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This invention relates to methods of and appa-
ratus for electrostatically generating direct cur-
rent power, and especially at high voltages, in

© usefully large amounts and under conditions as-
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suring practical efficlency and reliability.

It has been recognized that technical and eco-
nomie problems involved In the transmission of
substantisl amounts of electric power under high
voltages might be lessened by the use of direct
current. Certaln of these advantages have been
pointed out In. Patent No. 2,024,957, granted
December 17, 1935. The technical and economic
dificulty of producing high voitage direct current
power, however, has heretofore prevented any
wide use of direct current power for these pur-
poses.

The present invention has for its object, among
other things, the eMclent electrostatic genera-
tion and the transmission to & load circuit of use-
ful amounts of power through methods, which
it is believed provided for the first time & practical
source of electrostatically generated direct cur-
rent power. ’

Another object of the invention is to avall of
the advantages of superior insulating medla, such
as carbon tetrachloride in gaseous state, or other
compounds of like insulating properties, or gases
at high pressure, or on the other hand highly
rarefled media such as & high vacuum character-
ized by a pressure, for example, of the order of
10-% millimeters of mercury, and to produce a
novel type of electrostatic generator so construct-
ed as to best avail of these high voltage vacuum
insulating media and possessing the qualifica-
tions of efficlency and reliability as well as high
power capacity per unlt, size or welght for use
under practical conditions in the generation and
transmission of high voltage direct current power.
In the present application the electrostatic gener-
ator, for illustrative purposes, is shown as ar-
ranged for operation {n a high vacuum.

These and other objects of the invention will
be best understood by reference to the follow-
ing description when taken In connection with
the accompanying illustration of one specific em-~
bodiment thereof, while its scope will be more
particularly pointed out in the appended claims.

In the drawings:

Fig. 1 is an elevation in partial cross-section
of one form of apparatus adapted electrostatically
to generate high voltage power and dellver it in
the form of unidirectional current to a line;

Pig. 3 is a transverse, sectional pian on the line
22 In FIg. 1;

Fg. 3 is a view showing diagrammatically the

(CL 171—329)

apparatus of Fig. 1 and its electrical connections
and illustrative of its mode of operation;

Pig. 4 is & view illustrating diagrammatically
the sectionalized grrangement of the generator
for producing a& substantially steady fiow of uni-
directional current;

Pigs. 5 and 6 are fragmentary views i{llustrat-
ing in section and elevation, respectively, the
relative arrangement of the stator and rotor
parts in the case of the llustrative sectionalized
arrangement; and

Fig. 7 i{s a view more or less diagrammatic
showing the generator and load insulated fn the
same insulating medium.

Referring to the drawings and to the embodi-
ment of the invention there shown Ior illustrative
purposes, the generating, and preferably the de-
vices for transferring charges to the line, are
mounted inside a container |I, providing a
hermetically sealed chamber, evacuated and
maintained evacuated to s degree where the
insulation of extremely high voltages with short
electrode separations is possible. High vacuum
may be maintained within the chamber by means
of an efficient, high speed, high vaciium pump
indicated diagrammatically at 13. The walls of

the container, for practical réasoms, are prefer-

ably metallic, and sre grounded to avold hazard.

The means for electrostatically inducing the
required charges comprise reiatively rotatable
charge inducing and charge recelving elements
contained within the evacuated chamber. Either
the charge inducing or charge recelving element
might be rotatable and the other stationary, or
both might be rotated, but herein, to avold me-
chanical stresses, secure a simplified and efficient
mechanical arrangement and to eliminate some
electrical problems in maintaining electrical con-
tact between relatively movable parts, the charge
receiving element is in the form of a stator 15,
while the charge inducing element is in the form
of a rotor T,

Referring to the rotor, the latter comprises one
or more (herein ten) multipolar members con-
sisting each of sector shaped poles or plates 9
of conductive metal, each member comprising a
number (herein sixteen) of poles lying in the
same plane in equally spaced radial relation and
having a common (and hereln vertical) axis of
rotation. The poles of each member are mount-
ed on and in conductive relatfon to, or (s indi-
cated in the drawings) may be formed integrally
with, a common metallic rotatable hub member
21, which in turn i3 connected tc be driven by a
driving shaft 23 from sany suitable source of
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2
external power, such as a jurbine motor Mot
shown}. In the construction shown in Figs. 1
and 2, poles of adjoining members are angularly
aligned with each other lengthwise the axis of
the rotor.

The driving shaft 23 drives the hub 21 through
an insulating member 25 within the chamber,
such member being rigidly connected to both the
shaft and the hub. The shaft, mounted in a bgll
thrust bearing in the bottom walls of the cham-
ber protrudes through and beyond the walls
thereof.

A vacuum seal indicated at 27, and which may
he of the nature described in prior Patent No.
2,064,703, is employed for sealing the joint be-
tween the protruding end of the shaft and the
walls of the container against impairment of the
high vacuum maintained within the chamber.
The opposite end of the hub is mounted in ball
bearings carried by an Insulating member 29
supported on the stator shell, hereinafter re-
ferred to. The rotor, accordingly, comprises a
unitary muitipolar structure entirely of con-
ductive metal insulated from its surroundings,
and each pole of the several members consti-
tutes a charge inducing element.

In the operation of the machine, the rotor is
permanently and continuously connected to an
independent source of high potential of constant
polarity, preferably but not necessarily outside
the chamber, for the purpose of inducing
charges on the stator. This independent source
of high potential serves merely the function of
inducing electric charges on the stator, and
only a small amount of electric energy required
to maintain this potential is needed for this
function. Such potential source (indicated dia-
grammatically at 31) preferably comprises elec-
tro-meagentic means and may, for example, con-
sist of a transtormer connected to a source of
alternating current and having one terminal on
its high potential winding connected through a
rectifier to the rotor and the other terminal to
ground. The source of inducing potential
should preferably have 8 high electrical capacl-
tance relative to the rotor-stator capacitance in
order to minimize current fluctuations. The po-
tential source 31 has connection to the rotor
through a conductor 33 passing through an in-
sulating bushing 35 supported on the walls of
the container into the chamber and having at
tts end a brush 37, or other suitable contact de-
vice, for making continuous contact with the ex-
posed end of the rotary hud 2.

Referring to the stator {5, the latter com-
prises a stationary cylindrical metallic shell 39
surrounding but spaced from the periphery of
the rotor and having jongttudinally spaced mem-
bers (herein eleven in number} of metallic sec-
tor shaped poles 4! projecting inwardly from the
shell in very closely spaced and interleaving re-
lation to and on opposite sides of the rotor poles
{8. The poles of the stator memters conform
substantially to the spacing, area and shape of
the rotor poles and terminate short of the pe-
riphery of the hub 2i.

The stator structure, the poles and shell of
which also comprise a unitary multipolar struc-
ture of conductive metal, is insulated from the
walls of the chamber of the contalner, being
supported by the bottom wall thereof through a
suitable number of insulators, one of which is
shown at #2 In the section in Fig. 1. These and
other insulators employed within the evacuated
chamber preferably embody the principles of the
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insulators’ for the support of high voltage elec-
trodes invacuum set forth in Patent No.2,082,474.

It will be seen that the stationary members
and the closely adjacent but spaced members of
the rotor constituie multipolar means for vary-
ing the capacitance of the rotor-stator struc-
ture from a maximum capacitance, when rota-
tion has brought the rotor poles into & position
where they align with the stator poles, to a
minimum capacitance, when rotaticn has
brought the rotor poles into a position where
they align with the spaces between adjoining
stator poles. The potential of constant polarity
continuously applied to the unitary muitipolar
structure of the roior results in the Induction of
electrical charges on the stator.

Means are herein provided fer causing the
charge thus induced to be transferred to a load
circuit in the form of a unidirectional current
under the influence of low potential differences
While this might be accomplished by other
means, such as commutating devices, herein, to
avoid difficulties of synchronizing such devices
and their adjustment to meet changing load con-
ditions, and further to avoid mechanical diffi-
culties, there are employed electronic rectifiers
or valves 43 and 45. To simplify the construc-
tion of rectiflers and avoid the necessity of indi-
vidual evacuated glass or other envelopes, these
rectifiers are also contained within the evacu-
ated chamber itself, With Insulating media
other than vacuum, these electronic devices
would obviously retain their evacuated enve-
lopes.

In the form of the invention shown in Fig. 1,
the rectifier 43 comprises a metallic cup 47 in
permanent electrical connection to, and herein
supported on, the shell 39 of the stator. Within
but spaced from the surrounding walls of the
cup Is a fllament 4%, the terminals of which
pass through the insulating bushing 8! to the
exterior of the chamber. They are there in-
cluded in a circuit 33 having any suitable source
of filament excitation, which, for Nlustration, Is
indicated as a battery 88, the circult having a
ground connection 3T which may be regarded as
the low potential side of the load circuit. Al-
though here shown outside of the chamber (I,
the circuit 83 and source of fliament power
might be positioned within the chamber.

The second rectifier 45 comprises a fllament
59 contained within and spaced from the walls of
a metallic cup 8. The fllament 59 is included
in a clrcuit 83, also containing a source of excita-
tion. The latter might be a generator driven
through an insulating link by the rotor, but here-
in is also diagrammatically indicated as a bat-
tery or dry cell §5. The circult 63 is electrically
connected to the stator shell at 61 so that its
potential rises and falls with that of the stator.
The cup €1 is supported by a conductor §8 which
passes through insulating bushing Tf on the walls
of the container, passing through the bushing
to the exterior of the evacuated chamber, where
it has connection to a load eircuit Indicated at
T3,

The action of the apparatus will be best un-
derstood from the diagrammatic representation
In Fig. 3 in which the stator is represented by
the charge receiving member {5 and the rotor
by the charge inducing member (7, the latter
continuously maintained at a substantially high
potential V which is positive to the ground and
is supplied from theé potential scurce 31 of con-
stant polarity outside of the casing (1 of the
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evacuated chamber, the walls of which are indi-
cated in dotted lines. The rotor Is represented
as movable with relation to the stator about the
axis 21, in the path represented by dotted lines
in the direction of the arrow, moving from a
position A, corresponding to maximum rotor-
stator capacitance, to a position B, correspond-
ing to minimum rotor-stator capacitance. The
power output of the generator is assumed to be
applied at an essentially constant load voltage E
to an output circuit 73 having a resistance load
R: and a capacitance load Cu in parallel, the
low potential side of the load being grounded
at G.

At the beginning of the cycle, when the rotor
and stator are in position A, corresponding to
maximum roter-stator capacitance, this capaci-
tance is charged to the full value of the inducing
potential V. At this point in the cycle, the stator,
because of the immediately preceding cycle, as
will hereafter appear, is substantially at ground
potential. The valve 45 is withstanding the load
voltage E and the valve 43 has just ceased con-
ducting. Succeeding movement of the rotor
causes the rotor-stator capacitance to diminish,
and hence an increase of the stator potential
with relation to ground. The potential across
the valve 45 is diminished by the amount of this
increase, while the potential across the valve 43
is increased by this amount. This continues
until a point is reached where the stator has
acquired the potential E of the output circuit.
Further movement of the rotor toward the po-
sition of minimum capacitance then causes a
charge to flow through the valve 48 into the
output circuit, a process which continues until
position B, corresponding to minimum rotor-
stator capacitance, is reached. During this in-
terval from positicn A to position B, the source
of mechanical power, acting through the driv-
ing shaft 23 and causing the rator to turn, is the
agency which results in raising the stator poten-
tial with relation to the line potential and in the
flow of stator charge out to the line. The move-
ment of the rotor beyond position B now resuits
in an increase of rotor-stator capacitance, cats-
ing the potential of the stator to fall rapidly back
to ground potential.

Purther movement of the rotor from the
point at which the stator reaches ground po-
tential makes the stator positive relative tfo
ground and causes the valve 43 to conduct. The
consequent flow of electrons to the stator per-
sists until the position of maximum rotor-stator
capacitance is reached. The flow of electrons
eventually brings the stator to ground potenttal.
This corresponds to the starting polnt of the
cycle and the process is repeated. .

During the interval in the movement of the
rotor from position B to the point where the
stator reaches ground potential. a small amount
of mechanical work is being recovered due to the
action of the residual charge in the rotor-stator
capacitance. The amount of work thus recov-
ered, however, is less than that done by the source
of mechanrical power acting through the driving
shaft during the interval froin position A to posi-
tion B by the amount of the electrical work per-
formed by the generator in transferring the
charge through valve 45. That amount of elec-
trical work is cqual to the product of the charge
transferred and the load potential E.

In this explanation it is assumed that the
voltage drops across the valves during conduction

3

intervals and is negligible in comparison to in-
ducing voltage V. .

It is evident that the output current suppiled
by the machine as described, though unidirec-
tionsl, tends to flow in pulses which depend on
the variation in the rotor-stator capacitance and
on the output and inducing potentials. The use
of a load capacitance large in comparison to the
rotor-stator capacitance would be effective in
smoothing out the voltage pulsations resuliting
Irom this discontinuous current flow.

A substantially steady flow of current, how-
ever, may be produced by providing separate
units having each its own rectifying system, the
actlon of such units being in staggered or over-
lapping time relation so that the current Im-
pulses of the several units succeed each other to
give the effect on the cutput circuit of a sub-
stantially continuous current flow. In a gener-
ator of the type shown in Figs. 1 and 2, this resuit
may be secured by a slight modification in the
construction of the rotor and stator. Such a
construction is indicated in Figs. 5 and 6, where
the generator is separated into four units or sec-
tions.

In this form of apparatus, the stator (Fig. 5,
instead of having s common metallic shell, is sep-
arated Into four sectlons consisting each of an
annular ring 19 with inwardly extending sector
shaped poles T7, the rings of the several sections,
however, being insulated from each other by
the insulators 18. In an axial direction the poles
T7 of the successive sections are aligned with each
other.

The rotor comprises a single unitary conductive
structure mounted on the same rotary hub with
the poles 8! of the several sectlons maintained
at & continuously high potential from the same
potentlal source. It is of a construection similar
to that illustrated in connection with Pigs. 1 and
2, save for the fact that the sector shaped poles
of each one of the four sections are offset angu-
larly sbout the axis of rotation from the poies
of the next adjoining section, sg that the poles
of successive sections reach and recede from their
positions of maximum rotor-stator capacitance in
succession and in equally spaced timed relafion.
The same result may be accomplished by angular
Iy offsetting the poles of the several stator sec-
tions instead of the poles of the rotor sections.
If, for example, each rotor and stator member
comprises sixteen poles, as in the construction of
Pig. 2, where the sector shaped poles are pos!i-
tioned about the axis of rotation at intervals of
2214° {representing one cycle of generator opera-
tion), the rotor sections are spaced around the
hub so that the poles of one section are 5%° in
advance of the poles of the next succeeding sec-
tion. Such relationship is indicated in Fig. 6,
where the position of two adioining stator poles
TT is shown in dotted lines and the positions of
the poles of the four different roter sections are
indicated at one particular stage of rotation. It
will be cbserved that when the rotor pole 8i*
of one section reaches its position of maximum
capacitance, the poie 81P of the next section is
half way from that position and approaching the
position of minimum cepacitance, the pole 8l¢
of the next section at the position of minimum
capacitance, and the pole 8¢ of the fourth sec-
tion half way from the latter position and ap-
proaching that of maximum capacitance.

For simplification, Fig. b illustrates each sec-
tion as consisting of a single rotor member in

4nterleaving relation between two stator mem-
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bers, but each section may comprise as many
rotor and stator members as desired.

The rectifying system, in case of the illustrative
sectionglized arrangement of the generator, is
indicated in Fig. 4 where the four separate in-
su'ated stator sections !9s, #5%, i5c and 152 are
in interleaved relation, respectively, to the rotors
{18, 175, 17° and 114, the latter, however, being
each electrically connected to the same source of
inducing potential 31{. Each stator, however, is
provided with its own two rectifying valves, the
stator 158 being connected to the valves 43* and
458, the stator {5° to the valves 43> and 45>, and
50 on, each of the valves 43 being connected to the
ground and each of the valves 45 being connected
to the load or output circuit 73.

The power which can be delivered by an electro-
static generating apparatus of the type described
may be illustrated by the following example.

If it Is assumed that the rotor (as in Figs. 1 and
2} has ten members of sixteen poles each with an
external rotor diameter of 24 inches and a hub

iameter of 6 inches and the separation between
the adjoining rotor and stator poles is 6 milli-
meters, and it is furiher assumed that the rotor
is rotated at a speed of 3600 revolutions per min-

ute, with a substantially constant cutput voltage

E at 100,000 volts and a constant Inducing poten-
tial V at 100,000 volts impressed on the rotor,
then the electrical power outpui of such a ma-
chine would be about 20 kilowatts. It will he
seen that, under these assumptions, s machine
0f these physical characteristics possesses a
power compactness comparable with present elec-
tro-magnetic machines and makes available in &
single unit electrostatically generated direct cur-
rent power of very high voltage.

To provide for proper surface conditions of the
electrodes and insulators and adequate vacuum
insulation, the vacuum maintained in the cham-
ber enclosing such an illustrative machine should
preferably be of the order of 10— millimeters of
mercury or better.

Applicant’s Investigations on the insulating
properties of vacuum and material insulation
thercfor show that between suitable metallic elec-
trodes held apart in vacuum voltages as high as
10,000 can be insulated with gradients of about
5,000,000 volts per centimeter. When the poten-
tial difference is 100,000 volts, gradients some-
what greater than 1,060,000 per centimeter can be
insulated. With voltages of the order of 500,000
volts, a gradient which can be insulated is about
100,000 per centimeter. These voltages and
gradients which can be insulated are of the same
order of magnitude as those utilized in the above
illustrative machine, and the application of these
principles to the electrostatic generator permits
the attainment of high voltage and substantial
power with compact insulation.

It may be observed that generators, typified by
the illustrative example, not only provide for the
practical attainment of high voltage output but
are inherently capable of extremely high efi-
ciency. Electrostatic machines of the type here-
in described have shown an e'ectrical eficiency
of about 99% under actual working conditions.
Such high efficiency is due not oniy to the absence
of magnetic losses and to the extremely small di-
etectric and resistance losses which characterize
the operation of electrostatic machinery ade-
quately insulated in vacuum or high insulating
gaseous media, but is due also to the efficiency of
the charge transferring process employed. For
example, if a charged condenser be connected

2,104,889

across a second and uncharged condenser of equal
capacitance, then, regardless of the resistance of
the circuit, an amount of energy equal to twice
the energy transferred is lost as heat. In a ma-
chine of the type herein described, due to the
method and means for effecting such transfer,
the transfer of charges between the charge re-
ceiving element and the terminals of the load
circult are effected at points in the cycle of opera-
tion of the machine when the potential differences
hetween such charge receiving element and such
terminals are but slightly different and substan-
tially the same, so that the efficiency of the
charge transferring process is extremely high.
Such high inherent eficiency is absent in various
forms of electrostatic machines of the conven-
tional type of the prior art.

The necessary commutation 1is herein per-
formed electronically and, when vacuum insula-
tion is employed, preferably with the filament
and plate housed in the same vacuum as the
machine itself. This eliminates the necessity o'
glass or other envelopes and avoids flashing
over and other voltage limitations where such
enveloped valves are employed in the atmos-
phere. It further avolds the necessity of bring-
ing out the high voltage econnections through
bushings into the atmosphere, and further sim-
plifies the construction in that it very materially
reduces the space occupied by such valves when
placed in vacuum without the usual insulating
envelopes, .

‘Whether used in vacuum or with other insulat-
ing media, the electronic commutation auto-
matically adjusts itself to any load condition,
the electronic valves becoming conducting or in-
sulating at precisely the desired point in the
cycle of operation and in a manner which can-
not be obtained readily by mechanical com-
mutating devices, Mechanical commutation
alone, however, may be employed or may be em-
ployed in conjunction with electronic valves to
relieve the valves of the necessity of withstand-
ing all the votage difference beiween the line
terminals and the stator.

It will be further observed that the method
of charge induction and charge transfer here
utilized permits the effective use of the charge
receiving element in the form of a single uni-
tary multipolar structure of conductive metal
throughout, insulated from the walls of the
chamber by simple compact stationary insula-
tors. It furthei permits the use of a rotor, also
in the form of a single unitary multipolar struc-
ture of conductive metal throughout. insuring
the necessary ruggedness for high speed rotation
and the required reliability for practical, high
voltage, Joad requirements. The demonstrated
advantages of vacuum insulation and the prop-
erties of material insulation for the electrodes in
vacuum can thus be most effectively applied to
the Insulation of the relatively movable inter-
leaving electrodes as can the superior gualities
of the other insulating media referred to.

The interleaving type of construction is of a
form which permits a maximum capacitance
variation per unit size machine and is capable
of high speed rotation. It is particularly adapted
to the multipolar construction, which is impor-
tant since, under certain practical conditions of
operation and for a given speed of rotation, the
power produced by the generator is approximate-
ly proportional to the number of poles.

For certain useful purposes, such, for exampie,
as the production of high voltage X-rays or
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other high energy radiations, in which the source
of radiation constitutes the load on the gen-
erator, the entire Joad circuit, with the energy
translating elements constituting the load, may
be contained within the same evacuated cham-
ber as encloses the generator itseif. -

Such an arrangement i5 indicated in partially
diagrammatic form in Fig. 7. where the gen-
erator within the casing (1 and its electrical con-
nections are substantially as shown in Flg. 1.
The load, however, is provided by the flow of
electrons from a fllament heating circuit 8§, also
surrounded by the insulating medium, and posi-
tioned within the metallic cup 81. In line with
and opposed to the fliament and the radiations
therefrom there is positioned at the end of the
tubular extensicn 88 of the casing |l an X-ray
target 81 which may be air or water cooled. The
tubular extension is encloged by & lead sheathing
93 presenting in front of the target a portal 85
to provide for the emission of the high voltage
X-rays.

To provide the desired capacitance for the load
circuit, there is provided the condenser 81 having
one side grounded to the container casing and
the other side connected to the cup €l of the
valve 48 and slso to the cup 81 of the filament.
The fllament heating circult may be arranged
for external control, as by a rheostat (not shown)
operated through an insulating link. .

While the continuously applied inducing volt-
age V may be supplied by a battery system, elec-
trostatic devices or other means, it is preferably
supplied by an electromagnetic device, such as
the transformer rectifier instanced, equipped
with means for contrelling the potential applied
to the rotor. Since the ratio of the maximum to
the minimum rotor-stator capacitance is fixed
by the design of the machine, variation in the
potential applied to the rotor provides means for
definitely controlling both the potential and
power output of the generator.

While, for the purpose of llustrating the prin-
ciples underlying the herein described method
and apparatus, there is herein shown one single
embodiment of the invention, it is to be under-
stood that wide deviations from the form, detall
and relative arrangement of parts herein shown
may be made, all within the principles and spirit
of the invention herein described and the claims
hereinafter made and sll without departing from
the scope of the invention.

We claim:

1. An electrostatic generator comprising a
stator element having a plurality of poles and
consisting of a single metalllc conductive struc-
ture, and a rotor elemént also having a plurality
of poles and consisting also of & single metallic
conductive structure, the poles of the rotor being
closely spaced from and in interleaving relation
to the poles of the stator and arranged to pro-
vide positions of maximum and minimum ca-
pacitance, a container providing a highly evacu-
ated chamber in which said generator is posi-
tioned, means to insulate said rotor and stator
from the walls of sald container, means for con-
tinuously impressing on one of sald elements
from a separate source a high potential of con-
stant polarity, a load circult, and means for
transferring the charges unidirectlionally from
one terminal of the load circuit to the stator and
from the stator to the other terminal of the load
circuit, the same comprising electronic valves
also contalned within sald evacuated chamber,
one of which valves 18 between the stator and one
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terminal of the load circuit and the other be-
tween the stator and the opposite terminal of
the load circuit.

2. An electrostatic generator for generating
high direct current potential, comprising a sta-
tionary and a rotatable element adapted alter-
nately to assume positions of msaximum and
minimum capacitance, means for constantly im-~
pressing on one of said elements fram a separate
source a high potential of constant polarity, and
means for transferring charges from the lower
potential side of the load circuit to the other
element and from sald other element to the
higher potential side of the Iosd circuitl.

3. An electrostatic generator comprising rela~
tively movable charge inducing and charge re-
ceiving members adapted alternately to assume
positions of maximum and minimum capacitance,
means for constantly impressing on sald inducing
member from a separate source a high potential
of constant polarity, a ccntainer in which said
generator is surrounded by & highly insulating
medium, & load circult, and means to convey a
charge from the lower potential side of the load
cireuit to the charge recelving member during
one Interval of the cycle of operation of the
machine and to convey a charge from the charge
recelving member to the higher potential side of
the load circuit during another Interval of the
cycle of operation of the machine.

4. An electrostatic generator comprising rela-
tively rotatable charge inducing and charge re-
celving elements, a load circuit, a container in
which sald elements are surrounded by a highly
insulating medium, and electronic valves also
within saild chamber for transfering induced
charges between the low and high potential sides
of the Joad circuit.

5. An electrostatic generator comprising rela-
tively rotatable charge inducing and charge re-
ceiving members adapted siternately to assume
relative positions of maximum and minimum
capacitance, a load circuit, and means {o cause
s charge to pass unidirectionally from the lower
potential side of the load circult to the charge
recelving member during & period of increasing
capacitance and from the charge receiving mem-
ber to the higher potential side of the load circuit
during a period of lessening capacitance, said
means comprising an electronic valve between
one side of the line and the charge recelving
member and a second electronic valve between
the charge recelving member and the other side
of the line. :

6. An .electrostatic generator comprising rela-
tively rotatable charge inducing and charge re-
ceiving elements adapted alternately to assume
relative positions of maximum and minimum
capacitance, a load circuit, and a plurslity of
electronic valves mounted to cause a charge to
flow into and out of the charge receiving element
unidirectionally with relatlon to the load circuit.

. An electrostatic generator comprising rela-
tively rotatable charge inducing and charge re-
ceiving members adapted alternately tc reach
relative positions of maximum and minimum
capacitance, a load circuit, and means to cause
a charge to pass unidirectionally from the lower
potential side of the load circuit to the charge
receiving member during one interval in the cycle
of operation and from the charge receiving mem-
ber to the higher:potential side of the load circuit
during another interval in the cycle of operation,
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energy loss small as compared with the energy
usefully transferred to the load circuit.

8. An elecirostatic generator comprising rela-
tively rotatable charge inducing and charge re-
celving elements adapted alternately to assume
relative pusitions of maximum and minimum ca-
pacitance, a load circuit, and means to allow
the charges to flow into and out of the charge
receiving element and unidirectionally with rela-
tion to the load circuit under the influence of
potential differences slight with relation to the
lead circuit voltage.

9. An electrostatic generator comprising rela-
tively rotatable charge inducing and charge re-
ceiving members consisting each of a number of
metalilic segmented disks and adapted to inter-
leave relative to one another so as alternstely to
assume positions of maximum and minimum ca-
pacitance, means comprising a separate source
of potentirl for continuously impressing on the
charge inducing member a high potentizal of con-
stant polarity, & load circuit, and means to con-
vey a charge from the lower potential side of
the load circuit to the charge recelving member
during periods of increasing capacitance and
from the charge receiving member to the higher
potential side of the load circuit during periods
of lessening capacitance,

10. The combination of a plufality of electro-
static generating units, comprising each relative-
ly rotatable charge inducing and charge receiv-
ing members, the different units being related
to Teach a position of maximum capacitance at
successive intervals, means for continuously im-
pressing on the charge inducing member of each
unit a potential of constant polarity, a load cir-
cuit, and means for transferring the individual
charges from said several units successively to
seid load circuit, the same comprising for each

. unit means to convey charges from the load cir-

cuit to the charge receiving member during 2
period of increasing capacitance and to the lead
circuit from the charge receiving member dur-
ing a period of lessening capacitance.

11. The combination of a pluralifty of electro-
static generating units, comprising each relative-
ly movable charge inducing and cnarge receiving
members, the charge receiving members of each
unit being insulated from those of the other
units, the different units being related to reach
a position of maximum capacitance at successive
intervals, a ioad circuit common to said units,
and separate means for said different units for
{ransferring the individual charges unidirection-
ally from said units to said load circult.

12. The combination with an electrostatic gen-
erator employing relafively movable and inter-
leaving segmental metallic disks, of a container
having a highly evacuated chamber in which said
generator is contained, and means in fthe same
chamber and energized by the power generated
for the acceleration of charged particies.

13. The method of electrostatically generating
direct current power and applying the same to
a load circuit, which consists in varying the ca-

2,104,839

pacitance of two relatively movable bodies from a
maximum to & minimum, maintaining a high in-
sulating medium about said bodies, continuous-
ly impressing on one of said bodies a high po-
tential of constant polarity from a separate
source, and conveying by means of an ionic
rectifler induced charges between the other body
and the load circuit.

14, The method of elecirostatically generating
direct current power and applying the same to
& load circuit, which consists in varying the ca-
pacitance of two bodles between a maximum
gnd a minimum, coniinuously appiying from a
separate source to one of said hodies a high in-
ducing potential of constant polarity and con-
veying induced charges unidirectionally between
the other body and the load circuit.

15. The method of electrostatically generating
direct current power and applying the same to
a load circuit, which consists in varylng the ca-
pacitance between maximum and minimum of
two bodies maintained in a high insulating me-
dium, inducing on one of said bodies a charge
from the low potential side of the load circuit
and raising the potential of said body to approxi-
mate the potential of the high potential side
of the load circuit, and thereupon transferring
said charge to the high potential side of the load
circuit under the influence of slight potential
difference.

16. The method of electrostatically generating
direct current power and transferring the same
to the load circuit, which consists in conveying
charges unidirectionally between the low and
high potential sides of the load circuit by isoiat-
ing said charges on a stationary metallic mem-
ber and varying the potential of said member by
induction.

17. The method cf electrostatically generating
direct current power and transferring the same
to a load circuit, which consists in utilizing a con-
stantly applied inducing potential of constant po-
larity, inducing charges in different circuits at
successive time intervals, and separately and suc-
cessively transferring said charges unidirection-
ally from said different circuits to a common
load circuit.

18. An electrostatic direct current generator
for power purposes, ccmprising relatively mov-
able charge inducing and charge receiving mem-
bers adapted alternately to assume positions of
maximum and minimum capacitance, means for
continuously impressing on one of said members
a high potential constant polarity, a lecad circuit,
and means for causing a uni-directional flow of
charge from said charge recciving member to
said load circuit.

19. The combination with an electrostatic gen-
erator, of a highly evacuated container in which
sald generator is contained, and means also in
said evacuated container for the acceleration of
charged particles, said means being energized by
the power generated by said generator.

ROBERT J. VAN pE GRAATF.
JOHN G. TRUMP.
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