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1

In electrostatic generators or motors with con-
ductive members as built heretofore the vari-
ation of the potential of the conveyors is ob-
tained through moving the conveyors in the
electric field created by the inductors. This
method, while having the merit of simplicity, gen-
erally does not make it possible to submit the
conveyors to the maximum electric forces con-
sistent with their “main frame area” as_defined
in the patent to Noel Felici 2,486,140, issued Octo-
ber 25, 1949, and with the dielectric strength of
the surrounding dislectric fluid, This results in
a loss of power with respect to that which would
be obtained if the conveyors were always sub-
jected to these maxlmum forces, angd this loss
is more particularly important in machines of
the Toepler type where it reaches and even ex-
ceeds 50%.

The invention has for iis object to provide
means for increasing the electrostatic forces of
“reaction,” this means making it possible more
particularly to increase in a large measure the
power and the efficiency of electrostatic ma-
chines, especially those with conductive members
of the Toepler type.

While in all the known electrostatic machines
without any exception the variation of potential
of the conveyors is obtained solely through the
variation of an electrostatic influence without
there being any conducting connection with the
conveyors which maintains the potential and
charge thereof, according to a fundamental char-
acteristic feature of the invention an additional
condition of potential is imposed upon the con-
veyors by means conductively connecting them
with sources of electricity or an equivalent de-
vice.

For the reasons which will be hereinafter given,
to this end the conveyors are successively put
into connection with a plurality of sources the
voltage of each of which is constant and differs
from one source to the other in accordance with
progressively stepped potentials taken across the
sources or the poles of the respective generators.

In order that the above mentioned means may
have their maximum efficiency it will be ag-
visable that the preceding operation shall take
place in as short a time as possible and that the
means utilized shall occupy as little space as pos-
sible.

In order to facilitate the explanation of the
method which forms the subject matter of the
invention, several embodiments which illustrate
the manner in which the invention may be car-
ried out will be described herebelow, it being
understood that these examples are in no way lim-
itative,
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Fig. 1 is a diagrammatic view of ‘a. machine
of the Toepler type after modification thereof
in accordance with the invention.

Tig. 2 is-a cross section on line 2—2 .of Fig. 1.

Fig. 3 shows an arrangement similar to that
of Fig. 1, in which no energy, except that to supply
the losses, is taken from the auxiliary sources.

Fig. 4 shows an embodiment in which the auxil-
iary sources are represented by condensers. .

Fig. 5 relates to an embodiment in which the
auxiliary source is provided by an oscillatory cir-
cuit the period of which is matched with the
characteristics of the condenser formed by the
inductor and.conveyor of the machine.

Fig. 6 shows a machine of the Toepler type in
which the means used in accordance with the
present invention are combined with means which
make it possible to increase considerably the out-
put power of the machine.

Fig. 7 shows a modification of the machine and
system of Fig. 6.

The machine shown in Fig. 1 essentially com-
prises an inductor 1 formed of relatively thick
metal plates the edges of which, as shown in Fig.
2, have a cross section in the form of an elon-
gated curve merging tangentially with the lat-
eral faces of the plate, this inductor being brought
to the potential —U by connection to the source
2, two conveyors 3 and 4 of the same cross sec-
tional form as the inductor mounted on a rotat-
able shaft, and two brushes 12 and i3 bearing
against collector rings 19 and {1 carried on this
shaft. In prior art machines of this type the
first brush {2 would be .grounded and, therefore,
at the potential zero while the second brush 13
would be connected directly to the insulated or
output termina] 8 of the machine which is at the
potential +U. The conveyors would be con-
nected to respective commutator segments car-
ried by theshaft to make contact with the brushes
in proper relation to the movement of the con-
veyors into and out of inductive relation to the
inductor | so as to develop the charge and dis-
charge it to the output terminal.

The maximum potential difference developed
between inductor and conveyor by their relative
movement then would be 2U. When one of ‘the
conveyors, the conveyor 3 for example, rotating
in the direction of the arrow, begins to move
out of full registering inductive relation to the
inductor 1 its potential still would be 0 and the
instantaneous work of the resistant electrostatic
force of reaction taken at the center of gravity
of the main frame area is
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3
being the variation of the capacity between in-
ductor and conveyor per unit of angle of rotation.
If the conveyor were, at the very beginning of
the movement, at the potential U instead of at
zero potential this force would be

de
27
2U T

i. e. quadruple the force if the conveyor. were
maintained at zero potential. This would result
in an increase of the reaction work of the elec-
trostatic forces and this increase would man-
ifest itself through a doubling of the current
output. Indeed, the initial charge of the con-
veyor would be 2CU instead of CU (C being the
maximum capacity between inductor and con-
veyor). The power thus would be doubled.

For obtaining the above mentioned improved
conditions the conveyor 3 could be connected to a
generator giving the potential +U, or to the load
itself if this load had sufficient capacity for yield-
ing the additional charge to the conveyor. How~
ever, this method would have two serious disad-
vantages:

(@). If the conveyor with the potential 0 were
suddenly connected to a conductor at the poten-
tial +U a strong spark would be produced which
would result in the dissipation of the energy ¥%CU?
to no useful purpose, with attended deterioration
of the contacts.

(b) If the connection were established with the
load, the gain of power would be zero. The ini-
tial charge of the conveyor is still 2CU but, since
the supplement charge CU is supplied by the load,
the load supplies the energy CU? to the machine
and the machine will merely return this charge
to it during the output period. The sole result
of the operation is simply that a spark is pro-
duced ‘dissipating energy %CU? which must be
supplied by the driving motor.

It may thus be seen that sudden connection as
above described leads to no progress whatever.

In the case of static electricity two conductors
at different potentials should not be put into con-
nection with each other. A change of potential
can be obtained, however: (a) through leaving
the conveyor in an insulated condition, which is
the case in all the known machines; (b) through
putting the conveyor into connection in succession
with a theoretically infinite number of sources of
electricity the successive potentials of which
would differ only by infinitesimal degrees.

Fig. 1 shows a machine in accordance with the
invention meeting the above conditions and in
which nine auxiliary generators are used in order
progressively to raise the potential of the con-
veyors. The two collector rings 0 and if are
connected to the conveyors 3 and 4 respectively.
Brushes {2 and {3 sliding on said rings them-
selves are connected to the contact arms 14 and
15 of two commutating devices comprising respec-
tively the series of contact studs Po to P and
go to qio in number in each series equal to the
number - of the auxiliary generators plus two
additional contacts one of which is connected to
the insulated terminal of the machine while the
other is grounded. The contact studs P: to Py
and g1 to qo are connected respectively to the
auxiliary generators Gi, G2 ... Gs giving
stepped potentials comprised between 0 and U,
i.e.:

U/10, 2U/10, 3U/10.. . . 9U/10

The operation of the machine is as follows.
When the conveyor 3 is in the position of full
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inductive relation to the induector i its move-
ment is stopped and it is connected to ground
through the ring {8 and brush (2, the commu-
tator contact arm [4 being in engagement with
the contact Po. With movement of the conveyor
3 thus arrested the contact arm {8, actuated by
suitable driving means represented in Fig. 1
merely diagrammatically and by the dot and dash
lineé connecting the shaft of the machine to the
arms 8 and i85, is moved from contact Po suc-
cessively to contacts Pi, Ps, Ps, etc. The pofen-
tial of the conveyor thereby is raised in steps to
those given in the series above and as indicated
in the drawing for the respective generators.
MMovement of the arm 14 is continued into en-
gagement with the contact Fio connected to the
insulated or output pole & of the machine, the
potential of this pole being +4U. The charge
carried by the conveyor thersby is not delivered
to the load becauss the potentials of the con-

eyor and load are the same.

The movement of conveyor § between the in-
ductors { then is resumed and the charge begins
to be delivered to the load as the potential of the
conveyor tends to rise until when the conveyor 3
is fully out of inductive relation to the inductor {
the charge of 2CU at potential +U will have
been delivered to the load circuit. This charge
would be only CU if the potential of the conveyor
3 at the start of its movement out of full induc-
tive relation to the inductors were 0 as heretofore
practiced instead of U in accordance with this
invention.

When the conveyor 3 has entirely moved out
of inductive relation to the inductor |, it is
brought back to the potential 0 by shifting the
commutator 14 in the reverse direction to dis-
connect the conveyor from the terminal 8 and to
connect it to ground through the contact Po. The
conveyor then is moved again into inductive rela-
tion to the inductor while remaining in connec-
tion with ground until the capacity between the
conveyor and the inductor { is at maximum when
the conveyor 3 fully registers with the inductor 1.
The cycle described then is repeated. The com-
mutator 15 effects the change of connections of
the conveyor 4 to ground and to the load ter-
minal and to the generators in a similar manner,

In the descripfion of the operation of the pre-
ceding machine, as well as in that set forth
hereinafter with reference to Figs. 3 and 4, it is
assumed that the movement of the conveyors is
intermittent, this movement being interrupted
during the time which is necessary for effecting
the concentrated and accelerated commutation.

In practice, in order to avoid the drawbacks
inherent in such a periodical stopping of the
movement of the machine, its rotation is kept
continuous and the commutator arms (4 and {5
are then arranged to move over the studs Do to Pie
or go to gio and the reverse paths at a very high
speed with respect to the spesd of rotation of
the conveyors, so that the accelerated commuta-
tion takes place while the ccrresponding con- -
veyor covers only a small fraction of its course,

Generally, the operation of the machine is the
better the more numerous the generators G are.
However, in practice a comparatively restricted
number of generators, three or five for instarice,
is sufiicient for greatly improving machines which
do not have the means of the invention.

In the preceding example the conveyors mov-
ing out of inductive relation to inductor { bring
a charge 2CU to the oufer circuit but, on the.
other hand, they receive only a charge CU from
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the earth. The difference is supplied by the gen-
erators' G. The electric power supplied by the
machine to the outer circuit is not entirely due
to the work of the motor which drives the ma-
chine and a part of this power comes from the
generators G themselves. If it is desired that
the generators merely fulfill & function of com-
mutation - without supplying any appreciable
power, this may be accomplished by a simple
modification of the machine of Fig. 1.

Fig. 3 shows such a modification which con-
sists in adding a screen inductor (§ similar to
the inductor | and brought to the voltage J-TU.
It will be seen that when the machine is op-
erated as above described a conveyor 3 or 4 con-
nected to ground through contacts Py or ¢o has
a charge —CU when it beging to enter inductive
relation to the inductor 1. Tt receives, therefore,
from the earth a charge 2CU instead of CU which
it would receive if the sereen (8§ were not present
and the generators G were not used. Thus, the
generators G do not supply electricity to the load
circuit in the embodiment of Fig. 3 and all the
electric power generated is drawn from the motor
driving the shaft which carries the conveyors 3, 4.

In the above described embodiments of the in-
vention, as in the following ones. the commuta-
tion is effected by means of mechanical com-
mutators with contact studs, which commutators
may be driven either directly by the machine
itself or by independent meang synchronizd with
the machine, Tt will be understood that within
the scope of the invention thig commutation may
be effected by any other known means which may
be suitable to accomplish accelerated commuta-
tion as described, the design and construction of
these various commutating and driving means
themselves being independent of the invention
broper and within the knowledge of any man
skilled in the art.

It is to be noted that it ig expedient, in spite
of the variation of the charge of the conveyors,
that during the acecelerated commutation effected
in accordance with the invention the potential of
the inductors shall not vary greatly. Tt will be
advantageous, for example, permanently to con-

nect these inductors to condensers of a sufficient.

capacity to reduce these variations to an ac-
ceptable magnitude for the intended uses of the
machine.

It will be possible also to use generators or
sources of electricity of any desired type provided
they can supply to the conveyors (or receive from
them) the required quantity of electricity within
the shortest possible time. Accordingly, their
own resistance and inductance should have the
smallest possible values consistent with practical
and economical construction.

When the average power supplied by the
sources is zero, as in most cases, the generators
described above may be replaced by simpler de-
vices which are then entirely equivalent to them.
The nine generators of Fig. 3 may be replaced,
for instance, by nine condensers the insulating
resistance and the capacity of which are suffi-
clently high with respect to the maximum ca~
bacity between the inductor and the cONnveyor so
that the condensers substantially keep their
charge in the course of a cycle of commutation
of the connections.

Fig. 4 shows a machine in which the auxiliary
generators are replaced by condensers the num-
ber of which through an appropriate coupling has
been reduced from nine to four, I may be seen
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that two conveyors are commuted simultaneously
and jointly.

In the embodiment of Fig. 4 the conveyor 3
which is connected to the ring 10 discharges to
the insulated or output terminal 8 through the
contact arm (4 when this arm engages the con-
tact Pio, while the conveyor 4 which is connected
to the ring (I receives g positive charge from
the earth through the brush {3 when the arm
15 engages the contact Qo and these connections
are maintained until the conveyor 3 has moved
entirely out of inductive relation to the inductor
{ and the conveyor 4 entirely out of inductive
relation to the inductor 15. At this moment the
discharge from conveyor 3 and the charge of
the conveyor 4 are completed and conveyor 3 car-
ries a charge .0 and conveyor 4 carries a charge
+CU.

In normal operation the potentials of the con-
tacts Pi, P2 ... Py and a1, g2 ..., Qs are re-
spectively equal to UT/10, 2U0/10, . . . 9U/10 pro-
vided that the capacities of the condensers Ci,
Ca, . . . C4connected to these contacts, as shown
in Fig. 4, are distinctly higher than the maximum
capacity betwesn an inductor and conveyor which
is designated by C.

Since the discharge of the conveyor 3§ and the
charge of the conveyor 4 now have been com-
pleted, as mentioned above, the movement of the
conveyors is stopped in order to effect the ac-
celerated commutation.

By movement of the arms {4, 15 in the counter-
clockwise direction, Fig. 4, the conveyor 4 will now
be put into connection with the contact stud a1,
while the conveyor 3 will be connected to the
contact Ps. Then conveyor 4 ig put into connec-
tion with contact a2, and conveyor 3 with Ps, and
50 on. Thus, the potential of the conveyor 4
will be raised by degrees from U/10 to 9U/10,
while that of the conveyor 3 will be lowered ac-
cording to the same progression down to U/10.
Each of the condensers C1 to Ca receives and then
returns the charges CU/10. When the contact
arm {4 has reached P; and the arm 15 has
reached ¢8, the accelerated commutation is
achieved. The charge of the conveyor 4 is
2CU—CU/19, and that of the conveyor 3 is
—CU4-CU/10. The fact that the number of
condensers used in this particular embodiment
is not infinite results in a loss of 1% with respect
to the thecretically maximum charge possible in
accordance with the invention.

As the accelerateq commutation is completed
the arm 14 comes into engagement with contact
Po and the arm 15 with contact gio. The move-
ment of the conveyors then recommences. Con-
veyor 4 supplies its charge 2CU—CU/10 to the
insulated pole or output terminal 8 under the
potential 4 U, while conveyor 3 yields its charge
—CU+CU/10 to ground and receives g charge
+CU from the same.

According to another embodiment of the in-
vention all of the auxiliary generators (or other
auxiliary sources of electricity) may be replaced
by an inductance coil or other electrically equiva-
lent device forming an oscillatory ecireuit with
the two conveyors. Such a coil behaves, at any
moment, like a generator the electromotive force
of which exactly balances the difference of po-
tential which is applied to it,

Fig. 5 is a diagrammatical view of a largely
simplified embodiment of this variant in which
in a machine of the type of Fig. 1 the two con-
veyors 3 and 4 are periodically connected with
the two ends of the inductance coil {8 by means
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of ‘a-double mechanical commutator 19-—20 the
movement of which is effected by a suitable driv-
ing connection to the rotor rotating on axis XX'.
The commutating device 18—29, of course, could
be replaced, as mentioned above, by any other
commutating device ‘actuated through the rota-
tion-of the machine or controlled by the difference
of potential in this case between the brushes 12
and 13.

The operation .of .the machine built in ac-
cordance with Fig..5 is as follows:

In & first position in-which ‘the arms {9 and
20 of the commutation device together are pushed
to the position at:the right, as shown. in full lines
in Fig. 5, the conveyor 3 is connected through
the brush 12, the arm 20°and the contact 23 with
the insulated output terminal 8 of the machine
to which it yields its charge under the potential
+U. The conveyor 4 at the same time is con-

nected through the brush 13, the arm {9, also in 2

the right hand position, and the contact 21 with
ground from which it receives a positive charge.

When the conveyor 3 has entirely moved out
of inductive relation to the inductor { and the
conveyor 4 entirely out of inductive relation. to
the inductor 16, the commutating device is moved
and the-arm {9 comes into contact with 22 and
{he arm 20 into contact with 24.in .the dotted
positions shown . in Fig.:5. "The conveyors 3 and
4 thus are connected in a sudden manner to the
ends of the coil {8 and form an oscillatory -cir-
cuit therewith. Since the current is zero at ‘the
initial moment, under the action of the difierence
of potential which exists between 3 and 4 -at the
beginning a more and more intense current will
build up in the coil 18, until all the electrostatic
potential ‘energy which is available between 3
and & is converted into magnetic energy. in the
magnetic field of the coil 18. At the end of cne
quarter of the period of the csciliation the po-
tentials of 3 and 4 are thus made equal but, since
the current continues to flow through the :coil
18 on account of its inductance, the potential
of conveyor 4 then will become positive and that
of conveyor 3 negative. If the electrical losses
of the coil 18 ifself are sufficiently small, the
current will cease when the potential of conveyor
§ will have become equal to -+U and that of
conveyor 8 to zero. At this moment the commu-

tating device is moved to the dot and dash posi- 5

tion at the left in Fig. 5 so that the arm {9 will
come into contact with 22’, thus putting conveyor
4 into connection with the insulated terminal 8,
while the arm 28 will come into contact with 217,

thus putting conveyor 2 into connection with :

ground. The conveyor 4 will transfer its charge
to the output terminal 8, while § will transfer its
charge —CU to the earth and receive a charge
4+CU from the same. When the conveyors 3
and 4 again are in register respectively with in-
ductors | and 16 the arms (9 and 28 are returned
to the dotted line position and the cycle is re-
peated.

Fig. 6 shows very diagrammatically an em-
bodiment of s machine such that its putput
power is considerably increased with respect to
the conventional Toepler machine. The mem-
bers which play the same parts as in the above
deseribed embodiments are indicated by the same
reference numerals. The two inductors 1 -and
{§ which are maintained at the potentials —U
and +2U by two auxiliary sources of electricity
2 and 2’ are connected with the respective plates
of two condensers 25 and 26 the other plates
of which are connected to ground. The capacity
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of these condensers is -sufficiently high with 1€~
spect to the maximum capacity between an.in-
ductor and a conveyor so that the .potentials .of
the respective inductors remain practically -con-
stant during the accelerated commutation of.the
conveyors in spite of the resulting variation of
the charges thereon. Two conveyors ‘3 and 4
carried by .shaft 50 and rotatable therewith. are
connected respectively to brushes 2T and 28 in-
sulated from each other and rotatable with the
shaft 50, these brushes being disposed 180° apart
about the axis of the shaft. These brushes ro-
tate with the conveyors 3 and 4 and slide on
fixed contacts in order to effect. the accelerated
commutation and the connection with the- ter-
minals of the machine, Two fixed contacts, 29
and 30, cover each an angle of about 160°. The
contact 38 is connected to ground at 1 arnd the
other contact 28 is connected to the insulated
output terminal & of the machine at potential
+U. The other contacts six in. number, 31 to
36, are comparatively very narrow with respect
to the contacts 29 and 30 and are separated by
insulating gaps which serve for the. accelerated
commutasion. The contacts 31 and 32 respec-
tively, as well as the contacts 33 and 34 respec-
tively, are connected to the plates of a condenser
37, as shown in Fig. 6. The middle contacts 3%
and 38 are merely connected together.

The operation of this machine of Fig. 6 .is as
follows:

in the position which is represented the con-
veyor 3 which is connected fo the brush 27 is
diseharging to the insulated or output terminal
3 of the machine under the decreasing influence
of the inductor { .snd the increasing influence
of the inductor {6, the potential of terminal be-
ing 4U. The conveyor 4 which is connected
to the brush 28 begins to come under the in-
fluence of the inductor | so as to increasingly
receive a positive charge. from the earth.

During further rotation of the machine in the
clockwise direction shown the brushes 27 and 28
leave the contacts 28 and 38 simultaneously.
The discharge of “the conveyor 3 and the charge
of the conveyor & are completed, the conveyor 3
now cerrying a charge —CU, and the conveyor
4 a charge +CU.

It may be shown that in normal operation the
contacts 31 and 33 are at the potential U/4, the
contacts 232 and 84 at a potential 3U/4. "When
the brush 27 engages the contact 34 and the
prush 28 engages the contact 31, the conveyor '3
is brought to the potential 3U/4 and the con-
veyor & %o U/4, the capacity of the condenser
37 being high with respect to the maximum in-
ductor-conveyor capacity C. The condenser 37
receives a quantity of electricity CU/4 which it
will return in the manner hereinafter explained.

Then the brush 27 comes into engagement with
the fixed contact 38 and the brush 28 with the
contact 35 and the potentials of both conveyors
3 and 4 become equal to U/2. . An interchange
of charge equal to CU/4 takes place between the
two conveyors through the lead connecting con-
tacts 35 and 38.

Finally, the brush 27 comes into engagement
with the contact 33 .and the brush 28 with the
contact 32. The conveyor 3 thereby is brought
to the potential U/4 and the conveyor 4 to 3U/4.
The condenser 37 returns the charge CU/4 which
is previously received.

The accelerated commutation is then com-
plete. The charge of the conveyor 3 is
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—2CU4-CU/4

and that of the conveyor 4 is 2CU—CU/4.

During the following movement of the con-
veyors the brush 27 engages the contact 30 and
the brush 28 engages the contact 29. The con-
veyor 4 transmits its charge 2CU—CU/4 $o the
insulated terminal and then receives a charge
~CU from the same owing to the influence of
the inductor (6. Likewise, the conveyor 3 trans-
mits its charge —2CU+-CU/4 to ground and then
receives a charge --CU from the ground owing
to the influence of the inductor | and the cycle
can begin again.

Fig. 7 shows a variant of the above described
machine. This variant offers practical advan-
tages of considerable importance which consist
in the elimination of all exciting devices, the
machine being self-exciting, and in the fact that
the maximum potential difference to be insulated
in the machine is merely equal to the delivered
voltage instead of being the double or the triple
the same. This renders possible interesting ap-
blications, more particularly for machines hav-
ing a comparatively high voltage.

The components of the machine itself are

exactly the same as in the embodiment of Fig. 6

and are indicated by the same reference nu-
merals but the connections are different ag re-
gard the inductors. Instead of being maintained
at a particular potential by means of an auxiliary
source, as is necessary in all the machines which

have been described above, the inductors in the-

embodiment of Fig. 7 are connected to the re-
spective terminals of the machine, that is, to
ground and to the insulated output terminal
assumed to be at the potential 2U. A condenser
38 is connected between this output terminal
and ground, the capacity of this condenser being
high enouch so that the potential difference be-
tween its plates does not vary to any substantial
extent in the course of a cycle of commutation.,

The machines of Fies. 6 and 7 have the same
cycle of operation. 'The machine of Fig. 7 dif-
fers from that of Fig. 6 in that the main in-
ductor I is conneected to the contact 29 and to
the output terminal 8 so as to be maintained
at the same potential as this terminal taken as
2U in Fig. 7, whereas in Fig. 6 this inductor is
maintained at a negative potential —T. Fig. 7
differs further in that the screen inductor (6 is
connected to the contact 88 ang to ground,
whereas this screen in Fig. 6 is maintained at
a potential 42U, that is, above the potential
+U of the output terminal 8. Accordingly the
contacts 31 to 38, as indicated in Fig. 7, have
the potentials U/2, U and 3U/2, the potential
difference between the condenser plates 37 being
U instead of U/2 as in Fig. 6.

When a conveyor, for example the conveyor 3
in Pig. 7, in moving out of inductive relation to
the inductor 16 has ceased to discharge to the
output terminal &, that is, when it has moved
almost into full inductive relation to the inductor
! at potential --2U, its charge is zero because it
is then connected te this terminal at potential
+-2U through the contact 29. It is then brought
back to the potential U/2 in three stens by en-
gagement of brush 27 moving counterclockwise,
as shown in Fig. 7, over contacts 32, 25 and 31 in
succession and then into engagement with the
contact 30. It thus acquires a charge of —3CU/2
which it transmits to ground. When a conveyor
is in full inductive relation to the inductor 1§
which is connected to ground its charge is zero
since the conveyor also is at ground potential and
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connected to the inductor {8, as is the conveyor
4 in Fig. 7 through the brush 28 and the contact
30. As the conveyor moves out of full inductive
relation with the inductor 1§ it is brought to the
potential 3U/2 in three steps by movement of the
brush connected thereto, for example, the brush
28 in Fig. 7, over the contacts 33, 3 and 34 in
succession. TIt, therefore, acquires a charge of
3CU/2 which it will transmit to the output ter-
minal when the brush engages the contact 29.
It is apparent in the apparatus of Fig. 7 that
these operations take place simultaneously with
respect to the two conveyors, the condenser 371
receiving and then returning the charge 1CU/2.

Although in the above described examples in
order to facilitate the explanation of the features
of the invention electric generators only were
considered, it should be understood that the
means shown and described may be used without
modification for electrostatic motors having con-
ductive inductors and conveyors. In addition to
the increase of power which the invention brings
about as deseribed ahove, it is possible to design
and build electrostatic motors offering the ad-
vantage of a driving torque which is constant
except for the very short periods in which the
accelerated commutation takes place. When
operating as a motor the machine of Fig. 7 has,
moreover, the advantage that it gives its maxi-
mum torque from the very moment of the appli-
cation of the voltage without it being necessary to
use an exciter.

What I claim is:

1. In electrostatic apparatus, the combination
with an electrostatic machine having a condue-
tive inductor and a conductive conveyor, said
inductor and conveyor being supported for move-
ment of one relative to the other into and out of
full inductive relation to each other, and means
connected to said inductor for maintaining said
inductor at a predetermined potential, of means
operatively connected to said conveyor for pro-
gressively increasing the potential of said con-
veyor from a given potential to a predetermined
potential substantially in the position of said con-
veyor in which it is in full inductive relation to
said inductor, and means for maintaining said
conveyor at said predetermined potential during
movement of said conveyor from said position of
full inductive relation to a position fully out of
inductive relation to said inductor and for dis-
charging said conveyor at said predetermined
potential when connected to a load. :

2. In electrostatic apparatus the combination
with an electrostatic machine having a conduc-
tive inductor and a plurality of conductive con-
veyors, said inductor and said conveyors beihg
supported for movement of said inductor and
conveyors relative to each other to bring said
conveyors in succession into and out of full induc-
tive relation to said inductor, and means con-
nected to said inductor for maintaining said
inductor at a predetermined potential, of means
operatively connected to said conveyors for pro-
gressively increasing the potential of said con-
veyors from a given potential to a predetermined
potential respectively substantially in the posi-
tion of said econveyors in which they are in full
inductive relation with said inductor, and means
for maintaining the respective conveyors in suc-
cession at said predetermined potential during
movement of the respective conveyors out of full
inductive relation to said inductor and for dis-
charging the respective conveyors at said prede-
termined potential when connected to the load.
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3. In electrostatic apparatus: the combination
with.an electrostatic machine as defined in.claim
1,.said inductor and conveyor each having a sub-
stantial extent of face surface and being sup-
ported with said surfaces generally parallel to
each other and.for movement of one relative to
the:other into and out of said inductive reldation
to-each other in the direction parallel to said face
surfaces thereof.

4. Tir electrostatic apparatus the combination
as:defined in claim 3-in which said inductor and
conveyor each. have a substantial thickness per-
pendicular-to:said face surfaces thereof and each
are provided:along the edges of said face surfaces
with edge surfaces.that are profiled along a curve
merging tangentially: with said. face surfaces
thereof. and convex respectively with respect: to
said inductor and. conveyor.

5. In electrostatic apparatus, the combination
55 -defined in claim 1.which comprises an auxili-
-ary-conductive inductor member supported in re-
lation to said conveyor for movement of said aux-
iliary inductor and said conveyor one relative to
the:other into and out of full inductive relation
to.each other, said auxiliary inductor being elec-
trically connected to the load terminal of said
electrostatic machine, and means for connecting
said’ conveyor to-said load terminal in said posi-
tion fully: out of inductive relation to said auxili-
ary-inductor.

6. In electrostatic apparatus, the combination
with an electrostatic machine having a pair of
conductive inductors and a pair of conductive
convevors, said inductors and conveyors keing
supported for movement of said inductors and
said conveyors relative to each other to bring said
conveyors -in succession into and out of full in-
ductive relation to each of said inductors in suc-
cession, two series of contacts disposed in a pre-
determined order with respect to each cther in
each series and with the series in opposed relation
to each other, homologous contacts being elec-
trically- connected together fo be respectively ab
the:same potentials, a pair of contact members
respectively adapted for movement over the con-~
tacts of the respective series in order and oppo-
sitely in.one series relative to the other with re-
spect-to-said homologous contacts, and a plural-
ity of condensers respectively connected between
the electrically connected contacts at the two
‘ends. of said series and between the contacts of
said series next to said end contacts and between
the respective: next -adjacent contacts in succes-
sion of said two series, a- pair of contacts respec-

tively adjacent.the opposed ends of sald twose~ &

ries and adapted to: be. engaged respectively by
said contact members after passing over each of
said series, said pair of contacts respectively be-
ing maintained.at a predetermined potential and
at. the petential of the load terminal of the ma-~
chine different from said predetermined poten-
tial.

7. In electrostatic apparatus, the combination
with-an electrostatic machine having a conduc-
tive inductor and.a plurality of conductive con-
veyors,. sald inductor and said conveyors being
supported for movement of said inductor and
conveyors relative to each other to bring said
.conveyors. in succession into and out of full in-
ductive relation to said inductor, and means con-
nected to said inductor for maintaining said in-
ductor at a predetermined potential, of an induc-
tion .coil, & pair of three position switches, means
providing. continuous-electrical connection of the
wmovable contact members of said switches.respec-
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tively to said conveyors, the middle fixed contacts
of said switches respectively being connected to
the ends of said induction coil, two. outer fixed
contacts of said switches being connected togeth-
er and to the output terminal of the machine, the
other two outer fixed contacts of said switches
being connected together and.fo means for main-
taining said other outer contacts at-a given poten-
tial different from.the potential of said output
terminal, and means for moving said two contact
members together respectively into engagement
with the fixed contacts.connected to said output
terminal and the fixed contacts at said given
potential in one of the outer contact positions of
the respective contact members and into engage-
ment with the fixed contacts.at said given poten-
tial and said contacts connected to said output
terminal in the. other outer contact positions of
said.contact members.

8. In electrostatic apparatus, the combination
with an electrostatic machine having a pair of
conductive inductors and.a pair of conductive
conveyors, said inductors and said conveyors be-
ing supported for movement- of said inductors
and.conveyors relative to each other to bring said
conveyors in succession into and out of full in-
ductive relation to said inductors in succession,
and means connected to said inductors for main-
taining said inductors respectively at predeter-
mined potentials one higher than the other, of a
pair of condensers respectively connected between
said inductors and a member maintained at a
predetermined potential intermediate hetween
said two predetermined potentials of said indue-
tors, means operatively connected to said con-
veyors for progressively increasing -and decreas-
ing the potentials-of each conveyor in succession
between a given lower potential and a given high-
er. potential substantially in the positions of said
conveyors in which they are in full inductive. re-
lation respectively to said inductors of lower and
higher potential, means. for maintaining said
conveyors in succession. at said higher and given
potentials during movement of said conveyors
from said positions of full inductive relation re-
spectively to said inductors of lower and higher
potential to positions fully out of said inductive
relations, and means for connecting each con-
veyor at higher potential to the load terminal of
the machine and for connecting the other con-
veyor o sald member during said movement of
said conveyors out of full inductive. relation. to
said inductors.

9. In an electrostatic apparatus, the combina-
tion with an electrostatic machine having a con-
ductive inducter and a plurality of conductive
conveyors, said inductor and said conveyors:be-
ing supported for movement of said inductor and
conveyors relative to each cther to bring said con-
veyors in succession into and out of full inductive
relation to said inductor, and means connected
1o said inductor for maintaining said inductor at
a predetermined potential, of a pair of elongated
contact elements disposed in opposed. generally
parallel reiation to each other and respectively
connected to the load terminal of the machine
and to ground, opposite ends of one of said con-
tact elements being adjacent but in spaced rela-
tion to the respective opposite ends of the other
contact element, a plurality of relatively narrow
contact segments disposed in spaced relation to
each other between and in spaced relation to the
respective adjacent ends of said elongated con~-
tact elements, the contact segments that are
homologous with respect to: the ends of each of
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said elongated contact elements being electrical-
ly connected together, a pair of contact members
respectively electrically connected to said con-
veyors and supported for movement concomi-
tantly with said conveyors in contact with the re-
spective elongated contact elements in succession
in opposite directions with respect to the adjacent
ends of said elongated contact elements and in
contact with said narrow segments in the move-
ment from one elongated segment to the other at
said adjacent ends, and a condenser connected
between two sets of said homologous connected
narrow contact segments.

10. In electrostatic apparatus, the combina-
tion as defined in claim 9 in which said elon-
gated elements are of arcuate form, said pair of
contact members being supported for rotation
on an axis to bring said members in succession
into contact with said arcuate contact elements
and into contact with said narrow contact seg-
ments disposed between adjacent ends thereof
in passing from one contact element to the other
ab each end thereof.

11. In electrostatic apparatus, the combina-~
tion with an electrostatic machine having a con-
ductive inductor and a plurality of conductive
conveyors, said conveyors being supported for
rotation thereof upon an axis to bring said con-
veyors in succession into and out of full inductive
relation te said inductor, means connected to
said inductor for maintaining said inductor at a
predetermined potential, of a pair of elongated
arcuate contact elements disposed circumferen-
tially about said axis with the adjacent ends
thereof respectively spaced apart, a plurality of
narrow contact segments disposed in spaced re-
lation to each other in each of the spaces he-
tween the adjacent ends of said arcuate elements,
a plurality of contact members respectively con-
nected to said conveyors and supported for rota-
tion with said conveyors on said axis and for
contact in succession with said elongated arcu-
ate elements and also with said narrow contact
segments in succession that are in the spaces
between the said arcuate elements, one of said
arcuate elements being connected to the load
terminal of the machine and the other arcuate
element being connected to ground, the centrally
disposed narrow contact segments in the respec-
tive spaces between said arcuate element being
connected together, the homologous segments at
& given side of the diameter through said central
segments and said axis respectively being elec-
trically connected together, the homologous seg-
ments at the opposite side of said diameter also
respectively being connected together, and a con-
denser connected between connected homologous
segments that are at opposite sides of said
diameter.

12. In electrostatic apparatus, the combination
with an electrostatic machine provided with a
conductive inductor having a substantial extent
of face surface and with a conduective conveyor
having a substantial extent of face surface, said
inductor and conveyor being supported with said
face surfaces generally parallel to each other and
for movement of one relative to the other into
and out of full inductive relation to each other
in the direction parallel to said face surfaces
thereof, means connected to said induector for
maintaining said inductor at a predetermined
potential, a plurality of generators adapted to
develop at their respective terminals different
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bredetermined progressively higher potentials, a
plurality of contacts respectively connected to
the terminals of said generators that are at said
different potentials, a contact member connected
in circuit with said conveyor and operatively
connected fo said conveyor so as to be brought
in succession into engagement with said plurality
of contacts substantially at the position of said
conveyor in full inductive relation to said in-
ductor to connect said conveyor in succession
to said terminals of said generators at said
different potentials in said progressively higher
order, and a contact connected to the load ter-
minal of the machine and adapted to be engaged
by said contact member after engagement of
said contact member with the contact connected
to the terminal of highest potential of said gen-
erators to discharge said conveyor to the load.

13. In electrostatic apparatus, the combination
as defined in claim 12 which comprises a contact
adapted to be engaged by said contact member
connected to said conveyor before engagement
of said contact member with the contact con-
nected to the terminal of lowest potential of said
generators and connected in common to ithe
other terminals of said generators.

14. In electrostatic apparatus, the combination
as defined in claim 13 in which the number of
contacts engaged by said contact member is
greater by two than the number of generators,
the terminals of said generators other than those
at said predetermined potentials being connected
to ground, one of said two additional contacts
being connected to ground and the other being
connected to the load terminal of the machine,

15. In electrostatic apparatus, the combination
as defined in claim 9 which comprises an auxil-
iary conductive inductor member supported in
relation to said conveyors for movement of said
auxiliary inductor and said conveyors relative to
each other to bring said conveyors in succession
into and out of full inductive relation to said
auxiliary inductor in spaced relation in said
movement of said conveyors with respect to said
first conductive inductor, said auxiliary inductor
being connected to the load terminal of said elec-
trostatic machine, said first inductor being con-
nected to ground.

16. In electrostatic apparatus the combination
as defined in claim 9 which comprises a con-
denser connected between said load terminal of
the machine and ground.

17. In electrostatic apparatus the combination
as defined in claim 7 which comprises means
operatively connecting said switches to said con-
veyors for said movement of said movable con-
tact members of said switches from g given one
of sald three positions thereof to the other posi-
tions thereof and return to said given position
concomitantly with said movement of said two
conveyors in succession into and out of full in-
ductive relation to said inductor.

NOEL FELICI.
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