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This invention relates to electrostatic gener-
ators for the production of direct current volt-
ages, and also to apparatus including an electro-
static generator and the electrical device, such
as an X-ray tube, operated thereby. ]

Influence machines of the general types de-
signed by Holtz and Wimshurst have been em-
ployed in the production of direct current po-
tentials, but the output voltages have been re-
stricted to relatively low values. The presence
of the conducting wires or bodies required to
transfer the electrical charges from the rotating
disks to the generator terminals facilitates leak-
age and limits the maximum voltage that may be
established between the generator terminals.

Higher potentials may be obtained by the
rectification of alternating current but apparatus
of this type is quite costly and, as with influence
machines, the maximum available voltage is
limited. So far as I am aware, the maximum
steady direct current voltage attained by prior
workers in this art was about 700,000 volts, and
was obtained by the rectification of alternating
current.

An object of this invention is to provide an
electrostatic generator which will produce
steady, direct current voltages of an order sub-
stantially higher than any previously obtained
by influence machines and/or the rectification of
alternating current. An object is to provide a

- generator in which the electrical charges are
established directly upon the electrodes or termi-
nals, as distinguished from prior influence ma-
chines in which the charges were collected upon
a system of conductors leading to the electrodes.
A further object is to provide an electrostatic
generator having electrodes in the form of hollow
bodies, and non-conducting charge carriers
which transfer charges between the interior of
the hollow electrodes and a grounded point.
More specifically, an object is to provide an
electrostatic generator including two hollow elec-
trodes supported on insulator columns, and a
charge carrier for each electrode, the charge car-

9. riers having the form of silk belts passing over

pulleys within the electrodes and driven by
motors located at the base of the insulator col-
umns. Other specific objects relate to the pro-
vision of high voltage apparatus combining
generators of the types stated with the high po-
tential electrical apparatus to be energized
thereby.

These and other objects of the invention will
be apparent from the following specification

(CIL. 171—329)

when taken with the accompanying drawings,
in which, .

Fig. 1 is a side elevation, with parts in section,
of one embodiment of the invention,

Fig. 2 is a side elevation of a combined gener-
ator and X-ray tube installation, the generator
being adapted to produce potentials of the order
of several million volts,

Fig. 3 is a diagrammatic view of the charge
transferring system of the generator shown in
Fig. 2,

Fig. 4 is a side elevation, with parts in section,
showing ‘a unit having a charge carrier of disk
form, . :

Fig. 5 is a somewhat diagrammatic fragmen-
tary side elevation, with parts in section, of a unit
having a fluid charge carrier, and

Fig. 6 is an enlarged fragmentary view of the
carrier system of Fig. 5.

Two substantially identical units are shown
in Fig. 1, the units being turned at right angles
to each other for the better illustration of the
structural details at the base of the units. Each
unit includes a wheeled supporting base 1 to
which is secured a bracket 2 that carries an insu-
lator column 3. The insulators 3 may be, and
preferably are, glass rods of a height sufficient
to provide adequate insulation between the
grounded base 1 and hollow electrodes 4 that are
mounted on the rods 3. The exterior surfaces of
the electrodes 4 are free from projections or
points which would promote leakage and, in gen-
eral, will be of spherical form.

The lower portion of each electrode is provided
with slots 5 for passage of a non-conducting belt
6 that passes over a pulley 7 mounted within the
electrodes 4 and a conducting pulley 8 that is
located at and driven by a motor 9 on the base
1. The belt 6 is non-conducting and may be
silk or a fabric treated with a non-conducting
flexible plastic, such as a cellulose ester. Inter-
posed between the two runs of each belt is a solid
insulating medium, herein of glass, and com-~-
prising the glass rod 3. Within the electrode,
brushes or combs 10 are provided adjacent the
belt 6, the brushes being electrically connected
to the interior of the electrode.

The belts 6 constitute the charge carriers which
transfer to the electrodes the electrical charges
which are established at the lower ends of the
belts. The apparatus for charging the belts is
shown diagrammatically in Fig. 1, as an alter-
nating current source 11, a transformer 12, and
a rectifier 13 in the secondary circuit of the trans-
former. The terminal of the secondary which is
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negative, during cycles when rectifler 13 is con-
ductive is connected to ground and the positive
terminal of rectifier 13 is connected to & brush
electrode 14 adjacent the portion of the upward
run of belt 6 where it engages the lower pulley
of the positive electrode unit. At the negative
electrode unit, a conductor 15 extends from
ground to a brush electrode 16 that is adjacent
the lower portion of the upward run of the belt
and directly opposite the rounded electrode 17
that is connected to the positive terminal of the
rectifier 13. The electrical charges placed on
the belts by this low voltage circuit are indicated
by the - and — signs adjacent the belts.

It will be apparent that, as each charged helt
passes by the brushes 10, the charge passes from
the belt to the brush, and thence to the interior
surface of the electrode 4. As charges can not re-
main upon the interior surface of a hollow body,
the electrical charges pass to the exterior sur-
faces of the electrodes. The fact that charges
will not accumulate at the interior surface makes
it possible to increase the charge or voltage on
the electrodes 4 to a value determined only by
the form and location of the electrodes. The
maximum voltage that may be established be-
tween electrodes 4 is limited by the sharpest maxi-
mum curvature of the electrode surfaces, and by
the spacing of the electrodes from each other
and from ground, i. e., from the conducting brack-
ets 2 which carry the rod insulators 3.

The legends applied to Fig. 1 indicate the volt-
ages obtained with one particular generator in
which the electrodes 4 were twenty-four inch
spheres mounted on seven foot glass rods. With
spherical electrodes of this size, leakage from the
electrode restricts the maximum voltage on the
electrode to about 750,000 volts, thus limiting
the voltage between the oppositely charged elec-
trodes to about 1,500,000 volts. The helts 6 were
of silk and the rectifier charging system estab-
lished a relatively low voltage of about 5,000 volts
between each brush and its corresponding round-
ed terminal.

This external source of relatively low voltage
for charging the belt is illustrated in the drawings
to facilitate a more ready understanding of the
method of operation of the device but it will be
understood that the machines may be made self-
exciting, in which case they may be primed by
small stray charges generated by friction or oth-
erwise. Furthermore, it will be apparent that
each unit can be made to operate as a motor if a
high potential difference is established between
the electrode 4 and its grounded base. ¥or ex-
ample by moving the units to bring the electrodes
4 into contact, and operating the motor 9 of one
unit to establish a high potential upon the elec-
trodes, the belt 6 of the other unit will be driven as
the electrical charges move upwardly from the
grounded base to neutralize the charge established
in that unit.

A little consideration of the described appara-
tus will show that, by decreasing the curvature of
the electrode surfaces and increasing the insula-
tion between each electrode and ground, higher
voltages may be obtained. The absence of con-
ducting paths between the electrodes, and the
transfer of charges to the interior surfaces of the
electrodes make it possible to increase the volt-
ages to values of an order not obtainable with any
known type of direct current generator.

A generator system operative to produce volt-
ages of the order of several million volts is¢illus-
trated in Fig. 2. For convenience of description,
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it will be assumed that a maximum voltage of
about 10,000,000 volts is to be produced between
the spherical electrodes 40, i. e., a potential dif-
ference of about 5,000,000 volts between each
electrode and ground. The electrodes take the
form of a thin conducting shell 40 that is sup-
ported by an interior framework 41, the conduct-
ing shell being free from surface irregularities or
projections and having a diameter of about 10
feet. The insulator columns 42 which support the
electrodes 40 on the movable bases 43 may be
tubular sleeves of non-conducting material, for
example, paper or wood veneer impregnated with
shellac or an artificial resin. Adequate insula-
tion will be provided when the insulator columns
have a length of about fifteen feet.

To insure most efficient operation it is highly
desirable to maintain a uniform potential gradi-
ent between the electrode and ground along the
supporting column 42. This condition will ob-
tain when the insulating support presents high
conductivity in horizontal planes and a controlled
resistance in vertical planes along the column.
By providing a conductive coating upon the sur-
face of the column, the coating being of substan-
tially constant but relatively low conductivity,
the leakage flow of current will establish a uni-
form potential gradient along the column and,
since the potential will be substantially constant
over any horizontal plane, the lines of force in
the space within the column will be substantially
linear and parallel to the axis of the column.
This leakage coating may take the form of a
paint or varnish layer 422, of low conductivity,
as shown in Fig. 3 and at the left of Fig. 2, or it
may comprise a cord or thread 42° that is ren-
dered slightly conductive by treatment with
graphite or India ink, and is wound spirally
around the column 42, as shown at the right of
Fig. 2.

The gradual potential gradient down the insu-
lating column tends likewise to produce a lower-
ing of the electric field at points on the spherical
electrode adjacent the entering portion of the
column 42, thus resulting in the location of the
most concentrated electric field at a region of
the electrode remote from the supporting column.

The charge conveyor system may be of the type
previously described but, as illustrated, includes
a more efficient arrangement in which the car-
rier belt 44 is doubled back to provide a plurality
of upward runs. The current carrying capacity of
such a belt is, for a given belt width, equivalent
to that of two simple belts of the type shown in
Fig. 1. This method of increasing the current
output may be carried further by doubling the
charge carrier back and forth to provide addi-
tional sections of one upward and one downward
run. The current output may also be increased
by the use of wider charge carriers or higher
carrier speeds.

The collector brushes within the electrodes 40
are insulated from the electrode and the poten-
tial difference bhetween the brush and electrode
is employed to place on the belt, just before it
leaves the hollow electrode, a charge of opposite
sign to that brought to the electrode by the belt.
The belt does double duty by not only bringing to
the electrode charges of one sign but also by
carrying away charges of the opposite sign.

As best shown in the diagrammatic view, Fig. 3,
the upward run g of belt 44 passes through a sleeve
or brush electrode 46 that is supported within but
insulated from the hollow electrode. The brush
electrode 46 is connected to a rounded terminal
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47 that is positioned adjacent the downward run
b of the belt and opposite a brush or comb elec-
trode 48. A similar arrangement of a brush elec-
trode 46’, rounded terminal 47’ and brush 48’ is
provided for the runs ¢ and d of the other sec-
tion of the belt. The brush electrodes 48, 48" are

* connected to each other and to the interior of the
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electrode 40. At the lower end of the belt, brush
electrodes 49, 49’ are positioned adjacent the
runs b and d, respectively, of the belt and are
connected to rounded terminals 50, 50’ adjacent
the corresponding upward runs. Brush electrodes
51, 51’ are positioned at the opposite faces of the
upward runs for cooperation with the rounded
terminals, the brushes 51, 51’ being connected to
each other and to ground.

If the electrode 40 is to be given a positive
charge, the upward runs a¢ and ¢ of the belt 44
carry positive charges to the interior of the elec-
trode. These charges are removed from the belt
by the brush electrodes 46, 46’, thus placing posi-
tive charges on the rounded terminals 47, 47’.
The difference of potential thus established be-
tween these rounded terminals and the brush
electrodes 48, 48’ causes a corona or brush dis-
charge from the electrodes 48, 48’ thus liberat-
ing negative charges that are drawn toward the
rounded terminals and, being intercepted by the
non-conducting belt 44 some or all of these nega-
tive charges are carried away by the departing
run of the belt. Obviously, this withdrawal of
negative charges from the spherical electrode 40
has the effect of increasing the positive potential
of that electrode with respect to ground. At the
lower portion of the belt, a similar action places
positive charges on the upward runs a, ¢, respec-
tively. :

In the event that the corona discharge from
brushes 48, 48’ does not fully neutralize the posi-
tive charges arriving on the terminals 46, 46’
from the belt, the potential difference between the
interior or neutral surface of the spherical elec-
trode 40 and the brush electrodes 46, 46’ will
tend to increase. Pointed electrodes 47 extend
from the brush electrodes 46, 46’ toward the in-
terior of the shell and, by corona discharge, limit
the maximum potential difference which may be
established between the brush electrodes 46, 46’
and the spherical electrode. The discharge from
positively charged electrodes 47¢ to the interior
of the electrode 40 will increase the positive
charge on the hollow electrode 40.

These conditions will be best understood if it is
kept in mind that the pointed or brush terminal
constitutes a terminal having, at the region of
its pointed end, a high potential gradient as com-
pared with the potential gradient at the surface
of its complementary, relatively rounded ter-
minal. This creates an electric field between the
two terminals sufficiently intense to ionize the
air with the liberation of free positive and nega-
tive charges or ions. By far the greater number
of free charges are liberated in the immediate
vicinity of the pointed terminal where the po-
tential gradient is highest,—the so-called corona
discharge emanated from the point being evi-
dence of their presence. This causes the passage
or migration of ions of one sign from the pointed
terminal toward the rounded terminal.

If the pointed terminal is negative with respect
to the opposing rounded terminal, the free nega-
tive charges in the vicinity of the point will be
repulsed and driven toward the rounded ter-
minal to be intercepted by the belt. If the pointed
terminal is positive it will propel the free posi-
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tive charges toward the opposing terminal and
the belt will collect positive charges. The charges
thus become “sprayed”, as it were, on the belt
from the pointed or brush terminal due to the
ionized condition of the air and to the electric
forces of the field.

In the embodiment of the invention shown in
Fig. 3, the voltage across the terminal is built
up by the structures holding the rounded ter-
minals receiving and accumulating the charges
which are initially placed upon the belt by fric-
tion or from any external source. Due to the
friction of the moving belt on the pulley, for
example, a small initial charge may be applied
to the belt. This will result in the cumulative
separation of positive and negative electricity by
induction, thus charging the rounded terminals
and priming the machine. When the voltage
across the terminal gaps is sufficient to cause
ionization adjacent the pointed terminal, the
apparatus functions in a very definite manner
and begins to operate as self-exciting and at
full power.

In Fig. 1, however, a strong uni-directional
field is impressed across the lower ionization ter-
minals from a source of sustained voltage inde-
pendent of the belt and pulley and comprising
the transformer and rectifier. With excitation
supplied in this manner, the apparatus builds
up very quickly on the hollow sphere a high volt-
age charge of a certain and predetermined sign.

The belt is initially primed either by friction
or by some other source of small charges. It will
be apparent that, after placing an initial small
charge on the belt, the apparatus is self-exciting
and will rapidly build up to its maximum output.

The high potential difference under which the
two electrode units are charged may be utilized
to supply direct current or, in fact, continuous
current power where desirable to a high voltage,
power-consuming device, operatively related to
the electrode units, and herein shown as extend-
ing between and supported by the electrodes 40,
the transmission of power taking place from one
generator to the other through this connecting
link which thus becomes a power transmission
element or line. As an example of such a device,

_there is shown in Fig. 2 an X-ray tube compris-

Ing a glass cylinder 52 having a cathode 53 com-
prising a filament sealed in one end of the cyl-
inder and having a metal target 54 secured across
the opposite end of the cylinder. In the case
of a hot fillament as shown, emitting electrons,
and in the event that the vacuum is high, the
power would be transmitted by electrons only.
On the other hand, of course, ions of both signs
could take part. The ends of the tube extend
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through openings formed in the surface of the -

hollow cylinder. The bounding edges of these
openings through which the tube enters are pro-
vided with a rounded, re-entrant contour to pre-
vent corona discharge thereat. The operators
work within the hollow electrodes, suitable doors
(not- shown) being provided to permit access to
the interior of these operating rooms. When
closed, the door should continue the continuity
of the smooth exterior surface of the electrode
to avoid the corona discharge which would take
place from sharp edges. The operators are thus
fully protected from the high potentials since no
charge exists on the interior wall of the electrodes.
This is a matter of great convenience as it en-
ables the operator to work in contact with the
electrode and avoids the use of external conduc-
tors.

This feature is particularly important as
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it would be quite difficult to design conductors for
transferring current between the electrodes and
an electrical device spaced an appreciable dis-
tance from them. If the operator were outside
of the electrode, it would be impossible for him
to approach within several feet of the charged
electrodes.

As shown in Fig. 4, the charge carrier takes
the form of a disk 60 of paper, impregnated fabric
or other insulating material which is mounted
on and rotated by an insulating rod or shaft 61.
The upper portion of the disk passes into the hol-
low electrode 62 through a narrow slit and the
charges to be transferred to the electrode are
placed on the edge of the disk 60 by a corona
discharge electrode 63 that is energized by a
relatively low potential source of unidirectional
current, which is indicated in Fig. 4 by the legend
“5,000 volts”, and these charges are removed from
the disk by a brush or collector 63’.

As shown in Figs. 5 and 6, the charge carrier
is a fluid medium, such as oil, circulated through
the endless pipe line 64 by a pump 65. The fluid
medium is charged, at the lower portion of the
system, by a discharge point 66 which extends
into the conduit 64 and terminates adjacent the
larger and rounded electrode 67. Condenser
plates 68 are arranged within a portion of the
conduit 64 which lies within the hollow electrode
69, and washers or baffles 70 compel the moving
column of oil to flow between the condenser
plates. The condenser is charged by a current
source of low voltage, such as a battery 71 of
the Jow current drain type commonly used with
vacuum tubes as a plate battery, the battery be-
ing connected between one condenser plate and
the electrode 69, while the other plate is con-
nected directly to the electrode.

With this arrangement, the moving column of
a fluid non-conducting medium receives electri-
cal charges as it passes the pointed electrode 686,
and the charges are removed and transferred to
the electrode as the medium passes between the
condenser plates. If desired, the fluid medium
may have fine particles suspended therein to act
as the charge carriers, but this is not generally
necessary as the charges may be applied directly
to the non-conducting fluid. The fluid may be
a liquid or a gas or vapor, or a mixture.

The use of conducting spots or zones on a belt
or disk type of charge carrier operating in air
is, contrary to the prior practice, to be avoided
as it results in decreased efficiency due to the
lessened effective surface for transferring charges
and may materially reduce the maximum volt-
age that may be established on the electrode or
terminal. This will be apparent since a con-
ducting spot or zone on the charge carrier forms,
at the instant that it enters the slot in the wall
of the electrode, a relatively sharp edged exten-
sion of the electrode, thus promoting a corona or
leakage discharge from the electrode,

The endless belt, say of the type illustrated in
Fig. 1, may be driven by a blast of air, in which
case the pulleys may be replaced by curved guide-
channels, and the channels may be extended
along substantially the full length of the belt as
an enclosing housing and providing a passage-
way along the looped belt for the air. The air is
forced into the channel by suitable means and
is circulated through the channel carrying the
belt around with it.

The described apparatus are illustrative of the
cperating methods and of appropriate physical
structures contemplated by the invention. It will
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be apparent that other physical structures which
may be designed fall within the scope of the in-
vention as set forth in the following claims.

I claim:

1. In high voltage electrostatic apparatus, a
pair of spaced apart electrodes, means constitut-
ing an insulating support for the respective elec-
trodes, and endless non-conducting charge car-
riers for transferring charges between ground and
the respective electrodes.

2. In high voltage electrostatic apparatus, a
pair of mechanically independent and relatively
movable units, each unit comprising an elec-
trode, an insulating support for the electrode, an
endless non-conducting charge carrier for trans-
ferring charges to the electrode, and means at the
opposite end of said support for driving said
charge carrier.

3. In high voltage electrostatic apparatus, the
combination with a hollow electrode, and means
for establishing a high direct current potential
difference between said electrode and ground, of
a high voltage power-consuming device exterior
to said electrode and having one end thereof
extending through the wall of said electrode.

4. In high voltage electrostatic apparatus, the
combination with a pair of hollow electrodes and
means for establishing high direct current po-
tentials of opposite sign on the respective elec-
trodes, of a high voltage power-consuming de-
vice extending between said electrodes and hav-
ing the ends thereof structurally connected to
the opposing walls of the respective electrodes.

5. In high voltage electrostatic apparatus, a
conductive shell of rounded form constituting a
hollow electrode and containing an interior op-
erator’s room to which access is provided, a col-~
umn supporting said shell above ground and
insulating said shell therefrom, an endless non-
conducting charge carrier movable from a point
within said shell to a point at the opposite end of
said column.

6. The invention as set forth in claim 5, where-
in an opening is provided in said shell midway
the top and bottom thereof, in combination with
a high voltage power-consuming device exterior
to said room and having one end thereof con-
nected to said opening in said shell.

7. In high voltage electrostatic apparatus, a

pair of conductive shells and constituting each a &

hollow electrode containing an operator’s room,
insulating supporting columns for the respective
shells, endless charge carriers for transferring
charges to the respective shells to impart thereto
electrical potentials of opposite sign, an elongat-
ed high voltage power-consuming device, and
means supporting said device between said shells
and with the opposite ends thereof projecting
through said shells to the interior thereof.

8. The combination with a hollow electrode, a
hollow insulating support for said electrode, and
a charge carrier within said support for trans-
ferring charges between said electrode and
ground, of means establishing a controlled po-
tential gradient along said insulating support.

9. The invention as set forth in claim 8, where-
in said support has the form of a cylinder and
said means comprises a coating of a material on
the wall of said cylinder having a receptivity
relatively low as compared with that of said
support.

10. The invention as set forth in claim 8,
wherein said means comprises a low conductivity
conductor wound on the wall of said support.

11, In an electrostatic machine, the combina-
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tion of a body to be charged, said body being
insulated from ground, an - insulating charge

conveyor, and means supporting said conveyor

for movement along an endless path and with
a plurality of spaced portions of said conveyor
moving into and out of said body, and means for
transferring electric charges between said body
and each of said spaced portions of said conveyor.

12. In an electrostatic machine, the combina-
tion of a body to be charged, said body being
insulated from ground, an insulating belt, means
supporting said belt for movement along an end-
less path and with a plurality of spaced portions
of said belt moving into and out of said body,
and means for charging substantially the entire
length of said . belt to effect thereby a transfer
of charges between the electrode body and points
on said belt path spaced therefrom.

13. In an electrostatic machine, the combina-
tioh of an electrode body insulated from ground,
an insulating belt, and means supporting said
belt for movement along an endless path and
with a plurality of spaced portions of said belt
moving into and out of said electrode, means for
placing electrical charges on each of said spaced
beit portions moving towards said electrode body,
and means within the electrode body for trans-
ferring to said -electrode body the electrical
charges carried thereto by the said portions of
the belt. :

14, In an electrostatic machine, the combina-
tion of a hollow ‘electrode body insulated from
ground, an insulating conveyor, and means sup-
porting said conveyor for movement alpng an
endless path and with a plurality of spaced por-
tions of said conveyor moving into and out of
said electrode, means for placing charges upon
that section of each of said spaced conveyor por-
tions which moves towards and into said elec-
trode body, and means for transferring charges
of opposite sign from the electrode body to that
section of each of said spaced conveyor portions
which moyes out of said electrode body.-

15. In an electrostatic generator, a hollow
electrode, an insulating support for the same,
endless belt charging means including a plu-
rality of pairs of complementary flights extend-
ing into the interior of said hollow electrode,
means for driving said endless belt means, and
electrode means spaced from said hollow elec-
trode for placing electric charges upon the flights
of said endless belt means. i

16. The invention as set forth in claim 15,
wherein said driving means moves adjacent
flights of said belt in opposite directions, and
said electrode means places upon a belt flight
moving towards said hollow electrode an electric
charge of the sign opposite to that of the adia-
cent belt flight which is moving away from said
hollow electrode. .

17. In an electrostatic machine, the combina-~
tion with s hollow electrode, an insulating sup-
port for the same, and charge-transferring
means within said hollow electrode, of endless
belt means for conveying electrical charges to
and from the interior of said hollow electrode,
said belt means including a plurality of pairs of
complementary belt flights passing into and out
of said electrode, supporting means for said belt
means and including a set of pulleys within and
another set of pulleys spaced from said electrode,
means for moving adjacent flights of said belt
means in opposite directions and charge-trans-
ferring electrode means adjacent said belt means
and spaced from said hollow electrode.

5

18. In an electrostatic apparatus, a pair of
spaced hollow electrodes of rounded contour, col-
umns supporting and insulating each electrode
from ground, traveling means for carrying elec-
tric charges of one sign to and into one of said
electrodes and charges of the opposite sign to

and into the other of said electrodes, and means -

within each of said electrodes for transferring
to the electrode the charges brought thereto by
said traveling means.

19. In a high voltage apparatus, an electrode
structure comprising a hollow shell with an op-
erator’s room contained therein, and means for
electrostatically charging the shell.

20. In a high voltage electrostatic apparatus,
the combination with an electrode, of a movable
charge-carrying means for charging said elec-
trode, an insulating connection between said elec-
trode and a point having a high potential dif-
ference with relation to said electrode, and means
for establishing a controlled potential gradient
along said insulating connection. _

21. In a high voltage electrostatic apparatus,
the combination with a body to be charged, of an
insulating support for the body, a movable charge-
conveying medium having a path of movement
entering the body in the vicinity of the con-
nection of said support, and means for establish-
ing a controlled potential gradient along said
support. o :

22. An electrostatic machine having a body
to be charged, a movable charge-conveying
means, means establishing a plurality of paths
for said conveying means, each path having an
entry into and an exit from said body, and means
for transferring electrical charges between said
body and said conveéying means.

23. The invention as set forth in claim 22,
characterized by the fact that the means for
transferring electrical charges serves to trans-
fer electrical charges to said body from said con-
veying means at a plurality of the entering por-
tions of said conveying means. )

24. The invention as set forth in claim 22, in
which the means for transferring electrical
charges serves to transfer electrical charges from
said body to said conveying means at a plural-
ity of exit portions of said conveying means.

25. The invention as set forth in claim 22,
characterized by the fact that the means for
transferring electrical charges serves to transfer
electrical charges from said conveying means to
said body at a plurality of entering portions of
said conveying means and to remove electrical
charges to said conveying means from said body
at a plurality of exit portions thereof.

26. An electrostatic machine having a body to
be charged, and movable charge conveying means
for transferring electric charges between said
body and said conveying means, said conveying
means having a plurality of looped portions with-
in said body. :

27. In an electrostatic apparatus, the combina-
tion with a body to be charged, of a hollow insu-
lating tube supporting said body, and a moving
conveying medium for {transferring electric
charges to said body having a path of movement
within said insulating tube.

28. In an electrostatic apparatus, the combi-
nation with a body to be charged, of a traveling
charge conveying medium operatively related
thereto, and means for causing a transference of
electric charges to said medium comprising a
source of sustained voltage independent of said
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medium and opposed terminals between which
sald medium travels, one of which is connected
to said voltage source, said terminals providing
one a region of relatively high potential gradient
and the other a region of relatively low potential
gradient.

29. An electrostatic apparatus, comprising a
hollow body to be charged, insulating means spac-
ing the same from ground, an endless charge con-
veyor with means for causing the travel of the

same into and out of said body, means for ap-.

plying electric charges to said conveyor at a
point outside of said body, an electrode within
and insulated from said body for removing elec-
tric charges from the entering portion of said
conveyor, a terminal connected to said electrode
and presenting a relatively extended surface po-
sitioned adjacent the departing portion of said
conveyor, and an electrode connected to the in-
terior of said hollow body and positioned ad-
jacent said departing portion and opposite said
terminal, thereby to place charges on the depart-

. ing portion of a sign opposite that of the charges
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brought to said body by said conveyor.

30. In a high voltage electrostatic apparatus,
the combination with an electrode comprising a
hollow body of rounded contour, of means for
charging the same to an abnormally high volt-
age, said body having an opening in its sur-
face, the bounding edges of said opening having
a rounded re-entrant contour, and a member
entering the opening in said body.

31. In an electrostatic apparatus, the combi-
nation with a body to be charged, of a charge-
conveying medium, means for applying electric
charges to said medium, and means for transfer-
ring charges from said medium to said body, in-
cluding charge collecting means operatively re-
lated to said body and comprising conducting ter-
minals of opposite polarity and an independent
source of voltage for exciting said terminals.

32. In an electrostatic charging system, the
combination with a pair of terminals, of electro-
static means for creating a high potential dif-
ference between said terminals, an evacuated
tubular member structurally connected to one of
said terminals, and means. within the tubular
member for completing a path of current from
one terminal to the other.

33. An electrostatic machine comprising a hol-
low body constituting an electrode-terminal, on
the surface of which a high potential charge is to
be established, a movable charge carrier having
a looped portion thereof located within said body
and entering and leaving the latter, and means
substantially wholly within said hollow body for
transferring charges between said charge carrier
and said body.

34. In an electrostatic machine, the combina-
tion with a body to be charged, of movable charge
conveying means having entrance into and exit
from said body, and means for transferring
charges of one sign to said body from the charge
conveying means on entrance therein and for re-
moving charges of the opposite sign to said.charge
conveying means on exit therefrom.

35. In an electrostatic machine, the combina-
tion with a body to be charged, of an endless
charge conveying belt having a movement into
and out of said body, means for transferring
charges from an entering portion of said belt to
said body, and means for removing charges of an
opposite sign from said body to & departing por-
tion of said belt.

36. In an electrostatic machine, the combina-
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tion with a body to be charged, of a movable
charge conveying medium having a path of move-
ment into and out of said body, means for trans-
ferring charges from said medium to said body on
entering the latter, and means for transferring
charges of the opposite sign to said medium from
said body on leaving the latter,

317. In an electrostatic apparatus, the combina-
tion with a hollow body to be charged, of an end-
less conveying medium having a path of move-
ment into and out of said body, means for trans-
ferring charges from an entering portion of the
medium to sald body, and means for removing
charges of the opposite sign from said body to a
departing portion of said medium, both said trans-
ferring and said removing means being substan-
tially wholly within said hollow body.

38. In an electrostatic machine, the combina-
tion with a body to be charged, of endless charge
conveying means for carrying electric charges to
and into said body and having portions traveling
in closely adjacent parallel paths, and a solid
elongated insulating body lying between said par-
allel portions.

39. In an electrostatic power transmission sys-
tem, the combination with an electrode body, of
means for charging the same electrostatically to a
high potential, a second electrode body insulated
from ground adapted to be electrically connected
to said first body to receive current therefrom, and
an endless charge carrier having a path of move-
ment into and out of said second electrode body
with means for the transfer of electric charges
between said second body and the ground to oper-
ate said charge carrier as a motor.

40. In high voltage electrostatic apparatus, a
vertically disposed insulating column, a hollow
electrode supported at the top of said column,
an endless charge carrier and means for moving
the same between a point near the base of said
column and the interior of said hollow electrode,
means for applying electrical charges to a portion
of said carrier at a point remote from said elec-
trode, and means within said hollow electrode for
removing said electrical charges from said carrier.

41. In an electrostatic machine, a hollow body
of rounded contour constituting an electrode-
terminal on the surface of which a high potential
charge is to be established, insulating means
supporting said electrode, a pulley within and
substantially surrounded by said body, an endless
charge carrier comprising a belt having a loop
passing about said pulley and entering and leav-
ing said body, and means for driving said charge
carrier.

42. In an electrostatic apparatus, the combina-
tion with a pair of spaced hollow bodies consti-
tuting each an electrode-terminal on the surface
of which a high potential charge is to be estab-
lished, of insulating means supporting said bodies,
traveling charge-carrying means for carrying
electric charges of one sign to and into one of said
electrodes and charges of the opposite sign to and
into the other of said electrodes, and means sub-
stantially wholly within and surrounded by each
of said electrodes for transferring to the said
electrodes electric charges brought thereto by
said charge-carrying means.

43. In an electrostatic apparatus, the combina-
tion with a pair of spaced hollow bodies consti-
tuting each an electrode-terminal on the surface
of which a high potential charge is to be estab-
lished, of insulating means supporting said bodies,
traveling charge-carrying means for carrying
electric charges of one sign to and into one of said
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electrodes and charges of the oppostte sign to and
into the other of said electrodes, means substan-
tially wholly within and surrounded by each of
sald electrodes for transferring to the said elec-
trodes electric .charges brought thereto by said

charge-carrying means, and means for establish-.

ing a predetermined path of current transference
between the electrodes comprising & vacuous cas-
ing connected to and extending between ‘said
electrode-terminal bodies.

44, In an electrostatic apparatus, the combina-

" tion with a pair of spaced hollow bodies consti-

tuting each an electrode terminal on the surface
of which & high potential charge is to be estab-
lished, of insulating means supporting said bodies,
traveling charge-carrying means for carrying
electric charges of one sign to and into one of
said electrodes and charges of the opposife sign
to and into the other of said electrodes, means
substantially wholly within and surrounded by
each of said electrodes for transferring to said
electrades electric charges brought thereto by said

‘charge-carrying means, means for establishing a

predetermined path of current transference be-
tween the electrodes comprising a vacuous casing
connected to and extending between said electrode
terminal bodies, and a power-consuming device
located in said path of current transference.

45. In a high voltage electrostatic apparatus,
the combination with a hollow body constituting
an electrode-terminal on the surface of which a
high potential charge is to be established, of a
moving charge-conveying insulating medium
having a path of movement entering and leav-
ing said body, means for applying charges to said
medium at a point remote from said body, and
means substantially wholly within and enclosed
by said body for removing charges from said me-
dium Wlthin said body, said charge-conveying
medium being of substantially uniform insulating
properties thereby to prevent concentration of
the electric fleld along its path and to suppress
corona discharges.

46. In an electrostatic machine, the combina-
tion with a body to be charged, of a movable
charge-conveying medium for carrying charges to
and from said body, and charge transferring
means substantially surrounded by the equi-
potential surface of said body for transferring a
charge of one sign from said medium to said body

~and for removing a charge of the opposite sign

from said body to said medium. _
47. In an electrostatic machine, the combina-

tion with a body to be charged, of a moyable )

7

charge-conveying medium for carrying charges
to and from said body, and charge transferring
means substantially within said body for trans-
ferring a. charge of one sign from said medium
to said body and for removing a charge of the
opposite sign from said body to said medium.

48. In an electrostatic machine, the combina-
tion - with a body to be charged, of a movable
charge-conveying medium for carrying charges
to and from said body, and charge transferring
means operating independently of and unaffected
by the potential of said body- for transferring
a charge of one sign from said medium to said
body and for removing a charge of the opposite
sign from said body to said medium.

49. In an electrostatic machine, the combina-
tion with a body to be charged, of a movable
charge-conveying medium for carrying charges
between said body and a point remote therefrom,
and charge transferring means independent of
and unaffected by the potential of said body for
transferring to sald medium at said point a
charge of one sign and for removing from said
medium at said point a charge of the opposite
sign.

50. The combination with a body charged to
a high potential, of a movable charge-conveying
medium operatively related to said body, and
means for operating said charge-conveying me-
dium as a motor including means for transferring

-charges of one sign from said medium to said

body and for removing charges of the opposite
sign from said body to said medium, said charge
transferring and removing means operating in-
dependently of and unaffected by the potential
of said body.

51. In an electrostatm apparatus, the combina-
tion with a movable charge-conveying medium,
of charge transferring means operatively related
thereto, and continuous charge supplying means
including an electro-magnetic source of power
therefor.

52. An electrostatic apparatus comprising a
movable charge-conveying medium, charge trans-
ferring means operatively related thereto, and
electro-magnetic means for providing continuous,
steady excitation for said transferring means.

53. In an electrostatic machine, the combina-
tion with a body to be charged, of a charge-con-
veying medium having a path of movement be-
tween said body and a point remote therefrom,
and a casing in which said medium is contained
and of which said body forms an essential part.

ROBERT J. VAN pE GRAAFF.
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