence of 
an abnorinal condition of Said electric valve 
means for transferring the chairge from Said first 
capacitor to said second capacitor upon the oc 
curirence of said abnormal condition, and neans 
for measuring the charge of said second capaci 
to to indicate the time in the invese voltage 
cycle that the abnormal condition occurs. 

8. In combination, an electric Valve means, 
near S for rendering Said Wave means conduc 
tive and nonconductive during predetermined 
intervals and for Subjecting said valve means 
to an invese voltage cycle during each of the 
normally in Cinconducting intervals, a record chart, 
Eleans for OWing Said chart at a predetermined 
Speed relative to the frequency of the voltage ap 
plied to Said valve means, lineans operatively aSSO 
ciated. With said record cinait for indicating a ref 
erence point for said chart, corresponding to the 
instant of initiation of said inverse voltage cycle, 
and means for irecording on Said chart the in 
stant that art arc-back in said Valve leans Oc 
CLIrS relative to Said reference point. 

9. In cornbination, an electric Valve means, 
reals for reindering Said electric Valve means 
conducting and nor COEnducting during predeter 
mined intervais and for Subjecting Said valve 
nea:S to ai in Wese voltage cycle during each 
of the normally nonconducting intervals, a record 
chart, e3nS for (CVirag Said record chart at a 
predeteroined Speed leiative to the frequency 
of the voltage applied to said valve sneans, means 
operatively associated with said record chart for 
indicating a reference point for Said chart cor 
responding to the instant of initiation of Said 
inverse Voltage cycle of Said electric valve means, 
and Ineans including means for producing a voit 
age iinguise poin the Occurrence of an abnormal 
COIndition in Said electric Valve means for indi 
Cating On Said chart, the iIStant in the inverse 
Voltage cycie relative to Said reference point that 
Said abnormal condition OccuirS. 

i0. In combination, a plurality of eiectric Waive 
illeaias, neans including as alternating-current 
circut for enérgizing Said electric valve means 
to render Said Valve insea, as alternately coinduct 
ing and noncSiaducting in a predetermined Se 
Cuence, a record chait, leans for moving Said 
record chart, in a predetermined tined relation 
With the frequency of Said alternating-current 
circuit, nea.As a SSociated With said chart for indi 
Cating Oh Said chart the instant that any of Said 
Valve earns arCS back, and additional (neans 
for recording On Said chart the instant of initia 
tion of Said inverse cycle so as to establish a point 
of reference On Said chart, for determining the 
first eiectric Valve means to arc back. 

11. In combination, a plurality of electric valve 
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neanS, means including an alternating-current 
circuit for energizing said electric Waive means 
to render said valve means alternately conduct 
iing &nd nonconducting in a predetermined Se 
quence, a record chart, means for moving said 
record chart in a predetermined tined relation 
With the frequency of Said aiternating-current 
circuit, a plurality of electrodes associated with 
Said chart, means for impressing an impulse of 
Voitage Crn a predetermined one of Said electrodes 
When a corresponding One of Said electric valve 
means arCS back, an additional electrode, and 
Ineans for impressing an impulse of voltage on 
Said additional electrode only when the first of 
Said elect Fic Valve means arcs back. 

12. In combination, an electromagnetic device 
having a closed core of Substantially rectangul 
lar Shape With tWo oppositely located legs of Sub 
Stantially Smaller cross Section than the remain 
ing two oppositely disposed legs, a winding on 
each of Said legs of Smaller cross section, means 
for energizing Said Windings with unidirectional 
current to produce Substantial saturation of Said 
legs Of Sallei croSS Section, and a second wind 
isig CIn each of Said legs of Sinailer cross section, 
ineanS for CCInnecting Said Second Windings in 
paraiel, and reans responsive to said parallel 
CO anected Windings for indicating a transient 
electrical condition in a conductoi symmetrically 
located with respect to said legs of Sinaller cross 
Section, Said iggs Of large griss Section and said 
parailei connected windings operating to prevent 
Operation of said tiransient-indicating means in 
feSponse to Stray magnetomotive forces not sym 
netically located with respect to said legs of 
Sinailer CFOSS Section, 

i3. In combination, a plurality of circuits nor 
nally Subected to a cyclically recurring electri 
Cal Condition, a plurality of electromagnetic de 
Vices arranged One With each of Said circuits and 
each electronagnetic device including a core 
Structure &nd a first Winding on each of said core 
Structures and each Winding being coupled with 
One of Said circuits, a plurality of indicating 
Ineans each individual to one of said circuits, 
Eilean.S. Connecting Said first Windings respec 
tivejy With Said indicating means, a second Wind 
ing On each of Said Cole stilictures, a direct-cur 
rent Supply means, near is connecting said sec 
Cnd Wildings in Series and for energization from 
Said direct-Current Supply means, and neas re 
SpOInsive to a transient voitage in the series direct 
Current circuit of Said second windings iesulting 
from a Voltage induced in Cine of said second 
Windings in response to a transient voltage in One 
Of Said Circuits for indicating the first transient 
Voltage to Occur it. One of said circuits. 
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