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My invention relates to electric valve convert-
ing apparatus and more particularly to an ar-
rangement for producing a variable frequency
alternating patential of a predetermined wave
form and means for cantrolling the same.

In order to illustrate my invention I will de-
scribe a suitable arrangement and method of
operation thereof for carrying it into effect in
an apparatus far the manufacture of granular
coated webs of such material as paper, cloth,
and the like, wherein the abrasive or granular
particles are deposited upon the web and ori-
entated by electrostatic means, the electrostatic
field being produced by an electric valve con-
verting apparatus. It is, of course, understood
that the scope of my invention is not limited to
the particular applicatioan described, but rather
is of general application wherever it is desired
to produce by means of an electric valve con-
verting apparatus a variable frequency alternat-
ing current wherein the frequency may vary
within a wide range as for example from one
to one hundred twenty cycles per second.

It has been found heretofore that better abra-
sive coated web can be produced by causing at
least some of the granular particles deposited
upan the web to become so orientated that the
long dimension of each grain projects from the
surface of the web. Satisfactory results have
been obtained by using electrostatic means for
projecting the above material upwardly and into
engagement with the adhesively coated side of
the web. In apparatus of this type the adhesively
coated web is supported with the adhesively coat-
ed side facing downwardly whereby the grains
when projected by the electrostatic means strike
this downwardly positioned side and adhere
thereto. The electrostatic means used in such
apparatus has included a high tension electrode
positioned above the coated web and a low ten-
sion electrode positioned beneath the coated side
with a carrier means such as a canvas belt so
positioned that the granular carrying side of
the conveyor is between the lower electrode and
the adhesively coated web. Although it has been
found that a constant potential supplied to the
load circuit will be satisfactory for some cases
it is desirable in connection with the depositing
and orientation of granular particles by electro-
static means to utilize an alternating potential
of suitable frequency and wave form in most
cases. The choice of frequency and wave form
depends on the size and kind of the granular
particles used. Sometimes it is desirable to
utilize a very low frequency almost approaching
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a direct current perhaps as low as onhe cycle per
second, while at other times it has been found
desirable to use a much higher frequency. ¥ur-
theremore the wave form should preferably be
flat-topped and the part of the cycle which
renders the upper electrode negative should, for
highest efficiency, be longer than the positive part
of the cycle. Electric valve converting apparatus
designed heretofore ordinarily comprises a trans-
former and it will be understood by those skilled
in the art that a transformer which will operate
with alternating currents having a frequency as
low as one cycle per second would be very mas-
sive and expensive and would not be satisfactory
for higher frequencies. Accordingiy, I have de-
signed an electric valve converting apparatus
for producing a variable frequency alternating
current output having a frequency as low as one
cycle per second wherein the desired wave form
may be obtained and I have dispensed with the
use of expensive transformers which must be
designed to operate at very low frequencies. Fur-
thermore by my invention I provide an arrange-
ment wherein without utilizing transformer
means the output voltage is many times greater
than the input voliage.

It is an object of my invention, therefore, to
provide & new and improved electric valve con-
verting apparatus.

It is another object of my invention to provide
a new and improved electric valve converting
apparatus for efficiently supplying a variable fre-
quency alternating current load.

It is a further object of my invention to pro-
vide a new and improved electric valve con-
verting apparatus for converting direct current
having a potential of a given order of magnitude
into an alternating current having potential
many times higher than the direct current po-
tential without the use of high voltage trans-
formers.

It is a still further object of my invention to
provide a new and improved electric valve con-
verting apparatus wherein control means are
provided to control the frequency within a wide
range of frequencies starting as low as one cycle
per second.

It is another object of my invention to pro-
vide a new and improved electric valve converting
apparatus for supplying the electrostatic energy
necessary in connection with the electrical dep-
osition of granular particles.

It is another object of my invention to pro-
vide a new and improved electric valve converting
apparatus for producing a flat-topped variable




2

frequency alternating current potential wherein
the positive portion of the cycle differs from the
negative portion.

In accordance with the illustrated embodiment
of my invention I provide an electric valve con-
verting apparatus wherein an alternating cur-
rent, by means of rectifying means, is converted
into a direct current energy which is stored in
a pair of capacitors. The potential of this direct
current is from three to twenty times lower than
the ultimate alternating potential to be supplied
to the load circuit. A neutral terminal is provid-
ed for the direct current circuit. A plurality of
electric discharge valves and inductances inter-
connect said storage capacitors with a variable
frequency alternating current load including
spaced electrodes. By means of suitable con-
trol apparatus a variable frequency alternating
current potential of flat-topped wave form may
be preduced, the frequency of which may vary
within a wide range as for example, from one
cycle per second to one hundred twenty cycles
per second and the magnitude of which is from
three to twenty times greater than the direct
current potential stored in the capacitors. Fur-
thermore, the positive and negative portions of
the alternating current potential may differ in
that the negative portion, for example, may be
considerably longer than the positive portion if

such characteristic is desired. ‘A photoelectric ¢

control means is provided for controliing the out-
put frequency. 'The apparatus is particularly
adapted for use in connection with the manu-
facture of granular coated webs where the gran-

ular particles are projected against the adhesive- :

ly coated surface of the web member by elec-
trostatic means.

My invention, beth as fo its organization and
method of operation, together with other and
further objects thereof will best be understood
by reference to the following description taken
in connection with the accompanying drawing,
and its scope will be pointed out in the appended
claims. In the accompanying drawing Fig. 1 dia-

grammatically illustrates an embodiment of my -

invention for use with an apparatus for deposit-
ing granular particles upon an adhesively coated
web by electrostatic means, Fig. 2 is another view
of a portion of Fig. 1, while Fig. 3 represents cer-
tain operating conditions of the apparatus illus-
trated in Fig. 1.

Referring now to Fig. 1 of the drawing, I have
jllustrated therein an electric valve -converting
apparatus for transmitting energy from a direct-

current circuit 1§ to a high voitage load circuit 3

1i. Since an alternating current source is more
often available than a direct current source I
have illustrated an arrangement for obtaining
the direct current of direct current circuit (0
from alfernating current circuit 12 through a
variable impedance 13, transformer 14 and a
pl_urality of electric discharge valves i5 and i§
operating as rectifiers. The variable impedance
13 may be any of the variable impedance means
known to those skilled in the art. By way of
example I have illustrated variable impedance
means {3 as comprising a reactor the impedance
of which is variable by saturation. Accordingly,
I have illustrated impedance means {3 as com-
prising a pair of series connected reversely wound
impedance coils 17 and i7¢ and a saturating ccil
18. Saturating coil 18 is supplied with direct
current from a suitable source {9 through vari-
able resistance means 29 for controlling the im-
pedance of impedance means {3 and hence con-
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trolling the voltage applied to transformer 14,
The primary winding 1 of transformer {4 is con-
nected in series with impedance means {3 and al-
ternating current source 12, while the secondary
winding 22 is connected in series with rectifiers
15 and 16 and storage capacitors 23 and 24. One
half cycle of the alternating potential is recti-
fied by the electric discharge valve {5 while the
other half cycle is rectified by electric discharge
valve 16, and after a few cycles a steady state
direct current potential appears across storage
capacitors 23 and 24 thus providing a suitable
source of direct current energy for direct cur-
rent circuit 16, the voltage of which may be suit-
ably controlled by the variable impedance means
{3. A neutral terminal 25 is provided in connec-
tion with the direct current circuit {8 which may
be suitably grounded as shown. The provision
of this neutral terminal affords an advantage in

y that direct current power may be supplied dur-

ing both cycles of the alternating current load
circuit 11. Each terminal of direct current cir-
cuit 10 is connected to one of the electrodes of
one of the electric discharge devices 26 and 27.
I have illustrated the terminal of direct current
circuit 10 associated with capacitor 22 as con-
nected with the anode 28 of electric discharge
valve 26 while the other terminal of the direct
current circuit associated with capacitor 24 is
connected with the cathode 29 of electric dis-
charge valve 27. Electric discharge valve 26 is
also provided with a cathode 2§ and a control
electrode 30 and electric discharge valve 2T is
provided with an anode 28 and a control elec-
trode 38. Inductances 3 and 32 are connected
in series with electric discharge valves 23 and
27, respectively. The load circuit il comprises
a pair of spaced electrodes 33 and 34. Electrede
83 is connected with inductances 31 and 32 by
means of lead 35 while electrode 34 is connected
to ground through lead 36. I have illustrated
my electric valve converting apparatus as ap-
plicable for coating webs of such material as
paper, cloth or the like, with granular parti-
cles. Accordingly, I have illustrated a moving
belt 37 carrying granular particles 38 and ar-
ranged to pass over the grounded lower metal
electrode. Above this belt and moving in the
same direction I have illustrated adhesively coat-
ed paper or cloth 233, the sticky side of which
is downward. Both the belt 37 and adhesively
coated web 39 are mounted between electrodes
23 and 34. TUpper electrode 33 is covered with
an insulating surface 40 shown in cross sec-
tion made of some poorly conducting material
with a high dielectric constant, the conductivity
and dielectric capacity of which should ke such
that corona may be formed between electrodes
33 and 34 but yet that direct break-down is
prevented. Although I have illustrated electrode
33 as comprising a plate member the bottom and
edge surfaces of which are covered with insulat-
ing material 40, it will be understood that this
electrode may consist of metal bars or other con-
ducting material suitably embedded in an insu-
lating medium.

Any suitable control means well known to those
skilled in the art may be used to control the
conductivity of electric discharge valves 26 and
21 by impressing suitable control potentials on
conntrol electrodes or grids 30 thereof. One well
known means for accomplishing this result is the
mechanical commutator. However, in Fig. 1 I
have illustrated a photoelectric control circuit for
The con-
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trol circuit for electric discharge valve 26 is iden-
tical with that of electric discharge valve 27 and
hence only the former will be described, the cor-
responding elements of the latter being desig-
nated by the same numerals marked with a
prime. A supply potential for the control cir-
cuit may be obtained from any suitable source
of alternating current and in Fig. 1 I have illus-
trated the control potential as being obtained
from alternating current circuit 12 threugh
transformer 41 which has its primary winding
42 connected across the alternating current eir-
cuit 12. The secondary winding 43 of trans-
former 4| is connected in series with the primary
winding of rectifier transformer 44, the second-
ary winding of which is connected, respectively,
to the anodes 45 of electric discharge valves 4§
and 47 arranged to operate as a biphase rectifier.
Each of these electric discharge valves 48 and 41

is provided with a cathode 48 which is connected ¢

to the positive terminal 49 of potentiometer 58.
The midpoint 51 of the secondary winding of rec-
tifier transformer 44 is connected to the nega-
tive terminal 52 of potentiometer 50. A suitable

smoothing capacitor 53 is connected across the ¢

direct current output of the biphase rectifier
which includes electric discharge valves 46 and
41. An amplifying circuit 54 is connected across
terminals 49 and 52 of the potentiometer 50 and
comprises a photoelectric cell §5, a high vacuum
amplifier tube 56 and a self biasing circuit in-
cluding resistor 51, resistor 58 and by-pass ca-
pacitor 59. Amplifier tube 56 comprises an an-
ode 60, a cathode 61 and a grid or control elec-
trode 62. The grid or control electrode 62 is
connected to the cathode of photoelectric cell §5
while the anodes of amplifier tube 56 and pho-
toelectric cell 55 are both connected to the posi-
tive terminal 49 of potentiometer 58. The cath-
ode 681 of amplifier tube 58 is connected through
resistor 57 to the negative terminal 52 of the
potentiometer 59. The cathode of the photoelec-
tric cell 55 is connected through resistor 63 and
resistor 58 to the negative terminal 52 of poten-
tiometer 50. By-pass condenser 58 iy provided
so that the self biasing circuit will not cause de-
amplification of amplifier circuit 54 and its pur-
pose will be explained in greater detail in con-
nection with the operation of the apparatus.
Potentiometer 50 is also provided with terminals
64 and 65. A four-element high vacuum control
valve 86 has its anode 87 connected to terminal
48 of the potentiometer 58 through resistor 68,
while its cathode 69 is connected to terminal 65
of potentiometer 50. The screen grid 10 of valve
66 is connected to terminal 64 of potentiometer
50. Grid or control electrode Tl of control valve
66 is connected by means of lead 12 to the cath-
ode of amplifier tube §6. The anode 6T of con-
trol valve 66 is connected by means of lead 13
to the cathode of electric discharge valve 26 while
the control electrode 30 of electric discharge valve
26 is connected to terminal 64 of potentiometer
50. A smoothing capacitor 14 is connected across
the grid to cathode circuit of electric discharge
valve 26,

In order to supply beams of light to energize
photoelectric cells §5 and 65%’, I have provided
a pair of light sources 15 and 76 which may com-
prise any suitable forms known in the art. These
light sources 15 and 76 have been illustrated as
incandescent lamps supplied with alternating
current from the secondary winding 43 of trans-
former 41 although it will be understood by those
skilled in the art that any suitable source of
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electrical energy will serve equally well. A var-
iable speed alternating current motor 17 is driv-
ingly connected to a disk 18 mounted on a suit-
able shaft so as to rotate between sources of light
15 and 16 and photoelectric cells 55 and 55'. A
suitable opening 19 cut into the periphery of disk
18 allows a beam of light from source 75 to peri-
odically fall upon photoelectric cell 55 and cor-
respondingly allows a beam of light from source
16 to periodically fall upon photoelectric cell 8§8°.
The frequency of the alternating potential sup-
plied to load circuit {1 will be identical with the
revolutions per second of rotating disk 18 in the
arrangement illustrated in Figs. 1 and 2 where
only a single opening 19 is provided in disk 78.
It will be understood, however, that more open-
ings or slots may be provided, for example, two
slots displaced by 180 degrees in which case var-
iable speed motor 11 will make only half as
many revolutions per second as the frequency of
load circiut (1. In Fig. 2 the two sources of
light 15 and 16 are illustrated as being mounted
approximately 120 degrees from one another.
However, it will be understood that the angular
position « of these light sources relative to one
another may be controlled so as to control the
lengtin of the positive and negtaive portions of
the alternating potential of load circuit 11. For
example, if light source 76 were moved to the
dotted position 16a in Fig. 2 so as to be displaced
180 degrees from light source 15, it will be under-
stood that the positive and negative portions of
the alternating potential of load circuit i would
then be equal.

The operation of the apparatus iliustrated in
Fig. 1 may best be understcod by reference to
Fig. 3 representing certain operating character-
istics of the electric valve converting apparatis
illustrated in Figs. 1 and 2 wherein curve A il-
lustrates the steady state alternating potential
of load circuit 11 for one operating condition
while curve B illustrates the corresponding
steady state current flowing in lcad circuit i¢f.
Curve C shown dotted in Fig. 3 represents the
alternating potential of load circuit [{ under
starting conditions for the same operating con-
dition while dotted curve D represents the cor-
responding alternating current of load circuit 14
before the steady state condition represented by
curve B obtains. Alfernating potential from
source 12 is rectified by rectifiers % and 1§ and
after a few cycles a steady state direct currsnt
potential appears across storage capacitors 23
and 24 thus furnishing a source of direct cur-
rent energy for direct current circuit 13. Upon
the application of an impulse of control! poten-
tial upon control electrode 33 of electric dis-
charge valve 26 positive with respect to cathode
29, a half wave discharge is initiated in electric
discharge valve 26 which allows current to build
up in the inductance coil 3{. This current
reaches a maximum value and then dscreases
again transferring all the energy of coil 3¢ to
the load circuit {1, and impresses a high posi-
tive potential very nearly twice the potential of
capacitor 23 upon electrode 33. When electrods
33 has reached its maximum voltage the cur-
rent tends to reverse in coil 34 but is kept from
doing so by the valve action of the electric dis-
charge valve 5. Electrode 33 is therefore lafi
positively charged and has obtained its enersy
indirectly from direct current circuit 19, its po-
tential being very nearly twice that of capacitor
23. This charge is retained by electrode 23 for
an interval of time depending entirely upon the
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orid control applied to electric discharge valve
271. The positive potential of electrode 33 is
represented by the positive portion x of curve
C angd the current flowing through electric dis-
charge valve 26 is represented by portion « of
curve D. When a positive potential is applied
to control electrode 38 of electric discharge
valve 27 relative to its cathode 29, electric dis-
charge valve 2T becomes ccnductive and the
positive potential of electrode 33 is transferred
to inductance coil 32 and a current illustrated
by portion b of curve D, Fig. 3, flows through in-
ductance 32 and electric discharge valve 27. At
the end of the conducting cycle electrode 38 is
charged with a high negative pofential which is,
except for losses, four times the potential of
capacitor 23. This high negative potential is
obtained from the direct current electrical en-
ergy stored in capacitor 24 and in addition from
that previously stored in the capacitance of load
circuit 1. The negative potential of load cir-
cuit i1 is represented by porticn v of curve C.
This process of alternately rendering eleciriz
discharge valves 26 and 27 conductive may be
kept up with arbitrary intervals between firing
provided these intervals are longer than the
duration of the individual discharges. The en-
ergy stored in the dielectric capacity of load
circuit Il comprising spaced electrodes 33 and
34 increases every time the polarity of the po-
tential across the electrodes is reversed and a
high voltage at which the losses equal the input
power may be reached in a few reversals so that
the steady state alternating potential of curve
A, from three to twenty times the potential of
direct current circuit 19, and the steady stzaie
current conditions of curve B are soon obtained.
This build up of voltage phenomena without the
conventional transformer means is due to the
series oscillating eircuit involving an inductance
and capacitance. Inductance coils 31 and 32 in
addition to cooperating with the capacitance of
load circuit {1 to produce the high veltage pre-
vent a direct short circuit of the direct current
source I8 in case of failure of one of the dis-
charge valves 26 or 21. By means of the elec-
tric valve converting apparatus illustrated in
Pig. 1 it is possible to produce an alternating po-
tential on load circuit 11 of flat-topped wave
form with unequal positive and negative por-
tions as illustrated by curve A in Fig. 2. The
portion of the alternating potential which ren-
ders electrode 33 negative is preferably longer
in order to obtain high efficiency of the appara-
tus. This discharge interval T illustrated in
connection with curve B of Fig. 2 is determined
by the inductance of coils 3! and 32 and the ca-
pacitance of electrodes 33 and 34 of load circuit
{1 and is represented by the formula T=rVILC
where I: is the inductance of coil 31 or 32 and C
is the capacitance between electrodes 33 and 28
of load circuit tf. In the above formula for
the period T the effect of condensers 23 and 24
has been neglected since in practice the capacity
of these condensers is usually quite large com-
pared to the capacity of the electrodes of the
load circuit and their effect on the time con-
stant of the oscillating circuit is therefore very
small, If the capagcity of the electrodes 23 and
32 of the load circuit is so small that the energy
loss in the work circuit tends to decrease the
potential of these electrodes during one-half cy-
cle of the alternating potential appearing across
the electrodes, it is of course possible to increase
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the energy storage of the load circuit by con-
necting an additional capacitor in parallel with
the electrodes. 'The length of the positive por-
tion &1 of the alternating potential of load cir-
cuit 1f illustrated by curve A in Fig. 2 and the
length of the negative portion {2 are determined
by the control potentials provided for control
electrodes 30 of electric discharge valves 28 and
21, The operation of the control circuits of
electric discharge valves 26 and 21 will be briefly
described. As is well understood by those
skilled in the art, the biphase rectifier compris-
ing electric discharge valves 46 and 47 provides
a direct current potential across potentiometer
50 with terminal 49 being the positive terminal
and terminal 52 the negative terminal. When
no light is shining against photoelectric cell 85
no current is carried thereby and a small cur-
rent flows through amplifier tube 58 and pro-
duces a self bias because of the potential drop
in resistor §1. This bias is maintained during
variations of light of less than one-half second
duration because of filter capacitor 58 and re-
sistor 58. When amplifier tube 53 carrics a very
small current, a high negative bias derived from
the potentiometer terminals 52 and 65 is im-
pressed upon control electrode 71 of control
valve 66 thus completely shutting off any current
flowing through control valve €6 and hence no
current flows through resistor §8 so a high nega-
tive bias derived from the potentiometer ter-
minals 49 and 64 is impressed across the grid to
cathode circuit of electric discharge valve 28.
If, however, a beam of light as from scurce 1%
is suddenly (that is, during an interval of lass
than a half second) received by the photoelec-
tric cell 55 this photoelectric cell will become
conductive, carrying current which will produce
a potential drop in resistor 63 and furthermore
decreases the bias on control electrode 62 of
amplifier tube 56 which immediately begins to
conduct more current causing a much higher po-
tential drop in resistor 51 and correspondingly
removing the bias from control electrode 74 of
control valve 66 which is thereby rendered con-
ductive. Since control valve 68§ becomes con-
ductive the grid potential of control electrode 30
of electric discharge valve 26 becomes positive
and electric valve 26 correspondingly becomes
conductive. If the beam of light impressed up-
on photoelectric cell 55 lasts longer than one
second amplifier tube 56 tends to bias ifself to
the new steady state condition and the amplifi-
cation of circuit 54 drops and may drop enocugh
to stop the flow of grid current in electric dis-
charge valve 26. This self biasing feature of
amplifier circuit 54 eliminates the interference
caused by steady rcom light. The grid circuit
of electric discharge valve 27 is identical with
that just described for eleciric discharge valve
26 and renders electric discharge valve 21 con-
ductive whenever & beam of light is suddenly
directed upon photoelectric cell 55’. As indi-
cated in Pigs. 1 and 2, only a single opening 19
is provided in disk 78 so that the frequency of
the alternating potential of load circuit (! is de-
termined by the revolutions per second of driv-
ing motor 11. The angular separation o of light
sources 18 and 16 corresponds directly to the
time intervals 1 and Z2 shown in Fig. 3 and this
angle in degrees equals

31
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deerees, the mechanical and electrical degrees
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in this case being equal. By means of the
formula explained abeove any desired ratio of &1
to 3 may be obtained by adjusting the angular
positions of light sources 15 and 76.

‘While I have shown and described my inven-
tion in connection with certain specific embodi-
ments, it will, of course, be understood that I
do not wish to be limited thereto, since it is ap-
parent that the principles herein disclosed are
susceptible of numerous other applications, and
modifications may be made in the circuit
rangement and in the instrumentalities em-
ployed without departing from the spirit and
scope of my invention as set forth in the ap-
pended claims.

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

1. In an electric valve converting apparatus, a
direct current source, a load circuit comprising a
pair of electrodes mounted in spaced relation-
ship, and means for producing an alternating
potential across the electrodes of said load cir-
cuit of a much greater magnitude than the po-
tential of said direet current circuit, including a
serially connected inductance and electric dis-
charge valve cooperating with the electrodes of
sald load circuit for controlling the transfer of
energy between said source and said load circuit.

2. In an electric valve converting apparatus,
a direct current source, a load circuit compris-
ing a pair of spaced electrodes, a plurality of
electric discharge valves and inductances inter-
connecting said source and said load circuit,
said inductances and discharge valves cooper-
ating with the capacitance of said load circut
for producing a high voltage alternating poten-
tial across said load circuit, and means for con-
trolling the conductivities of said electric dis-
charge valves to determine the frequency and
wave form of said alternating potential.

3. In an electric valve converting apparatus, a
direct current circuit having a neutral terminal,
a load circuit comprising a pair of electrodes
mounted in spaced relationship, means includ-
ing an electric discharge valve and an induct-
anece connected in series relationship with a ter-
minal of said direct current circuit and a ter-
minal of said load circuit cooperating with the
capacitance of said load circuit to produce a high
voltage alternating potential across the elec-
trodes of said load circuit from three to twenty
times the potential of said direct current souree.

4. In an electric valve converting apparatus.
a direct current circuit having a plurality of
terminals including a neutral terminal, a load
circuit comprising a pair of electrodes mounted
in spaced relation, an electric discharge valve
and an inductance connected in series with
each of a plurality of the terminals of said di-
rect current circuit and one electrode of said
load circuit, and means for controlling the con-
ductivity of said electric discharge valves so as
to produce an alternating potential of predeter-
mined frequency in said load circuit.

5. In an eleetric valve converting apparatus,
load circuit comprising a pair of spaced elec-
trodes, a direct current source, means for trans-
mitting energy from said direct current source
to said load circuit to produce an alternating
current potential across the electrodes of said
load-circuit inrcluding an electric discharge valva
interconnecting each terminal of said source and
one electrode of said load circuit and indictance
means connected in series with each of said
electric discharge valves for limiting the current
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in said electric discharge valves, and means for
controlling the conductivity of said electric dis-
charge valves to determine the frequency of the
alternating potential of said load circuit.

6. In an electric valve converting apparatus, a
load circuit comprising a pair of spaced elec-
trodes, a direct current source, means for trans-
mitting energy from said direct ctirrent source to
said load circuit to produce an alternating cur-
rent, potential across the electrodes of said load
circuit including electric valves and inductance
means connected in series therewith and cocper-
ating with the capacitance of said lead circuit to
produce an alternating petential in said lcad cir-
cuit from three to twenty times the magnitude of
the potential of said direct current source, and
means for ccnirclling the conductivity of said
electric discharge valves to determine the fre-
quency of the alternating potential of said load
circuit.

7. In an electric valve converting apparatus for
producing a flat-topped alternating potential,
a direct current supply circuit having a neutral
terminal, a load circuit comprising a pair of elec-
trodes mounted in spaced relationship with one
another, a plurality of electric discharge valves
and inductances connected in series therewith
and interconnecting said supply and load cir-
cuits, and means for controlling the conductivity
of said valves for determining the frequency of
the alternating potential of said load circuit.

8. In an electric valve converting apparatus,
an alternating current scurce, rectifier means for
converting said alternating current to direct cur-
rent, energy storage means including a capaci-
tor for storing said direct current electrical en-
ergy, a load circuit comprising a pluraliiy of
electrodes mounted in spaced relationship with
one another, and electric valve means intercon-
necting said capacitor and said load circuit for
successively transferring current therebetween
in opposite directions to periodically reverse the
charge on said electrodes, and means for con-
trolling the conductivity of said electric valve
means to determine the frequency of the alter-
nating potential appearing across the electrodes
of said load circuit.

9. In an electric valve converting apparatus, an
alternating current source, rectifier means for
converting said alternating current to direct cur-
rent, energy storage means including a pair of
capacitors provided with a neutral terminal for
storing said direct current electrical energy, a
load circuit comprising a plurality of electrodes
mounted in spaced relationship with one an: ther,
and electric valve means and inductance mesns
interconnecting said stecrage capacitors and said
load circuit for producing an alternating poten-
tial of flat-topped wave form across the elec-
trodes of said lead circuit, and means for con-
trolling the conductivity of said valve means to
determine the frequency of the alternating po-
tential of said load circuit,

10. In an electric valve converting apparatus,
a load circuit comprising a pair of spaced elec-
trodes, a direct current source including a stor-
age capacitor, inductive meang interconnecting
said source and said load circuit and cooperating
with the capacitance of said lcad circuit to form
an oscillating circuit, a plurality of electric gis-
charge valves for controlling the flow of current
in said oscillating circuit, and means including a
photoelectric cell for conirolling the conductiv-
ity of said electric discharge valves to determine
the frequency of the alternating poteniial of said
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load circuit independently of the natural fre-
quency of said oscillating circuit.

11, In an electric valve converting apparatus,
3 load circuit comprising a pair of spaced elec-
trodes, a direct current source including a stor-
age capacitor, a plurality of electric discharge
valves and inductive means interconnecting said
source and said load circuit, means for controiling
the potential of said direct current source, and
means including a photoelectric cell for control-
ling the conductivity of said electric discharge
valves to determine the frequency and wave form
of the alternating potential of said load circuit.

12, In an electric valve converting apparatus,
a load circuit comprising a pair of spaced elec-
trodes, a direct current source including a plu-
rality of charged capacitors having a neutral
terminal, a plurality of electric discharge valves
and inductive means interconnecting said source
and said load circuit, means for controlling
the potential of said direct current source, and
means including a photoelectric cell for control-
ling the conductivity of said electric discharge
valves to determine the frequency of the alter-
nating potential of said load circuit.

13, An electric valve converting apparatus com-
prising a supply circuit and an alternating po-
tential load circuit interconnected by a plurality
of electric discharge valves, means for controlling
the conductivity of said electric discharge valves
to determine the frequency of the alternating
potential of said load circuit, said last men-
tioned means comprising a photoelectric cell for
controlling the conductivity of each of said dis-

charge valves, a source of light, and meanhs in- &

cluding a slotted rotating disk for determining
the frequency with which a beam from said source
of light may be prejected against said photoelec-
tric cell. ,

14, In an electric valve converting apparatus,
a load circuit including a pair of electrodes
mounted in spaced relationship with one another,
8, supply circuit, electric valve means for infer-
connecting said circuits and for transmitting
energy therebetween, means for rendering said
valve means conductive successively at unequal
intervals to produce an alternating potential hav~
ing & flat-topped wave form across the electrodes
of said load circuit in which the positive and neg-

ative portions of the cycle of said alternating po-

tential are of different duration.

15. An electric valve converting apparatus
comprising a supply circuit and an alternating
potential lcad circuit interconnected by a plural-
ity of electric discharge valves, means for con-
trolling the conductivity of said electric dis-
charge valves to determine the frequency and
wave form of the alternating potential of said
load circuit, said last mentioned means compris-
ing a photoelectric cell for controlling the con-
ductivity of each of said electric discharge valves,
a source of light for each photoelectric cell,
meang including a slotted disk rotating at vari-
able frequency for determining the frequency
with which a beam from said light sources may
be projected against said photoelectric cells, the
angular position of said sources of light relative
to one another determining the wave shape of
the alternating potential of said load circuit,

16. In an electric valve converting apparatus,
a load circuit including a pair of electrodes
mounted in spaced relationship with one an-
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other, a supply circuit, electric valve means in-
terconnecting said circuits for {ransmitting an
alternating potential of variable frequency to
said load circuit, means including a plurality of
photoelectric cells for controlling the conduc-
tivity of said electric valve means, and means for
determining the variable frequency of the alter-
nating potential of said load circuit including
means for periodically effecting the cperation of
said photoelectric cells, said periodicity deter-
mining the frequency of said alternating po-
tential.

17. In an electric valve converting apparatus,
a load circuit including a pair of electrodes
mounted in spaced relationship with an another,
a supply circuit, electric valve means intercon-
necting said circuits for transmitting an alter-
nating potential of variable frequency to said
load circuit, means including a plurality of pho-
toelectric cells for controlling the conductivity
of said electric valve means and means for de-
termining the variable frequency of the alter-
nating potential of said load cireuit including
meang for periodically effecting the operation of
said photoelectric cells, said last mentioned
means being controllable to control the wave
shape of the alternating potential of said load
circuit.

18. In an electric valve converting apparatus,
an alternating potential load circuit including a
pair of electrodes mounted in spaced relation-
ship with one another, a supply circuit, electric
valve means interconnecting said circuits for
transmitting energy therebetween, a plurality of
auxiliary electric valves and photoelectric cells
for controlling the conductivity of said electric
valve means, a plurality of sources of light for
effecting the operation of said photoelectric cells
and means for controlling the periodicity with
which said light sources effect said photoelectric
cells to determine the frequency and the wave
form of said alternating potential of said load
circuit.

19, In combination, a source of potential, a
load circuit including a pair of spaced electrodes
having capacitance, inductance means connected
in series with said load circuit and cooperating
therewith to form an oscillating circuit, and con-
trolled electric valve means connected in series
with said oscillating circuit for controlling the
time of reversal of current in said oscillating cir-
cuit independently of the natural frequency of
said oscillating circuit to control the frequency
and wave form of the potential appearing across
said electrodes.

20. In combination, a source of potential, a
load circuit including a pair of spaced electrodes
having capacitance, inductance means connected
in series with said load circuit and cooperating
therewith to form an oscillatory cireuit, reversely
connected electric discharge valves interconnect-
ing said source of potential and said oscillatory
circuit, one of said valves conducting current in
a direction to charge said electrcdes in one sense
and the other of said valves conducting current
in a direction to charge said electrodes in the
opposite sense, and means for controlling the
conductivity of said valves to determine the pe-
riods during which said electrodes are charged
in each sense,

WILLEM F. WESTENDORP.,




CERTIFICATE OF CORRECTION. : , !
Patent No. 2,243,591, May 27, 1941.
: WILLEM F. WESTENDORP.

It Is hereby certified that error appears in the printed specification
of the above numbered patent requiring correction as follows: Page 1, sec-
ond column, lines 3 and L, for "Purtheremore" read ~-Furthermore--; page 2,
second column, line 15, strike out "the" before "variable";pageB, second
column, line 21, for "circiuﬂ'read——circuit—-;lineZ?,for"negtaive"read
--negative--; pageh,firstcolumn,lineSS,for "Thiyfread-—The-—;pages,
first column, line 66, claim 5, before "logdh insert --a--; page 4, second
column, line 15, claim 17, for "an" befors "another" read --one--; and that
the said Letters Patent should be read with this correction therein that the
Seme may conform to the record of the case In the Patent Office,

Signed and sealed thig 15th day of July, A. Dn. 1941,

Henry Van Arsdale,
(Seal) Acting Commissioner of Patents.



: CERTIFICATE OF CORRECTION,
Patent No. 2,243,591, : May 27, 19la.
: WILLEM F. WESTENDORP. '

It is hereby certified that error appears in the printed specificatiop
of the above numbered patent requiring correction ag follows: Page 1, sec-
ond column, lines 3 and L, for "Purtheremore" read ;-Furthe:r'more——; page 2,
second column, line 15, strike out "the™ before "variable"; rage 3, second
column, line 21, for "ecirciut" read --cirecult~--;line 27, for "negtalve" read
~-negative--; pagell, first column, 1ine 55, for "This" read --The--; page 5,
first column, line 66, claim 5, before "logd™ Insert --a--; page 6, second
column, line 15, claim 17, for "an" before "another" read --one--; and that
the said Letters Patent should be read with thig correction therein that the
Seme may conform to the record of the case in the Patent Office,

Signed and sealed thig 15th day of July, A. p. 1941.

Henry van Arsdale,
(Seal) Acting Commissioner of Patents,



