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13 Claims. 

My invention relates to electric valve translat 
ing circuits, and more particularly to control cir 
cuits for electric valves of the gaseous type. 

In electric valve circuits, it is desirable to as 
Sure positive and reliable starting and control 
under various operating conditions. It is fre 
quertly of importance in electric valve convert 
ing apparatus to render certain pairs or groups 
of valves conductive at the same time in order to 
obtain the proper starting and sequential opera 
tion. In some electric valve circuits in order to 
obtain the proper energization of the valves under 
various load conditions, it is necessary to render 
a particular pair or group of valves conductive 
by continuous or intermittent energization during 
predetermined intervals to assure proper starting 
and the desired sequential operation. There has 
been evidenced a decided need for control or ex 
citation circuits to control the conductivity of 
electric valves of the gaseous or vapor type where 
these valves are used in translating circuits em 
ploying a plurality of electric valves and which 
are arranged to be energized individually or in 
certain groups. For example, in electric valve 
systems for energizing a direct current load cir 
cuit from a polyphase alternating current supply 
circuit by means of a polyphase full wave electric 
valve rectifier, it is necessary that at least two 
of the valves conduct current simultaneously in 
order to establish a circuit through the electric 
valve converting circuit. When the rectifier is 
supplying current to a circuit having an initial 
admittance which is predominately capacitive, 
the current may not persist for an interval equal 
to the normal period of conduction for the elec 
tric valves in the circuit. In those instances it 
is necessary to employ means for initiating elec 
trical discharges in the various valves at more 
frequent intervals in order to provide the desired 
rectification of the alternating current. Further 
more, in polyphase electric valve converting sys 
tems, it is frequently desirable to obtain voltage 
control by shifting the phase of the potentials 
impressed upon the control members relative to 
the phase of the potentials appearing between 
the anodes and cathodes of the several electric 
valves. In order to obtain the maximum range 
of voltage control by this method, it becomes 
necessary under certain conditions to render each 
of the electric valves conductive at least twice 
during each cycle of applied potential. 
An object of any invention is to provide an in 

proved electric valve translating circuit. 
Another object of my invention is to provide an 

improved control or excitation circuit for electric 
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(C. 175-363) 
valves of the gaseous type having immersion 
ignitor control members. 
A further object of my invention is to provide 

an improved control circuit for electric valve 
translating circuits whereby pairs or groups of 
electric valves are rendered conductive simul 
taneously and whereby the simultaneous energiza 
tions are effected at predetermined times and dur 
ing predetermined intervals relative to a sequen 
tial plan of energization. 
A still further object of my invention is to pro 

vide an improved control circuit for electric valve 
translating apparatus wherein a pair of electric 
valves is rendered conductive simultaneously twice 
during each cycle of voltage of an associated 
Supply circuit. 

In accordance with the illustrated embodiment 
of my invention, I provide an improved electric 
valve circuit in which pairs of the electric valves 
are simultaneously rendered conductive at pre 
determined times. A plurality of electric valves 
of the gaseous type having immersion-ignitor 
control members are employed as a full Wave elec 
tric valve rectifier for transmitting energy be 
tween an alternating current circuit and a direct 
current circuit through a filter circuit. In order 
to energize the load circuit, it is necessary that 
two oppositely disposed valves be conductive at 
the same time. 
ample where the filter circuit is predominately 
capacitive, it is desirable to render each of the 
valves conductive twice during each cycle of po 
tential applied between anode and cathode to 
assure positive starting and Operation. I provide 
an improved excitation system for the electric 
valves in which a plurality of excitation circuits 
are employed to control Selectively the various 
electric valves. Each of the excitation circuits is 
associated with a different pair of electric valves 
and each simultaneously initiates electrical dis 
charges in two of the electric valves. The simul 
taneous initiation of electrical discharges is ac 
complished by employing individual means such 
as multi-winding transformers associated with 
each of the control members for the various elec 
tric valves. Each of the transformers is provided 
with two primary windings each of which is asso 
ciated with a different control circuit and a dif 
ferent oppositely disposed electric valve. In this 
manner, full wave rectification and an extended 
range of voltage control are obtained by exciting 
each electric valve twice during each cycle. 

For a better understanding of my invention, 
reference may be had to the following description 

Under Some conditions, for ex 
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taken in connection with the accompanying draw- * 
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A capacitance it is connected across the cathode 
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2 
ings and its scope 
ppended claims. 

will be pointed out in the 

Pig. 1 of the accompanying drawings diagram 
natically represents an embodiment of my in 

as applied to a full wave rectifief for 
energizing a direct current circuit from a three 
phase alternating current circuit, while Figs 2 
of the arrangement shown in Fig. 1. 

Referring to Fig. 1 of the accompanying draw 
ings, my invention is diagrammatically illustrated 
as applied to a full wave electric valve rectifier 
employing two groups of oppositely disposed elec 
tric valves for energizing a direct Current circuit 
from a polyphase alternating current circuit 2. 

Electric valves 3–8, inclusive, preferably of the 
type employing ionizable mediums such as gases 
or vapors providing an arc path and each having 
an anode 9, a mercury pool cathode 0 and anim 
mersion-ignitor control member are energized 
from the alternating current supply circuit 2 
through a transformer 2, having primary wind 
ings and secondary windings 4. 
After circuit including a capacitance 5, in 

ductances B, and capacitances and resistances 
8 is connected between the electric valve aggre 
gate comprising electric valves -8 and the direct 
current load circuit . Transformers 9-24, in 
clusive, having primary windings 25 and 26, 27 and 
2, 2 and 3D, 3 and 32, and 34, 35 and 3 are 
employed as individual control means and are 
associated with the control members of electric 
valves -8, respectively, to render the associated 
electric valves conductive at predetermined inter 
vals. Resistances are connected across second 
ary windings of transformers 19-24 to suppress 
high voltage transients. Resistances 38 and ca 
pacitances are connected across the secondary 
windings 4 of transformers 2 and function as a 
filter circuit to suppress the transients incident to 
the rectifier operation. 

In order to control the conductivity of electric 
valves -8, employ a plurality of excitation cir 
cuits 44, inclusive, preferably of the impulse 
type. Each of these excitation circuits is asso 
cated with a predetermined pair of oppositely dis 
posed electric valves. For example, excitation cir 
cuit is associated with electric valves and . 
Likewise, excitation circuits 41-45 are associated 
with electric valves 4 and , and 8, 5 and, S and 
, and 3 and , respectively. 
The excitation circuits 40-45 are provided 

with electronic discharge devices 4-5, respec 
tively, preferably of the gaseous or vapor type. 
Each of the electronic devices is provided with 
an anode 2, a cathode 8 and a control member 
4. Connected in series with each of the elec 

tronic devices -, there is a capacitance 55 
shunted by a resistance it; each of the capaci 
tances is is arranged to supply a voltage of 
peaked wave form to the control members of a 
different pair of oppositely disposed electric 
valves through the associated transformers. 
Current limiting resistances are connected in 
series with the control members 54 of each of 
the electronic discharge devices 4-5, inclusive. 

and the control member 4 of each of the elec 
tric Valves - to minimize the effect of the 
internal mutual capacitance between the control 
member 4 and the anode 2. Any suitable bias 
supplying means, such as batteries 59, is con 
nected to impress a negative woltage upon the 
respective control members 54 for electronic dis 
charge devices 40-St. An additional control 
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voltage may be impressed on a resistance 60 con 
nected in series with the batteries 59 to modify 
the control bias voltage. A transformer 6 is 
used to energize the cathode of electronic dis 
charge devices 4-5? and may be energized from 
any suitable source such as an auxiliary alter 
nating current supply circuit 62. 
The excitation circuits 40-45 are energized 

from the alternating current supply circuit 2 
through any conventional phase shifting ar 
rangement, such as the rotary phase shifting 
device 63, and through transformers 64 to 69, 
respectively. In order to provide a source of uni 
directional potential for charging the capaci 
tances 55, I employ a plurality of rectifiers in 
cluding electric valves 7-5, inclusive, which 
are associated with excitation circuits 40-45, 
respectively. The electric valves 70-75 may be 
energized from the auxiliary source of alternat 

O 

5 

ing current 62 by means of transformers 76. 30 
Cathode heating transformers 7 energize the 
cathodes for electric valves TO-5 from the 
alternating current circuit 62. A time delay de 
vice 78 may be connected across the primary 
windings of the cathode heating transformers T. 25 
to delay the closing of the anode circuits of elec 
tric valves 0-75 until the cathodes of these 
valves have attained a predetermined minimum temperature. 

Excitation circuit 0 is employed to energize 
winding 25, of transformer 9 associated with 
electric valve 3, in series with transformer wind 
ing 34 of transformer 23 which is associated with 

et valve 7 through conductors 79, 80 and 

4-45 are connected to the proper windings of 
transformers 22 and 20, 20 and 24, 23 and 2, 22 
and 2, and 9 and 24. It will be noted that each 
of the excitation circuits 40-45 is connected to 
the proper series-connected primary windings of 
a predetermined pair of transformers associated 
with oppositely disposed electric valves. 

In explaining the operation of the embodiment 
of my invention diagrammatically illustrated in 
Fig. 1 of the accompanying drawings, let it be 
assumed that the group of electric valves 6-8 is 
supplying unidirectional current to the direct 
current load circuit from the alternating cur 
rent supply circuit 2, and the group of electric 
valves 3-5 returns this current to the supply 

30 

In like manner, the excitation circuits 

0. 

5 

SO 
circuit 2. Furthermore, let it be assumed that 
the filter circuit including the capacitance S is 
predominately capacitive. To control the con 
ductivity of electric valves 3-8 so that these 
valves operate as a polyphase full wave rectifier 
for supplying a capacitive load circuit, I have 
found it necessary to supply excitation current 
to the immersion-ignitor control member if for 
each of the electric valves twice during each 
cycle of applied alternating potential, since the 
current through the respective electric valves 
will not be maintained for a sufficient period 
when the filter circuit is predominately capacil 
tive. Where the load circuit is predominately 
resistive or inductive, it will be well understood 
by those skilled in the art that each of the elec 
tric valves in an arrangement similar to that 
diagrammatically shown in Fig. 1 will conduct 
current for substantially 120 electrical degrees, 
thereby necessitating only one energization for 
each electric valve during one cycle of alternat 
ing potential. However, where the load circuit 
is of such a nature that the current is not main 
tained for a predetermined period, it becomes 
necessary to render each of the electric valves 
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Conductive more than once during each cycle of 
alternating potential. 
The excitation circuits 40-45, which are ener 

gized from the alternating current supply circuit 
2 through phase shifter 63 and transformers 
64-69, effect energization of predetermined pairs 
of Oppositely disposed electric valves at intervals 
of 60 electrical degrees. The sequence in which 
the excitation circuits 40-45 supply energizing 
or exciting current to the respective immersion 
ignitor control members f f is 40, 45, 42, 4, 44 
and 43. In accordance therewith, pairs of elec 
tric valves will be rendered conductive simulta 
neously. The sequence in which the pairs of 
electric valves are rendered conductive is as 
follows: 3 and 7, 3 and 8, 4 and 8, 4 and 6, 5 and 
6, and 5 and 7. m 
Each of the excitation circuits 40-45 will effect 

energization of the immersion-ignitor control 
members to initiate simultaneously electrical 
discharges in the arc paths of the associated 
pairs of oppositely disposed electric valves at the 
proper time. By way of example, the excitation 
circuit 40 will supply a voltage of suitable wave 
form to the primary winding 25 of transformer 
9 and to the primary winding 34 of transformer 
23 to render electric valves 3 and 7, respectively, 
Conductive at a predetermined time. At the 
proper time the electronic discharge device 46 
will be rendered conductive by the control mem 
ber 54 to effect discharge of the capacitance 55 
through a circuit including conductor T9, pri 
mary winding 25 of transformer 9, conductor 80, 
primary winding 34 of transformer 23, conductor 
8 and electronic device 46. The capacitance 55 
has, of course, been charged previously from the 
source of alternating current 62 through elec 
tric valve 70 and the associated transformer 76. 
In a similar manner, the excitation circuits, 
4-45 will effect energization of the associated 
pairs of oppositely disposed electric valves in the 
proper sequence. 

Referring now to Fig. 2 of the accompanying 
drawings, there are represented certain operating 
characteristics concerning the operation of the 
electric valve aggregate diagrammatically illus 
trated in Fig. 1 when applied to an arrangement 
for energizing a load circuit through a filter cir 
cuit which is predo,ainately capacitive. The 
curves A, B, C, D, E, F and G represent the load 
Current which will flow in the electric valve circuit 
when the resultant initial effect of the connected 
circuits is predominately capacitive. The smaller 
curves H, I, J, K, L, M, and N represent the excita 
tion currents supplied to certain of the electric 
valves. As previously stated, in order to establish 
a circuit through the electric valve aggregate for 
energizing the load circuit it is necessary that at 
least one pair of oppositely disposed electric valves 
be conductive at the same time. If the curves. A 
and B be assumed to represent the currents which 
are supplied to the load circuit through electric 
valve 8, it is, therefore, necessary that an oppo 
sitely disposed electric valve, for example valve 7, 
be conductive at the same time. If the curve E be 
considered as the load current flowing through the 
electric valve T, the connected circuits will be 
energized during this interval. Electric valves 3 
and , respectively, are rendered simultaneously 
conductive by virtue of the excitation current 
represented by Curves and at the time, a. 
Since the filter circuit is predominately capacitive 
the current represented by curves A and E will 
not persist to maintain these valves conductive 
and it is, therefore, necessary that at the time b 

3 
another pair of electric valves, such as valves 3 
and 8, be rendered simultaneously conductive. 
Curves F and M may be assumed to represent the 
load current and the excitation current, respec 
tively, for electric valve 8. Similarly, at time c 
the electric valve 4 and the electric valve 8 will be 
rendered conductive simultaneously to effect ener 
gization of the load circuit . It will, therefore, 
be noted that the excitation currents represented 
by curves H-N render the electric valves con 
ductive in a proper sequence and that each of the 
electric valves is rendered conductive twice during 
each 360 electrical degrees and that the interval 
between these energizations is substantially 60 
electrical degrees. 
By virtue of my invention, I provide an ar 

rangement for obtaining a greater range of volt 
age control of electric valve circuits by phase shift 
control, that is by advancing or retarding the 
phase of the voltages impressed upon the control 
members relative to the voltages appearing be 
tween the associated anodes and the cathodes of 
the respective electric valves. 

O 

5 

Referring now to Fig. 3 of the accompanying . 
drawings, certain operating characteristics of my 
invention are illustrated when the embodiment of 
my invention diagrammatically shown in Fig. 1 is 
energizing a resistive load and is operating with 
the phase of the control voltages considerably 
retarded relative to the voltages impressed be 
tween the anodes and cathodes of the several 
electric valves. Let it be assumed that the sine 
curves O, P and Q represent the voltages in 
pressed upon the electric valves by the alternating 
current supply circuit 2. As will be understood by 
those skilled in the art, when there is substantial 
phase coincidence between the voltages impressed 
upon the respective control members f and the 
voltages impressed upon the anodes of the electric 
valves, each electric valve will conduct current for 
Substantially 120 electrical degrees. For example, 
electric valves 3, 4 and 5 will conduct current 
during the intervals d-e, e-f, and f-g, respec 
tively, and the electric valves 8, 6 and T will con 
duct, current during the intervals h-i, i-j, and 
i-c, respectively. If the phase of the voltage 
impressed upon the control members is re 
tarded, the electric valves will continue to operate 
over a corresponding portion of the curves until a 
certain predetermined maximum phase displace 
ment is obtained. This maximum displacement 
is represented by the angular displacements m. n 
and O. For angular displacements less than the 
angular displacements represented by the points 
m. n, and o, it is necessary to excite each of the 
electric valves only once during each 360 electrical 
degrees. However, if it is desired to obtain 
greater voltage control by retarding the control 
voltages by a still greater angle into the quadrant 
bevond the 90' lagging position, it is necessary to 
excite each of the electric valves twice during each 
360 electrical degrees. If the voltages impressed 
upon the respective control members of electric 
valves 3-8 are retarded by the phase shifter 63 to 
angles corresponding to points p. q and r, it be 
cones necessary to render each of the valves 
conductive twice during each cycle. For example, 
if electric alves 3 and T are rendered conductive 
at the time p, these valves will supply current to 
the load circuit , assuming a resistive load, dur 
ing the interval p-e. At the time e since the 
net voltage impressed upon the load circuit is zero, 
the electric valves 3 and will become non-con 
ductive. Hence at the times electric valves 3 and 
must be rendered conductive and these valves 
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will conduct current to the load circuit during the 
interval s-. At the time i electric valves and 
8 will become non-conductive. In like manner, at 
the times q, t, r and as the pairs of electric valves 
and 8, 4 and B, S and B, S and 7, respectively, must 
be rendered conductive to obtain this increased range of voltage control. It will be noted that to 
obtain this increased voltage control, it is neces 
sary to render each of the electric valves conduc 
tive twice during each cycle and that these succes 
sive energizations for each valve during any one 
cycle occur at 60 electrical degree intervals. . 
In view of the above comments and with par 

ticular reference to the operating characteristics 
of Fig. 3, it will be appreciated that pairs of electric 
valves are rendered simultaneously conductive 
more than once during each half cycle of voltage 
of the alternating current supply circuit. Fur 
thermore, it will be understood that energizing 
impulses of current are transmitted to the control 
members f of each of the electric valves - 
twice during a half cycle of voltage of the alternat 
ing current supply circutt 2. - 
Although my invention has been explained rel 

ative to an electric valve rectifying system employ 
ing electric valves of the gaseous type having 
immersion-ignitor control members, it should be 
understood that my invention in its broader 
aspects may be applied to electric valve translat 
ing circuits generally irrespective of the type of 
circuit or nature of the gaseous electric valves employed. 
While I have shown and described my invention 

as applied to a particular system of connections 
and as embodying various devices diagrammatic 
ally shown, it will be obvious to those skilled in 
the art that changes and modifications may be 
made without departing from my invention, and 
I, therefore, aim in the appended claims to cover 
all such changes and modifications as fall within 
the true spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination, an alternating current sup 

ply circuit, a load circuit which is predominately 
capacitive, electric valve means of the gaseous 
type for interconnecting said circuits and includ 
ing a plurality of arc paths each having a control 
member associated therewith, said load circuit be 
ing of a nature which does not permit the con 
tinuous conduction of current during the entire 
normal interval of conduction of each of said arc 
paths established by the voltage-of said supply 
circuit, and means for selectively energizing said 
control members to render predetermined arc 
paths of said arc paths simultaneously conductive 
at a number of predetermined different intervals 
during each cycle of potential of said alternating 
current circuit to permit an extended range of 

st of an electrical condition of said load circuit. 
2. In combination, an alternating current cir 

cuit, a load circuit having a predominately capac 
itive admittance, electric valve translating appar 
atus for interconnecting said circuits and includ 
ing a plurality of arc paths each having a control 
member associated therewith, said load circuit 
being of a nature which does not permit the con 
tinuous conduction of current during the entire 
normal interval of conduction of each of said Arc 
paths established by the voltage of said supply 
circuit, means for impressing potentials on said 
control members to render predetermined arc 

s 
paths of said arc paths simultaneously conductive 
more than once during each half cycle of potential 
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of said alternating current circuit, and means for 
controlling the phase of said potentials to permit 
an extended range of control of an electrical con 
dition of said load circuit. 

3. In combination, a supply circuit, a load cir 
cuit, and electric translating apparatus intercon 
necting said circuits comprising a pair of arc paths 
each having a control member, individual means 
associated with each control member for effecting 
energization thereof, and an excitation circuit for 
energizing said individual means in series to effect 
simultaneous initiation of electrical discharges in . 
said arc paths. 

4. In combination, a supply circuit, a load cir 
cuit, and electric translating apparatus intercon 
necting said circuits comprising a pair of electric 
valves each having an immersion-ignitor control 
member for controlling the conductivity of the 
associated electric valve, individual means for 

O 

5 

effecting energization of said control members, 20 
and an excitation circuit for energizing said indi 
vidual means in series to supply currents simul 
taneously to said control members. 

5. In combination, an alternating current cir 
cuit, a load circuit, translating apparatus inter 
connecting said circuits and comprising One group 
of electric valves for transmitting current to said 
load circuit and a second group of electric valves 
for returning said current from said load circuit, 
and means for rendering simultaneously conduc 
tive one valve in said one group of valves and an 
other valve in said second group and subsequently 
rendering simultaneously conductive said one 
valve in said one group and a different valve in 
said second group during each cycle of potential 
of said alternating current circuit. 

6. In combination, an alternating current Sup 
ply circuit, a load circuit, translating apparatus 
interconnecting said circuits and comprising One 
group of electric valves for transmitting current 
to said load circuit and a second group of electric 
valves for returning said current from said load 
circuit, and a plurality of excitation circuits for 
rendering one pair of electric valves simultan 
eously conductive during, one half cycle of poten 
tial of said alternating current circuit and for subsequently rendering simultaneously conductive 
another pair of electric valves during the same half cycle. 

7. In combination, a supply circuit, a load cir 
cuit, and electric translating apparatus intercon 
necting said circuits comprising a pair of electric 
valves each having an immersion-ignitor control 

40 

45 

50 

member for controlling the conductivity of the 
associated electric valve, individual means asso 
cated with each of said control members for ener 
gizing said control members, and an excitation 
circuit for energizing said individual means in 

55 

series to render said valves conductive simul- . taneously. 
8. In combination, a supply circuit, a load cir 

cuit, and electric translating apparatus inter 
connecting said circuits comprising a pair of elec 
tric valves each having an innersion-ignitor 
control member for controlling the conductivity 
of the associated electric valve, a pair of trans 
formers each associated with a different one of 
said control members and having primary 
windings connected in series relation and an 
excitation circuit including a capacitance, a 
source of direct current for charging said ca 
pacitance and an electronic discharge device for discharging said capacitance through said se 
ries-connected primary windings to render said 
electric waves conductive simultaneously. 

60 
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9. In combination, a supply circuit, a load cir 

cuit, a group of electric valves each having a 
control member and being connected to transmit 
current from said supply circuit to said load 
circuit, a group of electric valves each having a 
control member and being connected in a Sense 
opposite to that of said first-mentioned group 
of electric valves for returning said current from 
said load circuit to said supply circuit, a plu 
rality, of transformers each associated with a 
different one of said electric valves for energiz 
ing said control members and having two primary 
windings, each winding being connected in Series 
with a primary winding of a transformer aSS0 
ciated with a different oppositely disposed elec 
tric valve, and a plurality of excitation circuits 
each being arranged to render simultaneously 
conductive a different pair of oppositely disposed 
electric valves through the respective series-Con 
nected primary windings. 

10. In combination, an alternating current 
supply circuit, a load circuit, a group of electric 
valves each having a control member and being 
connected to transmit current fron Said Supply 
circuit to said load circuit, a group of electric 
valves each having a control member and being 
connected in a sense opposite to that of said first 
mentioned group of electric valves for returning 
said current from said load circuit to said supply 
circuit, a plurality of transformers each 2SSociated 
With a different one of said electric valves for 
energizing said control members and each hav 
ing two primary windings, each winding being 
connected in Series relation with a primary Wind 
ing of a transformer associated with a different 
oppositely disposed electric valve, and a plurality 
of excitation circuits each being arranged to 
render conductive simultaneously a different pair 
of oppositely disposed electric valves through said 
series-connected windings and being arranged to 
render each of said waves conductive twice dur 
ing each cycle of alternating potential. 

11. In combination, a polyphase alternating 
current supply circuit, a load circuit, a group of 
electric valves each having a control member 
and each being connected to transmit current 
from said supply circuit to said load circuit, a 
group of electric valves each having a control 
member and being connected in a sense opposite 
to that of said first-mentioned group of electric 
valves for returning said current fron said load 
circuit to said supply circuit, a plurality of trans 
formers each associated with a different one of 
said electric valves for energizing said control 
members and each having two primary wind 
ings, each winding being connected in series rela 
tion with a primary winding of a transformer as 

5 
sociated with a different oppositely disposed elec 
tric valve, and means for controlling the con 
ductivity of each of said electric valves by re 
tarding the phase of voltages impressed on the 
control members comprising a plurality of ex 
citation circuits each being associated with the 
transformers of a different pair of oppositely, dis 
posed electric valves for rendering conductive 
said pairs of valves in a predetermined sequence 
and for rendering each of said electric valves 
conductive twice during each cycle of alternating 
potential. 

12. In combination, an alternating current Sup 
ply circuit, a load circuit, translating apparatus 
interconnecting said circuits and comprising One 
group of electric valves for transmitting current 
to said load circuit and a Second group of electric 
valves for returning said current from said load 
circuit, said electric valves each being of the type 
employing an ionizable medium and each having 
a control member for rendering the valves con 
ductive, and a plurality of excitation circuits for 
energizing the control members and comprising 

O 

5 
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means for selectively advancing and retarding the 
times of energization of said control members 
relative to the voltage of said supply circuit to 
control the Voltage impressed on said load circuit 
and means for rendering simultaneously conduc 
tive Cne valve in Said. One group of valves and a 
valve in said Second group of valves and subse 
quently rendering simultaneously conductive said 
one valve in said one group and a different valve 
in said Second group during each cycle of voltage 
of Said supply circuit. 

13. In combination, an alternating current sup 
ply circuit, a direct current load circuit, elec 
tric translating apparatus connected to said 
supply circuit and comprising a plurality of elec 
tric valve means each having a control member 
for controlling the conductivity thereof, a filter 
circuit having a predominately capacitive ad 
mittance connected between said electric valve 
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means and said load circuit, said filter circuit be 
ing of a nature which does not permit the con 
tinuous conduction of current during the entire 
normal interval of conduction of each of said elec 
tric valve means established by the voltage of said 
supply circuit, and means for selectively energizing 
said control members to render predetermined 
electric valves of said electric valves simultane 
ously conductive at a number of predetermined 
different intervals during each half cycle of po 
tential of said alternating current circuit to per 

45 
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mit an extended range of control of the voltage 
of said load circuit. 
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