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My invention relates to electric valve translat-
ing apparatus and more particularly to control
or excitation circuits for electric valves.

Heretofore in electric valve circuits, the con-

5 1trol or excitation circuits have involved the use
of apparatus intricate in construction and ar-
ramgement” and have required frequent renew-
als and replacements. Coincidentally with the
increased application of electric valve translat-

U ing apparatus to power transmission and dis-
tribution systems, it has become evident that it
is highly desirable to employ excitation circuits
using only those electrical elements or parts
which are susceptible of long life without requir-

15 ing a disproportionate degree of care and in-
spection in order to assure a reasonable continu-
ity of service and reliability in operation.

It is an object of my invention to provide a
new and improved electric circuit for supplying

sy a periodic potential of predetermined wave form.

It is another object of my invention to pro-
vide a new and improved electric valve translat-
ing . circuit.

It is a further object of my invention to pro-

o5 vide a new and improved excitation circuit for
controlling electric valve means,

It is a still further object of my invention to
provide an excitation circuit for electric valve
means which employs only apparatus of a rugged

~ construction and which supplies a potential suit-
able for controlling electric valves of the type
employing ionizable mediums such as gases or
vapors.

In accordance with the illustrated embodi-

«5 ments of my invention, I provide excitation cir-
cuits for controlling the conductivity of electric
valve means which employ electrical elements
which are rugged in construction and which are
susceptible of long life, such as resistances, ca~

40 pacitances and inductances, arranged and cor-
related so that suitable control voltages are pro-
vided. In one embodiment of my invention, I
employ an excitation circuit including a serially-
connected impedance element and an inductive

<5 device having a winding, a core member and
means, such as a permanent magnet, for estab-
lishing in the core member a unidirectional flux.
Means, such as a transformer, is associated with
the impedance element to impress on the con-
.50 trol member of an associated electric valve a
periodic potential of substantially rectangular
wave form having positive portions of relatively
short duration and negative portions of rela-
tively greater duration. - In another embodiment
»i7 of my invention, I employ additional means, such

1936, Serial No. 76,450
(CL 175—363)

as capacitances and nonlinear resistances, to in-
crease the magnitude of the negative portion of
the periodic control potential. In a further em-~
bodiment of my invention, I provide an excita-
tion circuit including a serially-connected ca-
pacitance, an impedance element and an induc-
tive device having a core member, a winding in-
ductively associated with the core member and
a unidirectional magnetizing element for im-
pressing on the control member of an associated
electric valve a potential having positive portions
of relatively short duration and negative por-
tions of relatively greater duration. In a still
further embodiment of my invention, I provide
a modification of the above-mentioned excita-~
tion circuits in which a potential of peaked wave
form is introduced in the excitation circuit to
co-operate with the periodic potential of rec-
tangular wave form to provide a resultant con-
trol potential of substantially greater magnitude
and longer duration than the periodic potential.

For a better understanding of my invention,
reference may be had to the following desecrip-
tion taken in connection with the accompany-
ing drawings and its scope will be pointed out
in the appended claims.

Fig. 1 of the accompanying drawings diagram-
matically illustrates an embodiment of my in-
vention as applied to an electric valve translat-
ing circuit; Fig. 2 shows certain operating char-
acteristics of the illustrated embodiments of my
invention; Fig. 3 diagrammatically represents a
simplified embodiment of the invention shown
in Fig. 1; Fig. 4 diagrammatically shows another
embodiment of my invention as applied to an
electric valve translating circuit for transmit-
ting energy between an alternating current cir-
cuit and a direct current circuit and in which
means are provided for controlling the excita-
tion circuits in accordance with an electrical
condition of one of the power circuits; and Fig.
5 diagrammatically shows ancther embodiment
of my invention as applied to an electric valve
translating system for transmitting energy be-
tween a polyphase alternating current circuit
and a direct current circuit.

Referring now to Fig. 1 of the accompanying
drawings, my invention is diagrammatically
illustrated as applied to an electric valve translat-
ing circuit for transmitting energy between an
alternating current circuit 1 and a direct cur-
rent circuit 2 through a transformer 3 and elec-
tric valves 4 and 5, preferably of the type em-
ploying ionizable mediums such as gases or va-
pors. Each of the electric valves 4 and 5 is pro-
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vided with an anode 6, a cathode 7 and a con-
trol member 8. To control the conductivity of
electric valves & and 5§, I provide excitation cir-
cuits 8§ and i9, respectively; each of these exci-
tation circuits includss a serially-connected im-
pedance element, such as a resistance 1!, and
an inductive device {2 having a core member 13,
a unidirectional magnetizing element, such as a
permanent magnet {4, and a winding {5 induc-
tively associated with the core member {3. The
excitation circuits & and {2 may be energized
from any suitadle source of alternating potential
of substantially sinusoidal wave form. In the
arrangement diagrammatically shown in Fig. 1,
the excitation circuits $ and (0 are energized
from the alternating cuivent circuit ¢ through
any conrventional phase shifting arrangement,
such as the rotary phase shifters 6. Where it is
desirable to intreduce in the excitation circuits
9 and {0 additional voltages to assure more
positive control of the eleciric valves & and 5, I
provide transiormers {7 having sacondary Wmd-
ings 8. These transformers are
the type designed %o provide a voltage of ,;aLoc Ti-
tially peaked wave form and are energized from
any suitable soures potanma,
such as the altern
any conventional

alapt

phase

such as the rotary pbaue

shifting arrange‘nent,
shifter {8. In order to
1 members 8 of electric
valves 4 and § a potential which varies in accord-
ance with an elect: "a_ condition such: as the voli-
age, of the impsdance element 11 and which is
also responsive to the voltage of the secondary
winding 8 of transformer i7, I provide in each
of the excitation circuits § and i8¢ a transformer
28 having a primary winding 2{ and a secondary
winding 22. The primary winding 2! of trans-
former 29 and the secondary winding 13 of trans-
former i7T are serially-connected relative to each
other and are connected across the impedance
element !f{. A nonlinear resistance 23, which
may be of the material deseribed and claimed in
United States Patent No. 1,822,743, granted Sep-
tember 8, 1931, on an application of K. B. Mc-
Eachron, and assigned to the assignee of the pres-
eni apnlication, is connected between the cath-
ode ¥ and control member 8 of the assocciated
electric valve 4, and serves to suppress electrical
transients.

Where it is desivable to
creasing the magnitude of
of the psrmd-c potential im;
riember 8, I provide a serially-connected capaci-
tance 24 and a resistance 2% which are connected
across the secondary winding 22 of transformer
20. The resistance 3 may be of the type having
2 nonlinear volt-ampere characteristic. A cur-
rent limifing resistance 26 is connected in series
with the centrel member 8 of the associated elec-
tric valve 4.

The ope 13!.1011 of the embodiment of my inven-
tion diagrammatically shown in Fig. 1 may be
explained by considering the electric valve trans-
lating circuit when energy is being transmitted
from the alternating current circuit i to the di-
rect current cirecuit 2. In the manner well un-
derstocd by those skilled in the art, electric
valves 4 and 5 will be rendered conductive alter-
nately to supply unidirectional current io the
circuit 2. The operating characteristics of the
arrangement shown in Fig. 1 are represented in
Fig. 2 where in Diagram I, curve A represents the
sinusoidal alternating notential impressed on
the excifation circuits by circuit | through the

impress on the e

*‘ A
(—,

rrovide means for in-
t he 1 eg tive portions
mpressed on the control
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phase shifters 16; curve B represents the voltage
appearing across the winding 15 of inductive de-
vice 12 and curve C represents the potential ap-
pearing across the impedance element [(f, while
curve D represents the potential C as modified by
the serially-connected capacitance 24 and the re-
sistance 25. In Diagram II, curve E represents
the periodic potential of peaksd wave form which
is introduced in the excitation circuit § by trans-
former 17; and curve F represents the resultant
potential as modified by the serially-connected
capacitance 24 and resistance 25 and which is
impressed on the control members 8 when the
peaking transformers {1 are energized.

In connection with the manner in which the
inductive element 12 and the serially~-connected
impedance element 1{ co-operate to provide the
periodic control potential as represented by the
curve C, it is to be noted that during those half
cycles in which the alternating potential fur-
nished by phase shifter 16 tends to establish in
the core member 13 of inductive device {2 a flux
which is in the same direction as the flux estab-
lished by the permanent magnet (4, the current
which flows in the excitation circuit will have
a wave form substantially as that indicated dur-
ing the interval a—b. It will be noted that
the wave form of the current is substantially
rectangular and that the positive portion is sub-
stantially less than 180 electrical degrees. Fur-
thermore, it is to be noted that when the volt-
age lmpressed on each of the excitation circuits
isin a direction tending to establish a flux oppos-
ing that established by the permanent magnet
{4, the current flowing in the excitation circuit
and hence the voltage appearing across the re-
sistance Il may be represented by the portion
of the curve C lying between points b and c.
Since the nonlinear or disproportionate current
variation occurs at or near the maximum value
of the flux wave which lags the applied voltage
by 50 electrical degrees (not shown), the dispro-
portionate increase in current as represented by
the portion of curve C during the interval a—b
will occur substantially as shown relative to the
curve A, Of course, the curve A also represents
the potentials impressed on the associated exci-
tation circuits. Neglecting, for the present, con-
sideration of the effect of the peaking trans-
former {7, the voltage impressed on the primary
winding 21 of transformer 20 and hence the volt-
age appearing across the terminals of secondary
winding 22 may be represented by the curve C.

The serially-connected capacitance 24 and the
resistance 25 serve to decrease the magnitude.
of the potential impressed on control member
8 as represented by the portion of curve D dur-
ing the interval a—b but effect an increase in
the magnitude of the negative portion of this
curve lying between the points b and ¢. This
feature is of considerable importance in those
applications where it is desirable to provide an
increased negative bias voltage for use where
electric valves of the gaseous or vapor type are
employed and where it is desirable to effect rapid
deionization of the valves after the valves have
completed the normal periods of conduction.

Where it is desired to provide a potential which
is greater in magnitude than the potential ap-
pearing across the impedance element {{, the
transformer (71 is employed and the phase of the
peaked voltage is adjusted to occur in substan-
tially the phase position shown by curve E in
Diagram II of Fig. 2. This arrangement is par-
ticularly advantageous in those applications
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where it is desirable to assure positive starting
by the application of a relatively large voltage
of perpendicular wave front on the control mem-
ber of the associated electric valve and where it
is desirable to continue the application of a rela-
tively large positive potential to the control mem-
ber after the electrical discharge has been initi-
ated in the electric valve. Referring to Diagram
II, it is to be noted that during interval d—e

this relation of voltages is obtained by adjusting .

the phase of the peaked voltage B so that -it
occurs immediately preceding the positive por-
tion of the rectangular potential represented by
curve C.

In Fig. 3 of the accompanying drawings, there
is shown a simplified embodiment of the excita-
tion circuit disclosed in Fig. 1, and correspond-
ing elements have been assigned like reference
numerals. An additional element, a transformer
21, is employed to impress an alternating poten-
tial on the excitation circuit. It should be under-
stood that suitable phase shifting arrangement,
corresponding to the rotary phase shifter 16 of
Fig. 1, may also be associated with the modified
embodiment in Fig. 3 to conirol the phase of
the potential impressed on the control member
8 relative to the potential impressed on the an-
ode 6.

The operation of the embodiment of my inven-
tion shown in Fig. 3 is substantially the same
as that described above in connection with Fig. 1.
A potential of substantially sinusoidal wave form,
which may be represented by curve A in Dia-
gram I of Fig. 2, is impressed on the excitation
circuit of Fig. 3 by means of the transformer
21. The wave form of the voltage appearing
across the impedance element {1 will be sub-
stantially that as represented by curve C in Dia-
gram I of PFig. 2, and this curve also represents
the wave form of the voltage impressed on the
control member 8 of electric valve 4. In this
manner, the excitation circuit of Fig, 3 provides
a periodic potential having positive portions of
substantially rectangular wave form and of rela-
tively short duration, and having negative por-
tions also of substantially rectangular wave form
but of substantially greater duration than that
of the positive portions.

Referring now to Fig. 4 of the accompanying
drawings, a further embodiment of my invention
is diagrammatically shown as applied to an elec-
tric valve translating circuit for transmitting en-
ergy between an alternating current circuit 28
and & direct current circuit 23 through a trans-
former 38 and electric vaives 3{ and 32. Each of
the electric valves §1 and 32 is provided with an
anode 33, a cathode 34, and a control member
35, and is preferably of the type employing an
ionizable medium such as a gas or a vapor.

To control the conductivity of slectric valves
31 and 32, I provide excitation circuits 38 and 31,
respectively. Hach of these excitation circuits
includes a serially-connected capacitance 38, an
impedance element such as a resistance 239, and
an inductive device 49 having a core member 41,
a winding 42 and a unidirectional magnetizing
element such as a winding 43 energized from any
suitable source, such as the direct current circuit
44, through a resistance 45 and a smoothing re-~
actor 46. The capacitance 38 of Fig. 4 serves
substantially the same purpose as the capaci-
tance of Fig. 1; that is, it functions to increase
the magnitude of the negative portions of the
periodic voltage appearing across the impedance
To impress on the excitation circuits

3

36 and 37 potentials of substantially sinusoidal
wave form, I employ a fransformer 41 having a
primary winding 48 and a secondary winding 49
which is energized from any suitable source of
alternating potential, such as the auxiliary cir-
cuit 592, through any conventional phase shifting
arrangement, such as the rotary phase shifter
5! and the automatic phase shifting circuit 52.
The excitation circuits may be energized from
circuit 28 if desired. The automatic phase shift-
ing circuit 52, illustrated as of the impedance
type, comprises a transformer 53, a resistance 54
and a saturable inductance $% having a primary
winding 53 and a secondary winding 57. The
primary winding of transformer 47 is energized
in zccordance with the voltage appearing between
resistance 58 and saturable inductance 55 and
an electrical mid-connection of a secondary wind-
ing of transformer $3. The secondary winding
571 of saturable inductance §% is connected in
series with the direct current load circuit 22 and
provides an arrangement for controlling the in-
ductance of the reactor 55 in accordance with an
electrical condition such as the current of the
direct current circuit 29. In order to impress on
the control member 35 of electric valves 3i and
32 a potential which varies in accordance with
an electrical condition of impedance element 3§,
I provide a transformer 58 and a current limiting
resistance 89 connected in series with the control
member 3% and the secondary winding of trans-
former 58. A nonlinear resistance 68 is connect-
ed across the cathode 34 and control member 35
to suppress high voltage transients.

It will be observed that the excitation circuit
just described is substantially the same as the
arrangement shown in Fig. 1, except that the
bias of the reactor 43 is provided by the direct
current circuit 44 rather than a permanent mag-
net, and the capacitance 38 is introduced in series
relation with the impedance element 39; and the
current responsive impedance phase shifting cir-~
cuit 52 is interposed between the source of alter-
nating potential and the excitation circuit.

The general principles of operation of the em-
bodiment of my invention diagrammatically
shown in Fig. 4 are substantially the same as
tirose explained in connection with the operation
of the arrangement shown in Fig. 1. By virtue
of the inductive device 40 and the asscciated
unidirectional magnetizing element or winding
43, the current flowing in the excitation circuit,
comprising capacitance 38, impedance element
28 and winding 42 of inductive device 48, will

have a wave form such that the positive portions 5:

are substantially rectangular and of relatively
short duraticn while the negative portions will
also be rectangular but will be of substantially
greater duration than that of the positive por-
tions. The phase shifter 51 may be arranged,
by the design of the saturable inductance 53, to
control the phase of the potential impressed on
the contrel members 35 of electric valves 3f and
32 to effect control of the voltage of the direct
current circuit 29. By suitable design of this
circuit, the voltage of direct current circuit 29
may be maintained substantially constant or the
voltage may be caused to increase or decrease in
accordance with a predetermined variation in
he current of circuit 29, Let it be assumed
that the saturable inductance 5% is designed so
that at no load the inductance of winding 57 is
such that the voltages impressed on the control
members 35 of electric valves 3i and 32 lag the

voltages impressed on the anodes 33 of these 75
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valves. As the load current in circuit 28 in-
creases, effecting thereby saturation of the re-
actor 55, the inductance of winding 58 will be
decreased. This change in inductance may he
utilized to advance the phase of the potential
impressed on the control members 35 to effect
an increase in the voltage impressed on the cir-
cuit 29.

In Fig. 5 of the accompanying drawings, I have
diagrammatically illustrated a further embodi-
ment of my invention as applied to an electric
valve translating system for transmitting energy
between a polyphase alternating current circuit
8{ and a direct current circuit &2 through a
transformer €3 and smocthing reactors 64. Elec-
tric valves 65-10, inclusive, are provided to obtain
full wave rectification of the alternating current
supplied by circuit 61. Excitation circuits T1-16,
inclusive, are associated with electric valves
$5-16, respectively. The excitation circuils
11786, inclusive, are substantially similar to the
excitation circuits 9 and i8 ¢f the embsdiment of
my invention shown in Fig. 1, distinguishing from
those circuits only by the omission of capacitive
clements in the circuits. Corresponding ele-
ments have been assigned like reference numer-
als. The excitation circuits 7{-15, inclusive, are
energized from any suitablie three-phase alter-
nating current system, such as alternating cur-
rent circuit 17, by means of transformers 18, 79,
and 8%, and through conventional phase shifting
arrangements such as the rotary phase shifters
81, 82, and 83, respectively.

The operation of the excitation circuits T1-16
diagrammatically shown in Fig. 5 of the accom-
panying drawings will be substantially the same
as that explained in connection with the oper-
ation of excitation circuits § and {9 of Fig. 1.
The potentials impressed on the control members
of electric valves £5-710 will have wave forms
corresponding to the resultant potential as ob-
tained by the addition of curves E and C in
Diagram II of Fig. 2. The manner in which
electric valves 53~T8 operate to supply unidirec-
tional current to the load circuit 62 from the
polyphase alternating current circuit 61 will be
well understood by those skilled in the art.

Although in the above disclosed embhodiments
I have chosan to describe my invention as applied
to electric valve translating circuits for trans-
mitting energy between an alternating current
circuit and a direct current circuit, it should be
understood that my invention in its broader as-
pects may be applied to electric valve transiat-
ing circuits generally for transmitting energy
between single phase or peolyphase alternating
current circuits and direct current circuits or
between alternating current circuits of the same
or different frequencies.

While I have shown and described my inven-
tion as applied to particular systems of con-
necticns and as embodying various devices dia-
grammatically shown, it will be obvious to those
skilled in the art that changes and modifications
may be made without departing from my inven-
tion, 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 in-
vention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. In combination, a scurce of alternating po-
tential, an impedance element, an inductive de-
vice having a core member, a unidirectional mag-
netizing element and a winding connected in

2,104,890

series with said impedance element across said
source, and means responsive to an electrical con-
dition of said impedance element for supplying a
periodic electrical quantity having positive por-
tions of substantially shorter duration than the
negative portions.

2. In combination, a source of alternating po-
tential, an inductive device having a winding
and a unidirectional magnetizing element, means
comprising an impedance element connected in
series with said winding across said source for
supplying a periodic potential having positive
portions of relatively short duration and having
negative portions of a duration substantially
greater than 180 electrical degrees, and means
for controlling the phase relationship of said
positive portions and said alternating potential.

3. In combination, an electric valve means
having a control member, and an excitation cir-
cuit comprising a source of alternating potential,
an inductive device having a core member, a
unidirectional magnetizing element for establish-
ing a unidirectional flux in said core member
and a winding inductively associated with said

care member, and means including an impedance :

element connected in series with said winding
across said source for impressing on said control
member a periodic potential.

4. In an excitation circuit for an electric valve
means having a control member, the combination
of a source of alternating potential, an im-
pedance element, an inductive device having a
core member, a unidirectional magnetizing ele-
ment and a winding, said winding being con-
nected in series with said impedance element
across said source, and means responsive to an
electrical conditicn of said impedance element
Tor impressing on said control member a periodic
potential.

5. In combination, a supply circuit, a load cir-
cuit, electric translating apparatus interconnect-
ing said circuits including an eiectric valve means
having a control member, and an excitation cir-
cuit comprising a source of alternating potential,
an impedance element, an inductive device hav-
ing a core member, a winding and a unidirec-
tional magnetizing member, said impedance ele-
ment and said winding being connected in series
reiation across said source, and reans responsive
to an electrical condition of said impedance ele-
ment for impressing on said control member a
periodic control potential.

6. In an excitation circuit for an electric valve
means having a control member, the combina-
tion of a source of alternating potential, an im-
pedance element, means comprising an inductive
element having a core member, means for estab-
lishing a unidirectional fiux in said core member
and o winding inductively associated witn said
core member, said impedance element and said
winding being connected in series relation across
said source for producing a periodic electrical
quantity having posifive portions of substantially
shorter duration than that of the negative por-
tions, and means for impressing on said control
member & periodic potential which varies in ac-
cordance with said periodic electrical quantity.

7. In combination, a supply circuit, a load cir-
cuit, electric translating apparatus interconnect-
ing said circuits including an electric valve means
having a control member, and an excitation cir-
cuit comprising a source of alternating potential,
an impedance element and an inductive device
having a core member, a permanent magnet bias-
ing member for establishing a unidirectional flux
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in said core member and a winding inductively
associated with said core member, said impedance
element and said winding being connected in
series relation across said source, and means re-
sponsive to an electrical condition of said im-
pedance element for impressing on said control
member & periodic control potential.

8. In combination, a supply circuit, a load cir-
cuit, electric translating apparatus interconnect-
ing said circuits including an electric valve means
having a control member, and an excitation cir-
cuit comprising a source of alternating potential
of substantially sinusoidal wave form, an imped-
ance element and an inductive device having a
winding, a core member and means for estab-
lishing a unidirectional flux in said core member,
said impedance element and said winding being
connected in series relation across said source,
and means responsive to an electrical condition
of said impedance element for impressing on said
control member a periodic potential having posi-
tive portions of relatively short duration and hav-
ing negative portions of substantially greater
duration than that of said positive portions.

9, In combination, a source of alternating po-
tential, a circuit arranged to be energized from
said source for producing a periodic electrical
quantity having positive portions of substantially
shorter duration than the negative portions, and
means energized in accordance with said elec-
trical quantity comprising a serially-connected
capacitance and resistance for increasing the
magnitude of the portions of like sign of said
periodic electrical quantity.

10. In combination, a source of alternating
potential, a circuit arranged to be energized from
said source for producing a periodic potential
having positive portions of substantially shorter
duration than that of the negative portions, and
means energized in accordance with said periodic
potential comprising a serially-connected capaci-
tance and a nonlinear resistance for increasing
the magnitude of the negative portions of said
periodic potential.

11. In combination, an electric valve having a
control member, a source of alternating poten-
tial, an impedance element, an inductive device
having a unidirectional magnetizing element and
a winding connected in series relation with said
impedance element across said source, means
responsive to an electrical condition of said im-
pedance element for impressing on said control
member a periedic potential having positive por-
tions of substantially shorter duration than that
of the negative portions, and means responsive to
said periodic potential for increasing the mag-
nitude of portions of like sign of said periodic
potential.

12. In combination, a supply ecircuit, a load
circuit, electric translating apparatus intercon-
necting said circuits including electric valve
means having a control member and an excita-
tion circuit for impressing on said control mem-
ber a periodic potential having positive portions

5 of substantially rectangular wave form and neg-

ative portions of substantially greater duration
than said positive portions comprising a source
of alternating potential, a serially-connected im-
pedance element and an inductive device having
a core member, and means for establishing a
unidirectional flux in said core member, means
responsive to an electrical condition of said im-
pedance element and means energized in accord-
ance with said electrical condition of said im-
pedance element for increasing the magnitude

5

of the negative portions of said periodic poten-
tial,

13. In combination, a supply circuit, a load
circuit, electric translating apparatus intercon-
necting - said circuits including electric valve
means having a control membeér, and an excita-~
tion circuit comprising a source of alternating
potential, an impedance eiement, an inductive
device having a core member, means for estab-
lishing a unidirectional flux in said core mem-
ber and a winding inductively associated with
said core member and connected in series rela-
tion with said impedance element, means re-
sponsive to an electrical condition of said im-
pedance element for providing a periodic poten-
tial having positive portions of substantially
shorter duration than that of the negative por-
tions and means comprising a serially-connected
capacitance and a nonlinear resistance ener-
gized in accordance with said periodic potential
for increaging the magnitude of said negative
portions of said periodic potential.

14, In combination, a source of alternating
potential, and means energized from said scurce
for supplying a periodic electrical quantity hav-
ing positive portions of substantially shorter

duration than negative portions comprising in.

series relation, a capacitance, an impsdance ele-
ment and an inductive device having a unidi-
rectional magnetizing element.

15. In combination, an electric valve having
a control member, a source of alternating po-
tential, and an excitation circuit energized from
said source for impressing on said control mem-
ber a periodic potential comprising in series re-
lation, a capacitance, an impedance element and
an inductive device having a unidirectional mag-
netizing element.

16. In combination, an electric valve having
a control member, a source of alternating po-
tential, an excitation circuit comprising in series
relation a capacitance, an impedance element
and an inductive device comprising a core mem-
ber, a winding inductively associated with said
core member and means for establishing a uni-
directional flux in said core member, and means
responsive to an electrical condition of said im-
pedance element for impressing on said control
member a periodic potential.

17. In combination, a supply cireuit, a load
circuit, electric translating apparatus intercon-
necting said circuits including electric valve
means having a control member and an excita-
tion circuit for impressing on said control mem-
ber a periodic potential having positive portions
of substantially rectangular wave form and nega-
tive portions of substantially greater duration
than that of said positive portions comprising a
source of alternating potential, a capacitance, an
inductive device having a core member, a uni-
directional magnetizing winding for establishing
a unidirectional flux in said core member and a
winding inductively associated with said core
member, and an impedance clement connected
in series with said capacitance and said winding,
a source of direct current for energizing said
magnetizing winding of said inductive device,
and means responsive to a voltage appearing
across said impedance element connected to en-
ergize said control member.

18. In combination, a supply circuit, a load cir-
cuit, electric translating apparatus interconnect-
ing said circuits including electric valve means
having a control member and an excitation cir-
cuit for impressing on said control member a
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periodic potential comprising a source of alter-
nating potential, a serially-connected impedance
element and an inductive device connected to
said source, said device having a core member
and means for establishing a unidirectional flux
in said core member, means responsive to an
electrical condition of said impedance element
for energizing said control member, and means
for controlling the phase of said periodic po-
tential in accordance with an electrical condi-
tion of one of said first-mentioned circuits.

19. In combination, a supply circuit, a load
circuit, electric translating apparatus intercon-
necting said circuits including an electric valve
means having a control member, and an excita-
tion circuit for said control member comprising
means for supplying a periodic voltage having
positive portions of a duration substantially less
than 180 electrical degrees and means for pro-
ducing in said excitation circuit a periodic po-
tential of peaked wave form to provide a re-
sultant periodic potential of a wave form having
positive portions of substantially perpendicular
wave front.

20. In combination, a supply circuit, a load
circuit, electric translating apparatus intercon-
necting said circuits including an electric valve
means having a control member, and an excita-
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tion circuit comprising a source of alternating
potential, an impedance element and an induc-
tive device having a winding, said impedance ele-
ment and said winding being connected in series
relation across said source, means for introduc-
ing in said excitation circuit a periodic potential
of peaked wave form and means responsive to
an electrical condition of said impedance ele-
ment and responsive to said first-mentioned
means for impressing on said control member a
periodic potential having a wave form with posi-
tive portions of substantially perpendicular wave
front.

21. In combination, a supply circuit, a load
circuit, electric translating apparatus intercon-
necting said circuits including an electric valve
means having a control member, and an excita-
tion circuit for said control member comprising
means for supplying a periodic voltage having
positive portions of a duration substantially less
than 180 electrical degrees, means for producing
in said excitation circuit a periodic potential of
peaked wave form to provide a resultant periodic
potential of a wave form having positive portions
of substantially perpendicular wave front and
means for increasing the magnitude of the nega-
tive portions of said resultant periodic potential.
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