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This invention relates to means for regulating high 
voltage applied to a pair of electrodes which are sepa 
rated by an ionizable ?uid, and it refers particularly to 
means utilizing the preliminary arcing or “spitting” 
which occurs if and as the voltage becomes excessive, 
but previous to complete ionizing of the ?uid and the 
consequent passing of a solid arc, for providing a ?ow 
of current through a circuit and utilizing said ?ow of cur 
rent for decreasing the voltage applied to said electrodes. 

In the provision of means for controlling the applica 
tion of high voltage to a pair of spaced electrodes, said 
electrodes being separated by an ionizable ?uid, it is 
often desirable in certain applications to hold said volt 
age to as high a level as possible without eifecting di 
electric breakdown of said ?uid and arcing between said 
electrodes. One typical commercial example of this 
problem occurs in the provision of precipitation appara 
tus, such as that apparatus utilized for the precipitation 
of dust, smoke or other foreign particles from the atmos 
phere. In the operation of such equipment, the e?iciency 
improves with increase in voltage and appears to be at 
a maximum at the point where arcing is about to occur. 
Hence, in present practice, it is customary to provide 
men for watching the equipment and instantly available 
to reduce the voltage applied to the electrodes by manual 
control immediately upon the occurence of any prelimi 
nary arcing, commonly termed “spitting” in which a 
series of relatively small arcs pass between the electrodes. 
This makes possible the passage of some current between 
said electrodes and it is a purpose of the present inven 
tion to utilize the occurrence of such “spitting,” and the 
current passing as a result thereof to regulate the volt 
age by reducing same su?iciently to avoid full arcing. 
Further, there is often a substantial corona discharge 
between the electrodes shortly prior to the passing of a 
solid are between them and this further permits the 
passage of sui?cient current between the electrodes to 
actuate a regulating device for reducing the applied 
voltage. 

Thus, by maintaining the voltage close to the arcing 
point, but just enough below same to prevent arcing, the 
efficiency of precipitation apparatus is greatly improved. 
Further, the means and method here involved are ap 
plicable to a variety of other applications where it is 
desired similarly to control electric potential between a 
pair of spaced electrodes which are separated by an 
ionizable dielectric. 

Accordingly, a principal object of the invention is to 
provide a regulating method applicable to high voltage 
installations for holding such voltage at a point close 
to, but below, the point of arcing between a pair of 
spaced electrodes which are separated by an ionizable 
dielectric. . 

A further object of the invention is to provide a method 
for utilizing passage of current between the electrodes 
immediately prior to breakdown of the dielectric there 
between for reducing the voltage applied to said elec 
trodes and thereby preventing full arcing. 
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A further object of the invention is to provide a meth 

od, as aforesaid, wherein the current passing between said 
electrodes prior to full arcing therebetween is caused 
to effect a voltage drop and then utilizing said voltage 
drop to reduce the voltage applied to said electrodes. 
A further object of the invention is to provide a meth 

ed, as aforesaid, which will be self terminating in that 
reduction of said applied voltage will terminate said 
current passage and termination of said current passage 
will then permit said voltage again to rise. 
A further object of the invention is to provide a meth 

od, as aforesaid, wherein said rise in voltage is permitted 
to occur only at a relatively gradual rate. 
A further object of the invention is to provide appara— 

tus for carrying out the methods above outlined. 
Other objects and purposes of the invention will be ap 

parent to persons acquainted with equipment of this gen 
eral type upon a reading or" the following speci?cation 
and inspection of the accompanying drawings. 

in the drawings: 
Figure 1 represents a circuit diagram of one form of 

apparatus for practicing the method of my invention. 
Figure 2 is a graph showing the magnitude of voltage 

applied to said electrodes. 
Figure 3 represents a modi?cation of the invention for 

application to instances where the applied potential is 
reversed with respect to that assumed in connection with 
the circuit of Figure 1. 

Figure 4 represents a further modi?cation 0f the in 
vention. 

Figure 5 represents a still further modi?cation of the 
invention. 

General description 
In general, the invention contemplates utilizing the 

small current ?owing by reason of either the corona dis 
charge or by reason of the “splitting” which occurs im 
mediately prior to the passing of a solid are for con 
trolling a valve which in turn will control the voltage 
applied to the electrodes. In the particular embodiment 
here chosen for major illustrative purposes, the current 
so ?owing bet-ween the principal electrodes is caused to 
pass through a resistor and the voltage drop occurring 
across said resistor by reason of the current passing there 
through is applied as a negative potential to block a pair 
to shift a phase shift circuit and such shifting is then 
of vacuum tubes. This increased resistance is utilized 
utilized to delay the ?ring of a pair of thyratrons pass 
ing, or controlling the passing of, the applied voltage. 

Detailed description 
Inasmuch as the method of the invention will be best 

understood by reference to a speci?c apparatus for prac 
ticing said invention, attention is now directed to Figure 
1 wherein there is shown a diagrammatic presentation 
of typical apparatus by which said invention may be 
practiced. 
The conductors 1 and 2 are connected to a suitable 

source of A. C. potential. Said conductor 1 is connected 
to one side of a primary winding 3 of a line transformer 
4 and the conductor 2 is connected through a pair of 
back-to-back connected thyratrons 6 and 7 by the por~ 
tion 2:: thereof to the other end of said primary wind 
ing 3. The secondary winding 8 of said line transformer 
4 is connected at each of its ends through the recti?ers 
9 and 11 in a conventional full-wave recti?cation circuit 
to the positive electrode 12 of the apparatus, as a pre 
cipitation device, with which the invention is to be used. 
The cathode 13 of said apparatus is connected by the 
conductor 14 to ground. 
The conductor 16 is center tapped into the secondary 

winding 8 of the line transformer 4 and is then connected 
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to one end of the control resistor 17. The other end of 
said control resistor is connected by the conductor 18 to 
ground. A capacitor 19 is connected around the control 
resistor 17 to form a time-constant circuit. 
As indicated at 21 there is provided a conventional 

phase shift circuit 21. The primary winding 22 of the 
transformer 23 is energized from the conductors 1 and 
2.‘ The secondary winding 24 is connected at one end 
to a capacitor 26 and at its other end to one side of a 
resistance circuit 27. The conductor 28 connects the 
other side of said capacitor 26 to the other side of said re 
sistance circuit 27. The primary winding 29 of a trans 
former 30 is connected at one end to a center tap on 
the secondary winding 24 and at its other end to a point 
on the conductor 28. 
The variable resistor 27 may be of any conventional 

type responsive to a change in potential. Here it con 
sists of a pair of serially and oppositely connected rec 
ti?er 31 and 32, a pair of vacuum tubes 33 and 34 
and a conductor 36 connecting the positive terminals of 
the respective recti?ers to the cathodes of the vacuum 
tubes. The anodes of the vacuum tubes are respectively 
connected to the negative terminals of respective recti 
?ers. Thus, a pulse from the secondary winding 24 in 
one direction will pass the recti?er 31, travel on the con 
ductor 36 to the cathode of the vacuum tube 34 and 
pass said vacuum tube 34 to a degree controlled by the 
potential on the grid of said vacuum tube. A pulse in 
the other direction will pass through the recti?er 32, 
travel on the conductor 36 to the cathode of the vacuum 
tube 33 and pass through said vacuum tube to a degree 
determined by the potential on the grid of said vacuum 
tube. Thus, the charge on the grids of said vacuum tube 
will determine the amount of current passing through 
said vacuum tubes and the entire resistance circuit as 
sembly 27 will function in the same manner as a resist 
ance and the magnitude of such resistance varies accord 
ing to the negative charge placed on the grids of the re 
spective vacuum tubes. This circuit is further disclosed 
and described in detail in my application Serial No. 
210,922, now abandoned. 
The transformer 30 has two secondary windings 37 

potential, as the batteries 39 and 41, and are thence 
and 38. Each of these are respectively connected in a 
conventional manner in series with sources of constant 
connected to the grids and cathodes of the thyratrons 
6 and 7, respectively. The said potential sources 39 and 
41 are of sufficient magnitude as normally to hold said 
thyratrons blocked. However, when positive pulses from 
the secondary windings 37 and 38 are in phase with 
the pulses from the A. C. source which would otherwise 
?re the respective thyratrons, said positive potentials 
will cancel the negative from said constant sources 39 and 
41 and permit said thyratrons to ?re. As the phase de 
livered by the phase shifting circuit 21 is shifted by 
change in potential applied to the grids of the vacuum 
tubes 33 and 34, the thyratrons will ?re at progressively 
later points on the wave forms of the respectively ap 
plied potentials and progressively smaller average po 
tentials will be delivered to the primary winding 3 of 
the transformer 4. 

Operation 
Now considering the operation of the apparatus in 

more detail, it will be understood that a conventional al 
ternating current potential applied to the conductors 1 
and 2, and assuming no phase shift in the potentials ap 
plied to the grids of the thyratrons 6 and 7, will en 
ergize the transformer 4 and act through the secondary 
winding thereof and the recti?ers 9 and 11 in a known 
manner to apply a fully recti?ed potential onto the elec 
trode 12 of the device with which this regulating system 
is to be used, such as precipitation apparatus. The nega 
tive electrode 13 is connected through ground to the 
conductor 18 and thence through the control resistance 
17 by the conductor 16 to the center tap of the secondary 
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'line 48 indicates the next drop in potential. 

4 
winding 8. So long as no current vpasses between the 
electrodes 12 and 13 there will be no voltage drop across . 
the resistance 17 and no charge on the capacitor 19. 
Under these conditions there is no negative charge ap 
plied to the grids of the vacuum tubes 33 and 34 and 
the variable resistance circuit 27 functions substantially 
at zero resistance and no phase shift is effected by the 
phase shift circuit 21. 
As the potential applied at the A. C. source increases 

to a point at which arcing between the electrodes 12 and 
13 becomes imminent, or as dust or water vapor gathers 
in the atmosphere between said electrodes whereby ,to 
permit their arcing at the voltage than being applied 
thereto, there will be a preliminary amount of corona 
discharge between said electrodes and also a small amount 
of “spitting” which will effect the ?owing of a small 
current between said electrodes and through the control 
resistance 17. The current through said control resist 
ance 17 will effect a voltage drop thereacross and cor 
respondingly charge the capacitor 19. Inasmuch as the‘ 
conductor 18 and the cathodes of the vacuum tubes 33 
and 34 are both connected to ground, the voltage drop 
across the control resistance 17 will also make the grids 
of said vacuum tubes negative with respect to their cath 
odes by an amount dependent upon the amount of cur 
rent ?owing through said resistance. This will effect 
an increase in the resistance of the resistance circuit 27 
and effect a phase shift in the potential applied to the 
grids of the thyratrons 6 and 7. Such phase shift will 
cause said thyratrons to ?re at points later in the respec 
tive wave forms of the potential applied thereto and 
thus diminish the average potential applied to the primary 
winding 3. This will diminish the potential applied to 
the electrode 12 sufficiently to obviate the danger that 
the spitting might be converted into a solid arc and it 
will normally also eliminate the spitting itself and corona 
discharge. 
The termination of flow of current between the elec 

trodes 12 and 13, and consequently the termination of 
?ow of current through the control resistor 17, will 
eliminate the voltage drop across said resistor. How 
ever, the capacitor 19 will maintain the negative potential 
on the grids of the vacuum tubes with respect to their 
respective cathodes for such period of time as is required 
for the capacitor to drain through the control resistance 
17. As said capacitor drains through the control resist 
ance 17, and the negative potential on the grids of the 
vacuum tubes thereby decreases with respect to the cath 
odes thereof, the phase shifting at the output of the phase 
shift circuit 21 will progressively diminish. This will per 
mit the thyratrons 6 and 7 to ?re at progressively earlier 
points on the wave forms of the potential applied thereto 
and the potential applied to the electrode 12 will progres 
sively increase. When it again increases to a point at 
which corona discharge and “spitting” again occur, cur 
rent will again pass between said electrodes and through 
the resistance 17 and the cycle will be repeated. Fig 
ure 2 shows by line 45 the variations in the potential 
applied between the electrodes 12 and 13. The line 46 
thereof indicates the drop in potential which occurs when 
the phase shifting function above described is brought 
about, line 47 indicates the rise in potential as the capac 
itor 19 drains through the control resistance 17 and the 

The hori~ 
zontal distance between lines 46 and 48 indicates the 
period between peak potentials which period is deter 
mined by the R. C. constant of the circuit involving the 
control resistance 17 and the capacitor 19. 

Modi?cations 
Under some circumstances ithwill be desirable to oper 

ate the equipment with the polarity reversed from that 
assumed in the foregoing discussion and as shown in 
Figure 1. In this case, the same circuit as that shown 
in Figure 1 will function satisfactorily excepting for the 
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connections between the resistance 17 and the vacuum 
tubes 33 and 34, together with the placement of the 
capacitor 19 and this altered portion is shown in Fig 
ure 3. Referringnow to Figure 3, the resistance 17 is 
connected from its end 17a, which is now the positive end 
thereof when current ?ows therethrough, to the grid of 
an intermediate vacuum tube 50. The cathode of 'said 
vacuum tube is connected to the positive side of a small 
bias battery 51 and thence to ground, and the anode of 
said vacuum tube is connected through a resistor 52 and 
a source 56 of anode potential to ground. The capacitor 
19 is here connected between the ends of resistor 52. 
The cathodes of the vacuum tubes 33 and 34 are con 
nected to the end 52a of the resistor 52, the same being 
the end remote from the vacuum tube 50, and the grids 
of the vacuum tubes 33 and 34 are connected to the end 
of 5% of the resistor 52, the same being the end adjacent 
the vacuum tube 50. ‘ 

Thus, when current ?ows through the resistance 17, 
to cause a voltage drop therein, the positive potential at 
the end of 17a of the resistor 17 will permit current ?ow 
to take place through the vacuum tube 50 and thereby 
through the resistor 52. A voltage drop through the 
resistor 52 will thus be transmitted to control the vacuum 
tubes 33 and 34 in the same manner as the voltage drop 
in control resistor 17 in Figure l is caused to control 
the vacuum tubes 33 and 34 as shown in the circuit 
therein. 
A further alternative circuit for the case of reversed 

polarity on the electrodes as compared to the structure of 
Figure l, is indicated in Figure 4. The entire circuit is 
exactly the same as Figure l excepting only that the con 
nections from the cathodes and the grids of the vacuum 
tubes 33 and 34 are reversed with respect to the respec 
tive ends of the control resistance 17 as compared to 
the connection as shown by the corresponding parts in 
Figure 1. The functioning of this circuit is the same 
as that described in Figure l. 
‘A still further modi?cation appears in Figure 5 where 

in a saturable reactor is used to control the current ?ow 
ing through the primary winding 3 of the transformer 4 
in place of the phase shift circuit and the thyratron 
utilized in Figure l. 

In this circuit, the control resistance 17 is connected 
at each of its respective ends through a source 66 of 
biasing potential to an ampli?er 6d, and the output of 
said ampli?er is connected to the direct current winding 
61 of a saturable reactor 62. Since the structure of a 
suitable ampli?er is well known in the art, its functioning 
is schematically indicated by only a single vacuum tube 
65 together with a source 67 of anode potential. The 
alternating current windings 63 and 64 of said satura‘ole 
reactor are in series with the primary Winding 3 of the 
line transformer 4. ' 

When spitting between the electrodes 12 and 13 occurs 
here, and a current thereby ?ows through the resistance 
17, the voltage drop across said resistor 17 increases the 
resistance of the vacuum tube 65 and thus causes less 
direct current to flow through the winding 61. This, due 
to the well known characteristics of a saturable reactor, 
causes a higher reactance in the windings 63 and 64 and 
thereby decreases the voltage effective on the transformer 
4. This, in the manner described above with respect to 
the circuit shown in Figure 1, decreases the voltage acting 
on the electrodes 12 and i3 and thereby prevents the 
undesired arcing. 

This circuit, while fully effective and satisfactory for 
some uses, does not operate quite as quickly as-does the 
circuit shown in Figure l, inasmuch as the saturable re 
actor ordinarily taltes two or three cycles to effect the 
desired voltage reduction, and hence its use is somewhat 
limited. 

While I have shown certain specific embodiments of 
the invention for illustrative purp , will be appre 
ciated that many modi?cations z ssibie and will be 

5 

10 

15 

30 

40 

GO 

apparent to persons skilled in the art and the hereinafter 
appended claims will include such modi?cations excepting 
as they are by their own terms expressly limited other 
wisev ' 

I claim: ' . , t I 

1. in an apparatus for regulating the application from 
an alternating source of high constant voltage to a pair 
of electrodes and for maintaining said voltage on said 
electrodes as close as possible to the arcing point there 
between without actually causing the passing of a solid 
arc, the combination comprising: a transformer; a pair 
of thyratrons connected in ‘back-to-back relationship; 
means conecting one end of the primary winding of said 
transformer to one terminal of said source and connecting 
the other end of the primary winding of said transformer 
through said thyratrons to the other terminal of said 
source; means including a recti?er connecting the second 
ary winding of said transformer through said recti?er to’ 
said electrodes; a control resistance interposed in said 
electrode circuit; a source of constant potential in the 
grid circuit of each of said- thyratrons for holding same 
normally non-conductive; a control transformer hav 
ing a pair of secondary windings, and each of said wind 
ings interposed in said grid circuits respectively in series 
with said sources of constant potential; a phase shift cir 
cuit including a variable resistance, the. output of which 
circuit is connected to energize the primary winding of 
said control transformer; a circuit responsive to voltage 
drop across said control resistance to change the value 
of said variable resistance. 

2. The device de?ned in claim 1 including also a capaci 
tor bridging said resistance. 

3. An apparatus for regulating the application from an 
alternating source of high constant voltage to a pair of 
electrodes and for maintaining said voltage on said elec— 
trodes as close as possible to the arcing point therebe 
tween ‘without actually causing the passing of a solid 
arm, the combination comprising: a transformer; a pair 
of thyratrons connected in back-to-back relationship; 
means connecting one end of the primary winding of said 
transformer to one terminal of said source and connect 
ing the other end of the primary winding of said trans 
former through said thyratrons to the other terminal of 
said source; means including a recti?er connecting the 
secondary winding of said transformer through said recti 
?er to said electrodes; a control resistance interposed in 
said electrode circuit; a source of constant potential in 
the grid circuit of each of said thyratrons for holding 
same normally nonconductive; a control transformer hav 
ing a pair of secondary windings, and each of said wind 
ings interposed in said grid circuits respectively in series 
with said sources of constant potential; a phase shift cir 
cuit including a variable resistance, the output of which 
circuit is connected to energize the primary winding of 
said control transformer; said variable resistance includ~ 
ing vacuum tubes, and means connecting the negative 
end of said control resistance to the grids of both of said 
vacuum tubes and other means connecting the positive 
end of said control resistance to the cathodes of said 
vacuum tubes. 

4. In an apparatus for regulating the application from 
an alternating source of high constant voltage to a pair 
of electrodes and for maintaining said voltage on said 
electrodes as close as possible to the arcing point therebe‘ 
tween without actually causing the passing of a solid are, 
'5?) combination comprising: a transformer; a pair of 
Il‘_ ratrons connected in back-to-back relationship; means 

user to one terminal of said source and connecting the 
her end of the primary winding of said transformer 

tl'ircugh said thyratrons to the other terminal of said . 
source; means including a recti?er connecting the second 
ary winding of said transformer through said recti?er to 
said electrodes; a control resistance interposed in said 
electrode circuit; a source of constant potential in the 

connecting one end of the primary winding of said trans- ‘ 
1:0 
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grid circuit of each of said thyratrons for holding same 
normally non-conductive; ‘a control transformer having a 
pair'of secondary windings“, and each of said windings 
interposed‘in ‘said grid circuits respectively in series with 
said sources of constant potential; a phase shiftcircuit 
the ‘output of which is connected to energize the primary 
winding of said control transformer; a circuit responsive 
to voltage drop across said control resistance to shift the 
phase output of said phase shift circuit. 
7 S.‘ Inian apparatus for regulating the application from 
an alternating source of high constant voltage to a pair 
of- electrodes and for maintaining said voltage on said 
electrodes as close as possible to the arcing point there 
between without actually causing the passing of a solid 
arc, ‘the combination comprising; a transformer; a pair 
of ‘thyratrons connected in back-to-back relationship; 
means connecting one end of the primary winding of said 
transformer to ‘one terminal of said source and connect 
ing the other end of the primary winding of said trans 
former through said thyratrons to the other terminal of 
said source; means including a recti?er connecting the 
secondary winding of said transformer through said rec 
ti?er to said electrodes; a control resistance interposed in 
said electrode circuit; a source of constant potential in 
the grid circuit of each of said thyratrons for holding 
same normally non-conductive; a control circuit including 
potential supplying devices for supplying a variable poten 
tial interposed in said grid circuits respectively in series 
with said sources of constant potential, the polarity of 
the potential supplied by said control devices being op 
posed to the polarity of said constant potential; a phase 
shift circuit the output of which is connected to energize 
the potential supplying devices and a circuit responsive 
to voltage drop across said resistance to shift the phase 
output of said phase shift circuit with respect to said alter- ‘ 
nating source of high constant potential. 

6. In an apparatus for regulating the application from 
an alternating source of high constant voltage to a pair 
of electrodes and for maintaining said voltage on said 
electrodes as close as possible to the arcing point there 
between without actually causing the passing of a solid 
arc, the combination comprising: a transformer; a pair of 
thyratrons connected in back-to-back relationship; means 
connectingrone end of the primary winding of said trans 
former to one terminal of said source and connecting the 
other end of the primary winding of said transformer 
through said thyratrons to the other terminal of said 
source; means including a recti?er connecting the second 
ary winding of said transformer through said recti?er to 
said electrodes; a control resistance interposed in said ' 
electrode circuit; means applying potential to the grid 
circuits of each of said thyratrons for holding same nor 
mally non-conductive and for varying said potential to 
render said thyratrons conductive; a phase shift circuit the 
output of wihich circuit is connected to energize said grid ' 
circuits for rendering said thyratrons conductive; a circuit 
responsive to voltage drop across said control resistance 
to‘ shift the phase output of said phase shift circuit with 
respect to said source. 

7. In an apparatus for regulating the supplying from 
an alternating source of a high constant voltage to a pair 
of electrodes and for maintaining said voltage on said 
electrodes as close'as possible to the arcing point there 
between without actually causing the passing of a solid 
arc, the combination comprising: a pair of grid con 
trolled space discharge devices connected in back-to-back 
relationship; a recti?er; means connecting one side of 
said source through said pair of space discharge devices 
and said recti?er to one of said electrodes; and means 
connecting the other side of said source to the other of 
said electrodes; a control resistance interposed in said 
electrode "circuit; means applying potential to the grid 
cir'cuit’s'of‘each of said space discharge devices for hold 
ing'same normally non-conductive and for varying said 
potential to render space discharge device conductive; 
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8 
a phase shift circuit the output of which circuit is con 
nected to' energize said grid ‘circuits for rendering said 
space discharge device conductive; a circuit responsive 
to voltage drop across said control resistance to_ shift 
the‘phase output of said phase shift circuit with respect 
to said source. ‘ ‘ _ 

8. In an apparatus for regulating the supplying from 
an alternating source of a high constant voltage to a pair 
of electrodes and for maintaining said voltage on said 
electrodes as close as possible to the arcing point there 
between without actually causing the passing of a solid 
arc, the combination comprising: a pair of grid con 
trolled space discharge devices connected in back-to-back 
relationship; a recti?er; means connecting one side of 
said source through said pair of space discharge devices, 
and said recti?er to one of said electrodes; and means 
connecting the other side of said source to the other of 
said control electrodes; a control resistance interposed in 
said electrode circuit, a source of high constant voltage 
of constant potential in the grid circuit of each of said 
space discharge devices for holding same normally non 
conductive; means for varying said potential to render 
said space discharge devices conductive; a phase shift 
circuit the output of which circuit is connected to ener 
gize said last-named means for rendering said space dis‘ 
charge devices conductive; a circuit responsive to voltage 
drop across said resistance to shift the phase output of 
said phase shift circuit with respect to said source. 

9. in an apparatus for regulating the supplying from 
an alternating source of a high constant voltage to a pair 
of primary electrodes and for maintaining said high volt 
age on said primary electrodes as close as possible to the 
arcing point therebetween without actually causing the 
passing of a solid arc, the combination comprising: a 
pair of control electrode controlled space discharge valves 
connected in back-to-back relationship; a recti?er; means 
connecting one side of said source through said pair of 
space discharge valves and said recti?er to one of said 
primary electrodes; and means connecting the other side 
of said source to the other of said primary electrodes; 
a control resistance composed in said primary electrode 
circuit; a source of constant potential in the control elec 
trode circuit of each of said space discharge valves for 
holding same non-conductive; means for varying the 
potential on the control electrode with respect to the 
cathode of each of said space discharge valves to render 
such space discharge valves conductive; a phase shift cir 
cuit whose output is connected to energize said last-named 
means for rendering such space discharge valves conduc 
tive; a circuit responsive to voltage drop across said 
control resistance to shift the phase output of said phase 
shift circuit with respect to said source of high constant 
voltage. 

10. In an apparatus for regulating the supplying from 
an alternating source of a high constant voltage to‘ a 
pair of primary electrodes and for maintaining said high 
voltage on said primary electrodes as close as possible 
to the arcing point therebetween without actually causing 
the passing of a solid arc, the combination comprising: 
a pair of control electrode controlled space discharge 
valves connected in back-to-back relationship; a recti?er; 
means connecting one side of said source through said 
pair of space discharge valves and said recti?er to ‘one 
of said primary electrodes; and means connecting the 
other side of said source to the other of said primary 
electrodes; a control resistance composed in said primary 
electrode circuit; a source of constant potential in the 
control electrode circuit of each of said space discharge 
valves for holding same non-conductive; means for vary 
ing the potential on the control electrode with respect 
to the cathode of each of said space discharge valves _t_o 
render such space discharge valves conductive; a circuit 
responsive to the potential across said control resistance 
and connected to said last-named means for moving the 
condition of said space discharge valves toward and away 
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from a condition of conductivity in response to changes 
in the voltage drop across said control resistance. 

11. In ‘an apparatus for regulating the supplying from 
an alternating source of a high constant voltage to a pair 
of electrodes and for maintaining said voltage on said 
electrodes as close as possible to the arcing point there 
between without actually causing the passing of a solid 
arc, the combination comprising: a control electrode con 
trolled electric valve; recti?er means connecting one side 
of said source through said valve and through said rec 
ti?er to one of said electrodes; means connecting other 
side of said source to the other of said electrodes; a control 
resistance interposed in said primary electrode circuit; a 

10 

10 
source of constant potential and means applying same 
to said valve for normally holding same in one condition 
of conductivity or non-conductivity; a phase shift circuit 
Whose output is connected to oppose said source of con 
stant potential for controllably altering the potential ap 
plied to said valve; a circuit responsive to voltage drop 
across said control resistance to shift the phase output 
of said phase shift circuit with respect to the phase of 
said source of high constant voltage. 
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