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INTRODUCTION
TO
THE THETA DEVICE AND OTHER FREE ENERGY PATENTS

Those of us who "believe" are always looking for the holy grail of
power generation, the wonderful free energy device that will power
our homes, automobiles, trains, airplanes and all the other
motorized systems on the planet. I have personally seen four free
energy devices that really worked and which I ran sufficient tests
on to convince me of their validity. I did not know enough about
their intermal mechanisms to reproduce them, however.

To me, it is patently obvious that there is some means whereby we
can "hook our machinery up to the wheel work of nature (Tesla)".
The electrons go serenely zipping around the nucleus, the whole
atom literally pulsates with abundant energy, all of which is
"forever". This is one of nature’'s free devices and if you look
around there are others. We have only to tap into the universal
energy source that the atom is locked into and we can use this
same power source. Such a small word "only", but oh what a trek
nature takes us on if we follow the search.

The following patents are of supposed free energy inventions,
including the Richardson patent, the "Theta" device, which I
mentioned in my lecture at the 1990 International Tesla symposium.
I named it the Theta device because of its resemblance to the
greek "theta" symbol. I built a scaled down version of the Theta
device and could not get it to work. I also located another
version which another experimenter sent to me to try to get
running and I was unsuccessful in that attempt. Later, I found out
that I was not pulsing the core with a high enough power pulse to
flip the magnetic domains in the outer core. This, of course,
would make the Theta unit mon—-functional.

Also included is the original text of the write up on the Theta
device which prompted me to attempt to build it. The original text
has been retained except where references to the figures were
needed. The original drawings were in such poor condition that new
CAD copies have been included. The Theta plans were given to Jerry
Decker of Vangard Sciences (P.0. Box 1031, Mesquite, TX 75150) by
a friend of his, who supposedly got the plans from the inventor.
According to the information 1 received, the original inventor
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decided to remain anonymous. As the story goes, the inventor had
been trying for the last 15 years to get patent coverage for the
device but had been harassed by the patent office as well as
certain power companies. Subsequent information proved this story
a fabrication, as is obvious from the Richardson patent; but I had
already built the device. It may turn out that the new derivative
of the Theta device, the Pasichinskyj patent, offers a greater
potential as a free energy unit and is much easier to build.

Rumors are that both the Hyde and the Pasichinskyj units actually
produce useable free energy and the Hyde patent actually claims
such. The Hyde patent has been extolled by Moray King (in a recent
article) as having great potential as a possible free energy
motor. The Hyde electrostatic generator looks to me like an
advanced version of a free energy device that is supposedly
running in Europe.

We offer these patents to you for your reading enjoyment and hope
they will stimulate your interest in free energy and possibly in
building one of the devices and experimenting with it. At the
present time, we do not know if they do in fact produce free
energy. Additionally, I make nmo claims as to the truth of the
plans and description of the Theta device.

I would encourage you to experiment, experiment, experiment--your
learning curve will go up exponentially when you do! All those
who really built running devices were experimenters and tinkerers.
ENJOY!

Dan A. Davidson

RIVAS

P.0. Box 68320

Oro Valley, AZ 85737




A BRIEF, SIMPLIFIED EXPLANATION OF THE SOLID STATE
(THETA) RESONATING GENERATOR
(Received May 1990)
Anonymous

An observed and practiced fact of science is applied in a
conventional electric generator. That is: when a metal object is
passed through a magnetic field, electric current is produced and
the efficiency is always less than 100%. The mechanical design of
a modern generator requires a proportionately higher amount of
energy consumption to produce a given amount of electrical energy
Consequently, an electric motor cannot be used to run a generator
which in turn feeds fuel back to the motor, leaving an excess for
other uses.

In the case of the solid state generator, it has been discovered
that a mechanical force is not required to alter the magnetic
field; therefore, it is vastly more efficient. So much more
efficient that it produces 100 times as much energy as is required
to operate it at peak load. The perpetual motion machine 1is
finally here!

The desired result is obtained by using transistors to rapidly
alternate low voltage through the mass of an "X'" shaped core (see
Figure A). The rapidly changing pulse (excitation current)
generates electrical current which develops in the central coil.

The generator then quickly achieves an optimum state of
operational balance called the resonant fregquency at which point
it produces electricity at a ratio of 1:100 between the excitation
current and the produced current. One percent of the produced
current is then used to re-charge the battery fuel source and 99%
i1s available to do the work of mankind.

No other fuel is involved. There are no moving parts to maintain,
no pollutants created, and the operation is silent! Actually the
barium core is eventually consumed in about 200 to 300 years of
operation and is technically a source of energy (fuel).

A unit measuring 2 feet in diameter by 4 feet long and weighing
500 lbs. at a cost of $5,000 could produce more than enough
electricity to serve a fully electric modern home, or operate a 40
h.p. electric vehicle for a lifetime plus.

All other known fuels and energy systems are now obsolete. Today's
energy transmission methods (power lines, pipe lines) and
generating processes (fossil atomic fired) are pointless. Millions
of small generating units can now be placed at points of use
instead, right at the grass roots, where the power belongs. Power
to/for the people. "Right on!*" (=sic).

Figure A depicts the four piece X shaped barium ferrite core
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surrounded by an "elongated octagon" core making the total core

look similar to the theta symbol; hence, the name. Four excitation
coils are placed on the legs of the X core (see Figure B). The .
central body of the X core has 10 nested coils that are for the
output power. A schematic of the coil layout is shown in Figure C.
The excitation coils are pulsed using a flip-flop circuit. The
coils are pulsed A-A’ then B-B' then A-A° again etc. .

Figure D shows a detail design of the barium ferrite cores. The X
is in two pieces to facilitate placement of the central core area.

The complete core with the coils attached is shown in Figure E. A
steel band around the outer core holds the entire core/coil
arrangement together.

The circuits shown in Figure F are for the excitation pulse
circuitry only. The wiring for the central coil, to pick up the
produced current, is simply a collection of the ends of the coil
wires hooked in series as required to produce the voltage wanted.
The excitation circuits shown are complex in fact, but simple in
purpose, and are available "off the shelf" items of transistorized
electronic gear.

The upper circuit is a frequency modulator (variable oscillator)
allowing the pulse rate of excitation to be adjusted to the
optimum "resonant freguency".

The lower circuit is a "flip-flop" system to permit the rapid
changing of current from one electromagnetic circuit to another,
within the core.

A 12-volt battery is the source of the excitation current, and can
be kept re-charged by the functioning generator or a feed-back
circuit could be used to take its place during operation.

That is all there is to the Circuitry. The barium core and
magnetic fields do the rest.

The entire Theta device (core, coils and electronics) is housed

in a cylindrical steel casing that is 22" in diameter by 42" in
length. The ends are covered with steel plates (to form a closed
tube. The total unit weighs about 550 pounds. An access hole is
cut into the top of the casing and a cover installed to facilitate
servicing. Steel legs are welded to the bottom for support.
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FIGURE A. FOUR PIECE - BARRUIM FERRITE CORE

PRSP S AN ey I O

CORE WEIGHT IS 200 POUNDS.

BARIUM FERRITE MATERIAL HAS

THE CHARACTERISTIC OF

PRODUCING AN ELECTRICAL

CURRENT WHEN USED IN THIS

WAY. NO OTHER HAS YET BEEN | N
FOUND TO DO THIS. THE MASS OF 2RAWN BY: DANA. DAVID
THE MATERIAL DICTATES THE RIVRS o
POTENTIAL ELECTRICAL YIELD OF GREENVILLE, TX 75401
THE UNIT. DATE: MAY 1990

PHONE: 214-455-4539




FIGURE B. COPPER COIL WIRES ON CORE.:

4 EXCITATION COILS - EACH T
CONTAINING 1,000 FEET OF ;7

NO. 10 WIRE. ST
S VA

L/ CENTRAL COILS - 10
7 NESTED COILS EACH
i 4 CONTAINING 100 FEET OF
NO. 0 WIRE.

COILS ARE INSTALLED ON CORE. 14 TOTAL.

DRAWN BY: DAN A. DAVIDSON
COPYRIGHT BY:
RIVAS
P.O. BOX 878
GREENVILLE, TX 75401

DATE: MAY 199




% FIGURE C DETAIL ON ENERGY/COIL
EXCITATION THRU
COIL 12 V.B\ :
S ‘ z,t;'\)/EXCITATION THRU

§ COIL12 V.

USABLE /P""’“ <y BARIUM FERRITE

CURRENT ' ELECTROMAGNETIC

bl | ~ CORE
RETURN B
: T~ CENTRAL COIL IS

n’
—

-
| \} WHERE USABLE
] | | CURRENT
< WP DEVELOPS.
EXCITATION THRU
EXCITATION 12 V -- CURRENT ‘Nou 12 V.
CREATES ALTERNATELY -

ELECTROMAGNETS A-A’ THEN
B-B'THEN A-A'ETC.

DRAWN BY: DAN A. DAVIDSON
COPYRIGHT MAY 19390 BY
RIVAS
P.O0.BOX 878
GREENVILLE, TX 75403
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C/GHMRE G ORIGINAL THETA DRIVER C/RCUIT
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[57) ABSTRACT

Externally charged electrodes of an electrostatic gener-
ator induce charges of opposite polarity on segments of
a pair of confronting stators by means of electric fields
within which a pair of rotors are confined during rota-
tion to vary the charge binding field linkages between
confronting rotors and stators by a shielding action of
the rotors in a plane perpendicular to the field flux. A
high electric potential difference induced between the
stators resulting from such rotation of the rotors, is
transformed by an output circuit into a reduced DC
voltage applied to a load with a correspondingly in-
crease current conducted therethrough.

19 Claims, 3 Drawing Sheets
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4,897,592

1

ELECTROSTATIC ENERGY FIELD POWER
GENERATING SYSTEM

BACKGROUND OF THE INVENTION

This invention relates to the generation of electrical
power by conversion of energy from an electrostatic
field.

The conversion of energy from a static electnic field
into useful electrical energy by means of an electrostatic
generator is already well known in the art as exempli-
fied by the disclosures in U.S. Pat. Nos. 2,522,106,
3,013,201, 4,127,804, 4,151,409 and 4,595,852. Gener-
ally, the energy conversion process associated with
such prior art electrostatic generators involves the input
of mechanical energy to separate charges so that a con-
siderable portion of the output is derived from the con-
version of mechanical energy.

It is therefore an important object of the present
invention to provide an electrostatic generator in which
electrical power is derived from the energy of static
electric fields with a minimized input of mechanical

power.
SUMMARY OF THE INVENTION

In accordance with the present invention, static elec-
tric fields are established between electrodes externally
maintained at charge levels of opposite polarity and a
pair of internal stator discs having segmental surfaces
that are dielectrically spaced to confine thereon charges
induced by the electric fields. A pair of rotor discs are
rotated within continuous eiectric fields in planes per-
pendicular to the field flux to locationally vary the
charge linkage established by the electric fields between
the electrodes and stator discs. Such changes in' charge
linkage are effected by rotation of electrically conduc-
tive segments of the rotor angularly spaced from each
other to partially shield the stator discs from the electric
fields. The segments of each rotor disc have charged
faces confronting the electrodes in its field to shield the
stator disc over a total face area that is one-half the total
area of the confronting segment surfaces on the stator
disc to which the induced charges are confined.
Charges on the rotors and stators are equalized by elec-
trical interconnections established through the rotor
shafts. The stator discs are electrically interconnected
with an electrical load through an output circuit trans-
forming a high potential between the stator discs into a
reduced dc voltage to conduct a correspondingly multi-
plied current through the load.

BRIEF DESCRIPTION OF DRAWING FIGURES

These and other objects and features of the present
invention will become apparent from the following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompany-
ing drawings in which like parts or elements are de-
noted by like reference numerals throughout the several
views of the drawings and wherein:

FIG. 1 is a simplified electrical circuit diagram corre-
sponding to the energy conversion system of the pres-
ent invention.

FIG. 2 is a side section view of an clectrostatic gener-
ator embodying the system of FIG. 1 in accordance
with one embodiment of the invention.
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FIGS. 3 and 4 are partial section views taken substan-
tially through planes indicated by section lines 3—3 and
4—4in FIG. 2.

FIGS. 5A and 5B are schematic partial laid out top
views of the electrostatic generator of FIGS. 2-4, under
static and dynamic charge distribution condictions,
respectively.

FIG. 6 is an electrical circuit diagram of the output
circuit of the generator shown in FIG. 2, in accordance
with one embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

Referring now to the drawings in detail, FIG. 1 dia-
grammatically depicts the energy conversion system of
the present invention generally referred to by reference
numeral 10. As diagrammed in FIG. 1, the system in-
cludes a pair of electrostatic fields 12 and 14 established
by electrostatic charges of opposite polarity applied to
electrode plates 16 and 18 from some external energy
source. Thus, the electrostatic field 12 is established
between electrode 16 and a stator disc 20 while the
electrostatic field 14 is established between electrode 18
and a stator disc 22. In accordance with the present
invention, electrostatic charge linkages established by
the flux of the fields between the electrodes and stators
are periodically varied by displacement within continu-
ous energy fields 12 and 14 in response to rotation of
rotors 24 and 26 aligned with planes perpendicular to
their common rotational axis and the field flux as will be
hereinafter described. The rotors are mechanically in-

‘terconnected with an electric motor 28, as diagrammati-

cally illustrated in FIG. 1, for rotation about the com-
mon rotational axis. Electrical energy may be extracted
from the electric fields 12 and 14 during rotation of the
rotors 24 and 26 by motor 28 through an output circuit
generally referred to by reference numeral 30. The
output circuit 30 as shown, in FIG. 1 in a simplified
fashion, includes two pair of current conducting diodes
32A, 32B and 34A, 34B. The diodes of each pair are
oppositely poled and each pair is connected in parallel
to one of the stators 20 and 22. The diodes of each pair
are also electrically connected across an electrical load
represented by resistors 36A and 36B with capacitor
networks 38A and 38B interconnected between each
pair of diodes by means of which the voltage potential
between the stators 20 and 22 is reduced in favor of an
increased current through the electrical load.

Referring now to FIGS. 2, 3 and 4 in particular, a
physical embodiment of the energy conversion system
diagrammed in FIG. 1 is shown. The electrodes 16 and
18 are in the form of circular plates or discs made of an
electrically conductive metal having external surfaces
40 and 42 adapted to be charged from the external
source as aforementioned. The internal surface 44 of
electrode 18 is thereby adapted to maintain a positive
charge opposite in polarity to the negative charge of the
electrode 16 which is maintained in a stable ion form
within a dielectric surface portion 46 of the electrode
16. The energy conversion system may be enclosed
within an outer housing 48 to which the electrodes 16
and 18 are secured.

With continued reference to FIG. 2, the stators 20
and 22 mounted by housing 48 in axially fixed spaced
relation to the electrodes 16 and 18 are provided with
bearings 50 and 52 establishing the aforementioned
common rotational rotor axis journaling a powered
shaft assembly having electrically conductive shaft sec-
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tions 54 and 56 to which the rotors 24 and 26 are respec-
tively connected. In the embodiment illustrated in FIG.
2, the drive motor 28 is mechanically interconnected
with the shaft sections 54 and 56 through an electrically
nonconductive shaft section 58 of the power shaft as-
sembly for simultaneous rotation of both rotors 24 and
26 at the same speed and in the same direction about the
common rotational axis perpendicular to parallel spaced
planes with which the electrode and stator discs are
aligned. The electrically conductive shaft sections 54
and 56 are respectively keyed or secured in any suitable
fashion to hub portions 60 and 62 of the rotors and are
provided with flange portions 64 and 66 forming electri-
cal wipers in contact with confronting surfaces of the
stators 20 and 22, which are inductively charged by the
static electric fields 12 and 14 to equal levels of opposite
polarity.

As more clearly seen in FIGS. 2 and 3, the rotor 24
has a plurality of angularly spaced, field linkage con-
trolling segments 68 projecting radially outwardly from
the hub portion 60. Each rotor segment 68 is made of an
electrically conductive metal having a face 70 on one
axial side confronting the adjacent electrode 16. The
faces 70 confronting the electrode 16 are charged posi-
tively by the electric field 12 extending between the
dielectric surface portion 46 of electrode 16 and the
stator disc 20. While the electric field 12 projects
through the spaces 72 between the rotor segments 68,
the rotor segments 68 themselves shield portions of the
stator disc 20 from the electric field.

The rotor 26 is similarly formed with rotor segments
74 angularly spaced from each other by spaces 76
through which the electric field 14 extends between the
positively charged surface 44 of electrode 18 and the
stator 22. The rotor segments 74 of rotor 26 as shown in
FIG. 2, are provided with dielectric surface portions 78
confronting the internally charged surface 44 of elec-
trode 18. While the rotor segments 74 are negatively
charged by the electric field 14 within the surface por-
tions 78, they also shield portions of the stator disc 22
from the electric field as in the case of the rotor seg-
ments 68 hereinbefore described. The internal dielectric
surface portion 46 of electrode 16 and dielectric surface
portions 78 of rotor 26 act as a stabilizer to prevent eddy
currents and leakage of negative charge. Further, in
view of the electrical connections established between
the rotors and the stator discs, the charge on each stator
is equalized with that of the charge on its associated
rotor.

As shown in FIGS. 2 and 4, the stator disc 20 includes
a plurality of segments 82 to which charges are con-
fined, closely spaced from each other by dielectric spac-
ers 80. The segments 82 are electrically interconnected
with the rotor segments 68 through rotor shaft section
54. Similarly, the segments 84 of the stator 22 are elec-
trically interconnected with the rotor segments 74
through rotor shaft section $6. The stator segments 82
and 84 are therefore also made of electrically conduc-
tive metal. Each of the segments 82 of stator 20 is elec-
trically interconnected through the output circuit 30
with each of the segments 84 of the stator. The stator
discs being fixedly mounted within the housing 48,
centrally mount the bearings 50 and 52 through which
the electrically nonconductive motor shaft section 58 is
journaled as shown in the embodiment of the invention
illustrated in FIG. 2. Further, the total area of the
charged segment surfaces on each of the stator discs is
greater than the total area of the faces 70 or 78 on the
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segments of each associated rotor disc 24 or 26. Accord-
ing to one embodiment, the total charged stator surface
area is twice that of the rotor face area.

According to the embodiment of the invention illus-
trated in FIG. 6, the output circuit 30 includes the two
oppositely poled capacitive circuit networks 38A and
38B connected across each aligned pair of stator seg-
ments 82 and 84 on the stators 20 and 22 by means of the
oppositely poled diodes 32A and 34A. Each of such
capacitive circuit networks includes a capacitor 86, the
opposite sides of which are connected by oppositely
poled diodes 88 and 90 to positive and negative load
terminals 92 and 94 across which a suitable electrical
voltage is established for operating an electrical load.
The diode 88 is connected to the junction 102 between
diode 104 and one side of capacitor 106. The diode 88 is
also connected to the junction between one side of
capacitor 100 and the diode 32A. The diode 90, on the
other hand, is interconnected with the junction 96 be-
tween diode 108 and capacitor 100. Also, diode 90 is
connected to the junction between the other side of
capacitor 106 and the diode 34A. The foregoing circuit
arrangement of capacitive network 38A is the same as
that of network 38B by means of which aligned pairs of
the stator segments 82 and 84 have the electrical poten-
tials therebetween transformed into a lower voltage
across the load terminals 92 and 94 to conduct a higher
load current.

FI1G. 5A illustrates the distribution of charges estab-
lished in the electric fields 12 and 14 between the elec-
trodes and stators under static conditions in which each
of the rotor segments 68 and 74 is positioned in align-
ment with one of the stator segments 82 and 84 to
thereby shield alternate stator segments from the elec-
tric fields. The charges established by the electric fields
arc therefore confined to the faces of alternate stator
segments confronting the electrodes and are equalized
with the charges established on and confined to the
shielding faces of the rotor segments confronting the
electrodes-by virtue of the electrical interconnection
between the rotors and stators as aforementioned. As
depicted in FIG. 5B, when rotation is imparted to the
rotors, the charge linkages established by the electric
fields between the electrodes and alternate stator seg-
ments 82 or 84 are interrupted by the moving rotor
segments 68 or 74 so that previously sielded stator seg-
ments become exposed to the fields to reestablish field
energy linkages with the associated electrodes. Such
action causes electrical potentials to be established be-
tween the stator segments 82 and 84.

It will be apparent from the foregoing description
that the electrostatic energy fields 12 and 14 of opposite
polarity are established maintained between the exter-
nally charged electrodes 16 and 18 and the internally
charged stators 20 and 22 under static conditions as
depicted in FIG. SA. During rotation, the rotors 24 and
26 continuously disposed within such energy fields 12
and 14, exert forces in directions perpendicular to the
field flux representing the energy linkages between
electrodes and stators to cause interruptions and rees-
tablishment of energy linkages with portions of differ-
ent stator segments as depicted in FIG. 5B. Such energy
linkage locational changes and the charge binding and
unbinding actions between electrodes and stators cre-
ates an electrical potential and current to flow between
stators through the output circuit 30. Thus, the output
circuit when loaded extracts energy from the electnc
fields 12 and 14 as a result of the ficld linkage charge
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bindinbg and unbinding actions induced by rotation of
the rotors. The stator segments 82 and 84 shielded from
the electric fields by the moving rotor segments 68 and
74 as depicted in FIG. 5B, have electric potentials of
polarity opposite to those of the external electrodes 16
and 18 because of the field linkage charge unbinding
action. Previously shielded stator segments being ex-
posed to the electric fields by the moving rotor seg-
ments, have the same electric potential polarity as those
of the external electrodes because of field linkage bind-
ing action. Since the forces exerted on the respective
rotors by the electric fields 12 and 14 of opposite polar-
ity act on the common rotor shaft assembly perpendicu-
lar to said fields, such forces cancel each other. The
energy input to the system may therefore be substan-
tially limited to mechanical bearing losses and windage
during conversion of electrostatic field energy to elec-
trical energy as well as electrical resistance losses and
other electrical losses encountered in the output circuit
30.

Based upon the foregoing operational characteristics,
rotation of the rotors in accordance with the present
invention does not perform any substantial work against
the external electric fields 12 and 14 since there is no net
change in capacitance thereby enabling the system to
convert energy with a reduced input of mechanical
energy and high efficiency, as evidenced by minimal
loss of charge on the electrodes. It was therefore found
that working embodiments of the present invention
require less than ten percent of the electrical output
energy for the mechanical input. Further, according to
one prototype model of the invention, a relatively high
output voltage of 300,000 volts was obtained across the
stators. By reason of such high voltage, an output cir-
cuit 30 having a voltage reducing and current multiply-
ing attribute as hereinbefore described was selected so
as to render the system suitable for many practical ap-
plications.

The foregoing is considered as illustrative only of the
principles of the invention. Further since numerous
modifications and changes will readily occur to those
skilled in the ar, it is not desired to limit the invention
to the exact construction and operation shown and
described, and, accordingly, all suitable modifications
and equivalents may be resorted to, falling within the
scope of the invention.

What is claimed is:

1. An energy conversion system including a pair of
electrodes maintained electrostatically charged at sub-
stantially equal potentials of opposite polarity, stator
means mounted in operatively spaced relation to said
electrodes for inducement therein of charges of oppo-
site polarity through electric fields established by said
equal potentials, power driven rotor means continu-
ously disposed within said electric fields for receiving
charged induced by said electric fields, means electn-
cally connecting said rotor means to the stator means
for equalizing of said induced charges therebetween,
field linkage control means for movably shielding the
stator means from the electric fields during rotation of
the rotor means and output circuit means operatively
connected to the stator means for extracting therefrom
an operating voltage in response to movement of said
shielding of the stator means.

2. The system as defined in claim 1 wherein said
stator means includes a pair of axially spaced stator
discs respectively linked electrostatically to the elec-
trodes by said eletric fields, the rotor means including a
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6
pair of rotor discs respectively disposed axially between
the electrodes and the stator discs.

3. The system as defined in claim 2 wherein said field
linkage control means comprises angularly spaced seg-
ments on the rotor discs having charged faces shielding
portions of the stator discs from the electrodes.

4. The system as defined in claim 3 wherein each of
the stator discs includes angularly spaced surface por-
tions confronting the angularly spaced rotor segments
and dielectric means between said surface portions for
confining the induced charges thereto, the surface por-
tions of the stator discs and the charged faces of the
rotor segments being unequal in area.

5. An energy conversion system including a pair of
clectrodes electrostatically charged to substantially
equal potentials of opposite polanty, stator means
mounted in operatively spaced relation to said elec-
trodes for inducement therein of charges of opposite
polarity through electric fields established by said equal
potentials, said stator means including a pair of axially
spaced stator discs respectively linked to the electrodes
by said electric fields, power driven rotor means contin-
uously disposed within said electric fields for receiving
induced charges thereon, means electrically connecting
said rotor means to the stator means for transfer of said
induced charges therebetween, said rotor means includ-
ing a pair of rotor discs respectively disposed axially
between the electrodes and the stator discs and field
linkage control means for variably shielding the stator
means from the electric fields during rotation of the
rotor means, said field linkage control means compns-
ing angularly spaced segments on the rotor discs having
charged faces shielding portions of the stator discs from
the electrodes, each of the stator discs including angu-
larly spaced surface portions confronting the angularly
spaced rotor segments and dielectric means between
said surface portions for confining the induced charges
thereto, the surface portions of the stator disc having
areas twice that of the areas of the charged faces of the
rotor segments and output circuit means operatively
connected to the stator means for establishing an oper-
ating voltage in response to said variation in the shield-
ing of the stator means by the rotor means.

6. The system as defined in claim 5 including a power
shaft assembly on which the rotors are mounted for
simultaneous rotation, said electrical connecting means
being formed by electrically conductive sections of said
shaft assembly.

7. The system as defined in claim 6 wherein the
charged faces of the rotor segments on one of the rotors
is formed by dielectric material within which the in-
duced charges of negative polarity are confined in sta-
ble ion form.

8. The system as defined in claim 7 wherein said
output circuit means includes a pair of dc voltage termi-
nals, a capacitive network, and current blocking diode
means coupling the network to the terminals and to
each of the surface portions of the stator discs for multi-
plying current conducted between the stator discs while
reducing potentials therebetween to a value equal to the
operating voltage across the dc voltage terminals.

9. The system as defined in claim 2 wherein each of
the stator discs includes angularly spaced surface por-
tions confronting the rotor and dielectric means be-
tween said surface portions for confining the induced
charges thereto.

10. The system as defined in claim 9 "wherein said
output circuit means includes a pair of dc voltage termi-
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nals, a capacitive network, and current blocking diode
means coupling the network to the terminals and to
each of the surface portions of the stator discs for multi-
plying current conducted between the stator discs while
reducing potentials therebetween to the operating volt-
age across the terminals.

11. The system as defined in claim 1 including 2
power shaft assembly on which the rotors are mounted
for simultaneous rotation, said electrical connecting
means being formed by electrically conductive sections
of said shaft assembly.

12. The system as defined in claim 3 wherein the
charged faces of the rotor segments on one of the rotors
is formed by dielectric material within which the in-
duced charges of negative polarity are confined in sta-
ble ion form.

13. The system as defined in claim 1 wherein said
stator means and said rotor means respectively have
faces confronting each of the electrodes, and dielectric
surface means coating those of the confronting faces on
which the charges of negative polarity are induced and
maintained in a stable ion form for preventing eddy
currents and charge leakage.

14. The system as defined in claim 1 wherein the
stator means and the rotor means have faces continu-
ously exposed to said electric fields on which the
charges of negative polarity are induced, and stabilizer
means for preventing leakage of the induced charges
through said faces.

15. The system as defined in claim 14 wherein said
stabilizer means comprises dielectric material on said
faces maintaining the negative charges therein in stable
ion form.

16. In an energy conversion system having an elec-
trode of one polarity maintained at an electrostatic po-
tential, a stator and a rotor disposed within an electric
field established between the electrode and the stator by
said potential on the electrode, means mounting the
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8
rotor for rotation continuously within the electric field
and means electrically interconnecting the rotor and the
stator for equalizing electrostatic charges established
thereon opposite in polarity to said one polarity, the
rotor having charged surface means partially shielding
the stator from the electric field for producing an elec-
tric potential on the stator in response to rotation of the
rotor causing movement of the charges established by
the unshielded electric field.

17. The system as defined in claim 16 wherein the
stator includes means for confining electrostatic charges
established to surfaces of greater total area than that of
the charged surface means of the rotor.

18. The system as defined in claim 1 wherein said
stator means is mounted in fixed parallel spaced relation
to the electrodes and said rotor means is rotatable about
a rotational axis perpendicular to said electrodes.

19. In an electrostatic generator having a pair of axi-
ally spaced electrodes with electric fields therebetween
establishing corresponding capacitances, a power
driven rotor and means for electrically interconnecting
the rotor with one of the electrodes of said pair during
rotation of the rotor, the improvement residing in
means fixedly mounting both of the electrodes of said
pair, said electric fields being established and main-
tained by means respectively applying charge produc-
ing potentials of substantially equal and opposite polar-
ity to the other of the electrodes of said pair for cancel-
lation of forces exerted by said electric fields on the
rotor, means mounted by the rotor for partial shielding
of said one of the electrodes from said electric fields and
means responsive to rotation of the rotor for extracting
an output voltage generated on said one of the elec-
trodes by movement of said partial shielding thereof
during maintenance of the corresponding capacitances
established by the electric fields.

L] L

- L] L]
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(571 ABSTRACT

A magneuc motion electrical generator includes an
electrical winding defining a magnetically conductive
zone having bases at each end. the winding including

elements for the removing of an induced current there-
from. The generator further includes two pole magnets,
nchhnvin;nﬁmudnwcondpole.nchﬁmpolem
magnetic communication with one base of the magneti-
cally conductive zone. The generator further includes a
third pole magnet, the third pole magnet oriented inter-
mediately of the first poles of the rwo pole electromag-
pets and in magnetic communication with tbe electro-
magoets, the third pole magnet having & magnetic aus
substantially transverse to an axis of the magnetically
conductive zone, the third magnet having a pole nearest
to the conductive zone and in magnetic attractive rela-
tionship 1o the first polex of the two pole electromag-
pets. in which the first poles thereof are like poles. Yet
further included in the generator are elements for cycli-
cally reversing the magnetic polanifies of the electro-
magnets. Said revering means, through a cychcal
change in the magnetic polarities of the electromagnets.
will cause the magnetic flux lines associated with the
magnetic attractive relationship between the first poles
of the electromagnets and the nearest pole of the third
magnet to correspondingly reverse, causing 3 wiping
efTect across the magneucally conducuve zone, as lines
of magnetic flux swing between respecuve first poles of
the two electromagnets, thereby inducing electron
movement within the windings and thusly genemating a
flow of current within the winding

11 Claims, § Drawing Sheets
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BACKGROUND OF THE INVENTION

current into a conductor.

Members.

would produce a questionable level of performance.

carry-off the induced power from the system.

forth berein is most directly based.
SUMMARY OF THE INVENTION

The invention constitutes an electrical geoerator
comprising an clectrical winding defining a magnetical-
lyconductive zone having bases at each end thereof,
said winding including means for the removing of an
induced current therefrom. The generator further in-
cludes two pole magnets, each having a first and second
pole, each first pole thereof in magnetic communication
with one base of said magnetically conductive zone.
’I‘hemcnlorf\mberincludunhirdpokmmmd
third magnet oriented intermediately of said first poles
ornidrwopohehctmmmdinmpzdccom-
nunicaﬁonwilhniddectmnnpeu.nidthirdpole
magnet having s magnetic axis substantially transverse
10 an axis of said magnetically-conductive zone, said

MAGNETIC MOTION ELECTRICAL GENERATOR

The most relevant prior art known to the inventor
comprises U.S. Pat. No. 4,006,401 (1977) to De Rivas,
entitled Electromagnetic Generator; and U.S. Pat. No.
4,077,001 (1978) to Richardson, entitled Electromag-
netic Converter with Stationery Variable Reluctance

The above reference to De Rivas discloses an electro-
magnetic generator which utilizes a permanent magnet
and inductive means to “alternate by switching” the
flux of the permanent magnet, thereby generating alter-
nating current at the output thereof. Said reference, as
well as Richardson, represent the only known direct
Attempts in the prior art to generate electricity by non-
moving means through the manipulation of the mag-
netic field of a permanent magnet. In De Rivas, induc-
tive means are used for the purpose of “magnetic
switching”. As such, inductive and related heat losses

The above reference to Richardson discloses an “en-
€TgYy conversion system™ in which the flux of the perma-
nent magnet is, as in De Rivas, “shifted” by inductive
means. However, unlike De Rivas, Richardson makes
use of a lamellar core which acts as a bi-stabls magnetic -
valve placed in the proximity of the output windings to

Richardson accurately identifies many key concepts
of power generation by non-moving systems and recog-
nizes the need to optimize geometry, materials, control,
timing and other factors which must be taken into con-
sideration in the efficient generation of power through
the shifting, oscillation and/or rotation of the magnetic
ﬁddofnﬁxedpamnenlml:huponthemch-
ings of Richardson and De Rivas that the invention set

4,904,926
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third magnet having a pole thereof nearest to said zone
and in magnetic attractive relationship to said first poles
of said two pole electromagnets, in which said first
poles thereof are like poles. Yet further included in the

 The present invention relates to a solid-state electri-  generator are means for cyclically reversing the mag-
cal generator having no moving parts in its structure.
More particularly, the instant invention makes use of a
proposed extension of Faraday’s Law, this extension
cmﬁtutaapmpodﬁonmthedrecnhuachngins /
magnetic field, relative to an electrical conductor, will 10 netic attractive relationship between said first poles of
induce an electric field therein, regardless of whether or
nouhemroeortbcmpeﬁcﬁddundcrmphyn'cd
movement. It is, through the presc:: invention, sug-
gested that to generate electric cur+ 4, it is only neces-
sary that a magnetic field move rels:ve 10 a conductor 15 poles of said two electromagnets, thereby inducing
and that, comsequently, it is not necessary that the
source magnet itself move to induce electric field or

netic polarities of said electromagnets. Accordingly,
said reversing means, through said cyclical change in
said magnetic polarities of said electromagnets, will
cause the magnetic flux lines associated with said mag-

sxid electromagnets and said nearest pole of said third
magnet (o correspondingly reverse, thereby causing a
wiping effect across said magnetically conductive zone,
as lines of magnetic flux swing between respective first

electron movement within said windings and thusly
genenating a flow of current within said winding.

It is accordingly an object of the present invention 1o
provide an electric generator having no moving parts
therein.

It is another object of the present invention to pro-
vide an electrical generator making use of both electro-
magnets and pole magnets in which electric current is
induced through the oscillation or rotation of magnetic
flux, while said magnets and electromagnets are kept
stationery.

It is a further object to employ & permanent magnet in
combination with an electromagnet (o intensify current
3o flow obtainable from said electromagnet.

It is a yet further object to provide an electromag-
netic geperator including a permanent magnet as a flux
source in which the magnitude of the generated current
of the generator increases as a function of the frequency

35 of the signals applied to control the motion of the flux
between the permanent magnet and the electromagnet

The above and yet other objects and advantages of
the present invention will become apparent from the
hereinafter set forth Detailed Description of the Inven-

4 tion, the Drawings and Claims appended berewith.

BRIEF TESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of a first embodiment of the
present invention, employing one permacent magnet
45 and two electromagnets.
FIG. 2 is a schematic illustration of a variation of the
embodiment of FIG. 1.
FIG. 3 is a schematic view of a further variation of
the embodiment of FIG. 1.
s0 FIG. 4 is a schematic view of an embodiment of the
structure shown in FIG. 3.
FIG. § is a schematic view of a second embodiment
of the present invention.
FIG. 6 is a schematic view of a third embodiment of
ss the present invention.
FIG. 7 is a schematic view of a variation of the em-
bodiment of FIG. 6.

DETAILED DESCRIPTION OF THE
INVENTION

With reference to the view of FIG. 1, there is shown
an electrical winding 10 defining a magnetically con-
ductive zone 12, said zone having bases 14 and 15 at
each end thereof. Said winding 10 includes means 16

65 and 17 for removing an induced current from said wind-
ing means 10 and carrying said current to an output 18.

Further included in the embodiment of FIG. 1 is a

first pole electromagnet 20 and a second pole electro-

20
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magnet 12, each of said electromagnets having first ends
24 and 26 respectively t.d second ends 28 and 30 re-
spectively. Each of said first poles 24 and 26 are in
magnetic communication with respective first and sec-
ond bases 14 and 15 of said magnetically conductve
zones.

Further included in the present electrical generator iy
a third pole magnet 32, said third pole magnet compris-
ing a permanent magnet Said third magnet is o.lented
with a first end 34 intermediately of said first poles 24
and 26 of said two pole electromagnets 20 and 22, and is
in magnetic communication with said electromagnets.
A magnetic aus defined by the poles of said permanent
magnet 32 is substantially transverse to an axis which is
defined by the geometry of said magnetically conduc-
tive zone 11. The pole 34 of said third magnet 32 is in
magnetic attractive relationship to said first pole 24 and
26 of said two pole electromagnets 20 and 22, in which
said first poles 24 and 26 are like poles and said pole 34
of said permanent magnet 32 is an opposite pole to said
poles 24 and 26.

Yet further provided are means 38 and 40 (shown in
the form of windings) for cyclically reversing the mag-
petic polarities of said electromagnets 20 and 22. Said
control means, through cyclical changing of the mag-
netic polarities of said electromagnets, will cause the
magnetic {lux lines associated with said attractive mag-
petic relatonship between said first pole 24 and 26 of
said electromagnets and said pole 34 of said third and
permanent magnet 32 to correspondingly reverse. This
will cause a wiping effect across said magnetically con-
ductive zone 12, as lines of magnetic flux swing between
respective first poles 24 and 26 of said electromagnets in
a high-frequency reciprocating fashion. This movement
of lines of flux will induce electron movement within
said winding 10, thusly generating a flow of current
within said winding. Accordingly, the power output
from the system of FIG. 1 will be a function of the
strength of said magnets 20, 22 and 32, the number of
current loops within winding 10, and the raie of rever
sal of the magnetic polarities of said electromagnets 20
and 22 by said cyclical reversing means.

As may be appreciated, said :lectrical winding 10
may comprise a helical winding, and said magnetically
conductive zone may comprise a magnet core Or a mag-
netically conductive coating.

Either such core or said winding may commprise a
super-conductive material.

Further, n.ndmunlmcnm!ﬂmdwmycompme
flat spirally-wound elements in which the plane of such
flat spiral elements is transverse to the primary axis of
said electromagnets 20 and 22

Alternatively, said cyclical reversing means may
comprise means for applying an alternating pulsating
DC current at said bases 14 and 15 of said magnetically
conductive surface.

There may be further provided means for magneti-
cally concentrating lines of magnetic flux in said mag-
netically conductive zone. For example, such means
may comprise a pole shoe of a magnet of like polarity to
said pole 34 of said permanent 32, in which such pole
shoe would symmetrically surround said winding 10.

With reference to FIG. 2, it is seen that there is
shown the schematic thereof a variation of the embodi-
ment of FIG. 1, the primary difference therebetween
being the use of solid state means such as a liquid or
semiconductor 11 in lieu of winding 10 and magneti-
cally conductive surface 12. Therein, the lines of mag-
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petic flux will oscillate between first poles of the elec-
tromagnets, through the liquid or semiconductive mate-
rials, thereby inducing electron movement within the
liquid or semiconductor and, thusly, generating a flow
of current therewithin.

With reference to the view of F1G. 3, there is seen a
yet further variation of the embodiment of FIG. 1 in
which said control means for cyclically reversing the
magnetic polarity of said electromagnets comprise an
electromagnetic path between said ends 28’ and 30" of
said electromagnets 20" and 22'. Thereby, it may be seen
that the embodiment of FIG. 3 differs from the embodi-
ment of FIG. 1 only in the provision of a single control
means 44 in lieu of the separate control means 38 and 40
of the embodiment of FIGS. 1 and 2.

With reference to FI1G. 4, there s shown, in sche-
matic view, a further embodiment of the invention of
FIG. 3 in which the basic structure thereof » simply
repeated a multiplicity of times. Therein, permanent
magnetic elements 32" appear to the right of the figure,
and electromagnetic pole elements 24' and 26’ appear
and repeat in sequence, windings 10" and control means
44’ are also sthown therein.

With reference to the embodiment of FIG. §, there is
shown an electrical winding 30 disposed about a sub-
stantially cylindrical magnetically conductive axial sur-
face 52 having bases 54 and 56 at each end thereof. The
winding 50 includes means 58 and 60 for removing an
output current therefrom.

Yet further provided in the embodiment of F1G. S are
two variable reluctance means (VRMs) 62 and 64, one
disposed in magnetic communication with each of said
bases 54 and 56 of said magnetically conductive surface
52

Yet further provided in the embodiment of FIG S are
means for controlling said VRM's 62 and 64 to cych-
cally and axially increase and decrease the reluctance
thereof, such that the reluctance of one VRM is de-
creased while the reluctance of an opposite VRM i
inversely mcreased, and vice versa

Yet further provided in the embodiment of F1G. § are
two permanent pole magnets 66 and 68, each having
like poles 70 and 72 thereof in magnetic communicatnon
with a surface of said VRMs 62 and 64 other than that
surface which is in magnetic communication with one
of said bases 54 and 56 of said magnenically conductive
surface 52. Thereby, the polarity of the magnetc axis of
said magnetic surface of said winding will reverse in
response to cyclical changes in the magntic reluctance
of said VRMs 62 and 64, causing an expansion and
compression of the magnetic axis of said surface 52,
thereby causing magnetic flux to swing between respec-
tive like poles 70 and 72 of said two permanent magnets
66 and 68, this causing electron movement within said
windings 50, and generating a flow of current there-
within.

Said VRMs 62 and 64 may be thought of as magnetic
couplers and decouplers in that they selectively bring
permanent magnet 60 and 68 into and out of the mag-
petic circuit of the embodiment of FIG. §.

It is to be appreciated that said VRMs 62 and 64 may
take many forms, these including electrical coil means
surrounding a magnetic core in which excitation of said
coil will effect a change in the magnetic reluctance of
said core; wafers of superconductive material which, in
a preferred embodiment, will be flat spirally-wound
elements, the plane of such flat spiral elemenns being
transverse to the axis of the magnetic path of travel
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therewithin; and means for cyclically applying a pulsat-
ing DC current at said bases 54 and 56 of said magneti-
cally-conductive surface 52. Also, as in other embodi-
ments, means for magnetically concentrating lines of
magnetic flux about the region of said winding may be
employed. ;

With reference to the embodiment of FIG. 6, the
electrical generator thereof is seen to include an electri-
cal winding 70 disposed about a substantially cylindrical
magnetically conductive surface 72 having bases 74 and
76 at each end thereof, in which said winding means 70
includes means 78 and 80 for removing an induced
current therefrom.

The embodiment of FIG. 6 further includes two vari-
able reluctance means (VRMs) 82 and 84, one disposed
in magnetic communication with each of said bases 74
and 76 of said magnetically conductive surface.

Yet further provided in the embodiment of FIG. 6 are
means for controlling said VRMs 82 and 84 to cycli-
cally increase and decrease the reluctance thereof such
that the reluctance of one VRM is decreased while the
reluctance of an opposite VRM is inversely increased,
and vice versa.

Yet further provided in the embodiment of FIG. 6 are
fwo permanent pole magnets 86 and 88, each having
like poles thereof 90 and 92 in magnetic communication
with one of said bases 74 and 76 respectively of said
magnetically conductive surface 72. As may be noted,
said VRM's 82 and 84 are interposed between said poles
90 and 92 of said first and second permanent magnets 86
88 respectively.

Yet further provided in the embodiment »f FIG. 6 is
a third pole magnet 94 which is oriented intermediately
of said VRMs 82 and 84 and which is in magnetic com-
munication therewith. Said third pole magnet 94 exhib-
its a magnetic axis which is substantially transverse to
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an axis connecting said VRMs. Further, said third mag- -

net 54 possesses a pole 96 thereof which is disposed near
to said windings 70 and which is in artractive magnetic
relationship to said like poles 90 and 92 of said perma-
nent magnets 86 and 88. Accordingly, said VRM con-
trol means, through cyclical changes in the magnetic
reluctance of said VRM's at the bases 74 and 76 of said
magnetically conductive surface, will cause the mag-
netic flux lines associated with the attractive magnetic
relationship between said like poles of said permanent
pole magnets and said nearest pole of said third magnet
to correspondingly couple and decouple, this thereby
causing a wiping effect across said winding as lines of
magnetic flux swing between respective like poles 90
and 92 of said two permanent pole magnets 86 and 83
thereby causing electron movement within said wind-
ing and thusly generating a flow of current therewithin.

With reference to the embodiment of FIG. 7, this
may be seen to comprise an elaboration of the embodi-
ment of FIG. 6 in that the upper and lower hemisphere
of FIG. 7 are scen to symetrically include the same
elements above described with reference to FIG. 6.
However, in the view of FIG. 7, the use of a magnetic
concentrator 98 is also shown. Also, VRM's 82" and 84’
are used. .

It is to be appreciated that the magnetically conduc-
tive surface 72" of F1G. 7 may comprise many materials,
these including such materials as an magneto hydro
dynamic liquid, a super-conducting liquid, a magnetic
coating and a paramagnetic coating.

Further it is to be appreciated that said VRMs may
comprise many materials which, in addition to those
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above noted, may include a bi-metallic solid-state ele-
ment, a curved junction solid-state element, or a field
effect solid-state element.

While there has been shown and described the pre-
ferred embodiments of the present invention, it is to be
understood that the invention may be embodied other-
wise than is herein specifically illustrated and described
and that, within such embodiments certain changes in
the detail and construction, in the form and arrange-
ments of the parts, may be made without departing from
the underlying idea or principles of this invention
within the scope of the appended claims.

Having thus described my invention, what | claim is
new, useful and nonobvious and, accordingly, secured
by Letters of Patent of the United States is

1. An clectrical generator, comprising

(a) an electrical winding defining a magnetically con-
ductive zone having bases at each end thereof, said
winding including means for removing 2n induced
current therefrom;

(b) two pole electromagnets, each having a first and a
second pole, each first pole thereof in magnetc
communication with one base of said magnetically
conductive zone;

(c) a third pole magnet, said magnet compnsing a
permanent magnet, said third magnet onented in-
termediately of said first poles of said two pole
clectromagnets and in magnetic communication
with said electromagnets, said third pole magnet
having a magnetic axis substantally transverse to
an axis of said magnetically conductive zone, said
third magnet having a pole thereof nearest to said
zone and in magnetic attractive relationship to said
first poles of said two pole electromagnets, in
which said first poles thereof are like poles;

(d) control means for cyclically reversing the mag-
netic polarities of said electromagnets,

whereby said control means, through sad cyclical
change in said magnetic polanties of said electromag-
nets, will cause magnetic flux lines assocuated with said
attractive magneuc relationship between said first poles
of said electromagnets and said nearest pole of said third
magnet to correspondingly reverse, thereby causing a
wiping effect across said magnetically conductive zone,
as lines of magnetic flux swing between respecuve first
poles of said two electromagnets, thereoy inducing
electron movement within said winding and thusly
generating a flow of current within said winding.

2. The electrical generators recited in claim 1 which
said path of said wiping effect occurs along the same
aus as a principal axis of said magnencally conductive
z0ne.

3. The generator as recited in claim 2 in which said
electrical winding about said magnetically conductive
zone comprises a helical winding.

4. The generator as recited in claim 3 1n which said
magnetically conductive zone comprises a magnetic
core.

5. The generator as recited in claim 4 in which said
core and windings compnise a superconductive mate-
rial.

6. The generator as recited in claim 2 in which said
control means comprises flat spirally-wound elements,
the plane of such flat spiral elements being transverse to
said primary axis of said electromagnens.

7. The generator as recited in claim 1 in which said
control means comprises an electromagnetic path be-
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tween said second ends of said electromagnets in which indi i i 5
a polarity ! si is appli L cort snd windings comprise a superconductive mate

8. The clectrical generator as recited in claim 7 in ’ .
which said electrical winding about said magnetically 11. The generator as recited in claim 1 in which said
oo;:dTuc.;ve zone compmawldhehcd wu':dmg ki 5 control means comprises flat spirally wound elements,

A generator as recited in claim 8 in which sai . . .

etically e comprises tie the pl‘.f.u ofux? flat s?wd eleme‘-nu being transverse to
core. the primary axis of said magnetic path of travel.

10. The generator as recited in claim 8 in which said LA
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ELECTROMAGNETIC CONVERTOR WITH
STATIONARY VARIABLE-RELUCTANCE
MEMBERS

BACKGROUND OF THE INVENTION

This invention relates to an energy conversion system
having a magnet with spaced-apart poles of opposite
potanty, the magnet being permanently magnetized to
create sa exteroal Gedd having lines of permanent mag-
metic force extending between the poles of the magnet
sad there being am clectrical conductor positioned in
&emw&ﬂ.uswdlhown.dthae

magnetic imes of force, aa electrical voltage will be
induced i the comductor. If the ends of the cunductor
are connected 10 aa electrical load, en ouiput current
will flow through the conductor and load.

" More specifically, the present invention relates to the
manney in which the permanent magnetic field is shifted
by the application of electrical power to the system and
has for its principal object the provision of a new and
novel manner by which dc energy is used to cause a
shifting of the permanent magnetic field so as to induce
an output voitage ard current.

For a given system of such type, the output power
will be a function of the number of imes that there is a
relative movement of the magnetic field and output
condoctor per unit time. The greater the number of
cycles of relative movement per unit time, the greater
will be the power cutput, up to the limit determinec by
the time coastant of the system, ie., the time required
for the voltage to be mduced in response to a sudden
cutting of a conductor by a relatively moving magnetic
held

It = a further object of the invention to provde an
cnergy conversion system capable of operating effi-
Cently st high freqoencies.

SUMMARY OF THE INVENTION

The primary object of the present invention is
achieved by positioning a core member in the magnetic
field of a permanent magnet, the core member being
posticoed in fixed relatios to the magnet and by vary-
ing the magnetic refuctance of the core member at a
coatrolled rate. The changes in magnetic reluctance of
the core member will cause distortions in the permanent
magnetic field so that the pattern of the lines of force
will shift back and forth relative 10 the magnet. An
electrical conductor is also positioned in fixed relation
to the magnet end positioned in the field at a location
therein so that the warpage and shifling of the perma-
pent magnetic lines of force will cut across the conduc-
tor and indoce a voitage therein as the reluctance of the
core s vaned.

More specifically, it bas been realized that unmagne-
tized core members of barium- or strontium- and ferric-
oxide material having a stable lamellar pattern of resid-
sal induced magnetic distribution and a path of least
magnetic relactance across the shortest, or face-to-face,
direction, can be energized by a coil having windings
across its faces 30 that the path of least reluctance ex-
tends in an edge-to-edge direction, the direction of least
reloctance reverting to the suable direction when de-
energized by the coil It has been further realized that
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duce shifiug of the pattern of a permanent magnetic
field.

The utilization of barium- or strontium- and fernic-
oxide material is also advantag=oas in that such material
has excellent high-frequency characteristics, permitting
operating freguencies at the optimum {requency deter-
mined by the ime constant of the system.

Other ohj=cts and advantages wiil be set forth in the
course of the following detailed description.

SRIEF DESCRIPTION GF THE DRAWINGS

In the drawings, forming a pert of this appliason,
and in winch like parts are designated by like refecence
numerals throughout the same,

FIG. 1 illustrates a magnetic core of 2 material having
a lamellar distribution of magnetism:

FIG. 2 is a diagram of the stable magnetic distribution
of the core of FIG. 1;

FIG. 3 is a diagrammatic representation of the effect
of the core of FIGS. 1 and 2 when placed in a uniform
magnetic fleld;

FIG. 4 illustrates the core of FI1G. 1 with an excita-
tion coil wourd ther=around;

FIG. § is .« ciagrmmmatic rtpramuuon of the mag-
netic fie.d of wbe core of FIG. 4 when the excitation coil
is electrically energized;

FIG. 6 is a diagramiaatic representation of the efect
of the core of FIGS. 4 and 5 on 2 uniform magnetic
field;

FIG. 7 is a perspective view of a magnetic generstor
constructed in accordance with the invention and with
the excitation and cutput circuits being shown schemat-
ically;

F1G. 8 is a simplified illustration of the embodiment
of FIG. 7;

FIGS. 9-13 are diagrammatic representations of the
magnetic field of the permanent magnet of F!G. 8 for
difTerent energizations of the excitztion coils;

FIG. 14 s a <mpliied illustration of the embodiment
of FIG. 7, tllus«ln.mg a modification of the output coil;

F1G. 15 is a simplified illustration of the magnetic
generator of FIG. 7 with a keeper ring encircling the
ends of the variable-reluctance members;

FIGS. 16-18 are diagrammatic representations of the
magnetic field of the permanent magnet of F1G. 15 for
differcnt energizations of the excitation coils;

F1G. 19 illustrates, in simplified form, a further modi-
fication of the invention, similar to FiG. 15, but with a
U-shaped keeper ring;

F1GS. 20-22 are diagrammatic representations of the
pattern of the permanent magnetic field for different
energizations of the excitation coils;

F1G. 23 illustrates, in simplified form, a further modi-
fication cf the invention, with separate keeper members;

FIGS. 24-26 are diagrammatic representations of tle
patiern of the permanent magnetic field for differeni
energizations of the excitation coils

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The ordinary stable distribution of magnetism along s
bar is solenoidal, i.e., the molecules of the magnet are
oriented so that the lines of magnetic force extend the
length of the magnet with the lines of force passng
through the surface of the magnet pnmarily at the poles
located at the ends of the bar.

Magnetic matcrials are avalable, however, wherna

such variable relectance property can be used to pro-  the stable distribution of induced magnetism is lamellar,
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with the molecules baving a stable oriestation im 2 &-
rection sach that the kines of force extend through the
shortest direction of the magnet, ic., from face 10 face,
30 that opposed [aces bave opposite magaetic polaritics.

The present invention utilizes the magaetic propertics
of matenials having a lamellar distribution of magee-
tism.

As for example, permanent magnetic CEramic mate-
rial comprised of barium-oxide sad Lon-oxide, or stros-
tium-oxide and iron oxide may be wsed to make magnets
having a iamellar magnetic distribution. For exxmple,
iron-oxide and barium-carbonate are bicwded, pelietized
and calcined iz a rotary gas fursace to furm barram-iroa
axide crystals by chemical reaction at high tempers-
tures. The pellets are thea pulverized and ball milled 1©
mammmmu
in diameter. After dewatering, the particies are pressed
in slurry form. at very high pressare i the direction of
the thickness of the desired shape and im a powerful

i ﬁddwhicanmthpr&bb_lnpﬂi-n

cally orient themselves in the pressed direction. The
pressed” magnet is then dried and natered st tempera-
tures about 2000° F. for several days. The material may
then be permanently magnetized, with a field of at least

10,000 oersteds or 20,000 ampere/turns per mch being 25

required for saturation. The induced magnetism will

have a stable lamellar distribation throogh the shortest

polar direction, from face to face of the magnet.
Permanent magnetic material with a grain orientation

as just described is commercially available, in magne- 30

tized or unmagnetized form, as for exsmple, from Cro-
cible Magnetics Division of Colt Industries, Elizabeth-
town, Kenrucky.

The magnetic behavior of such material is ilfustrated

in FIGS. 1-€ wheiein a magnetic core 10, having a 15

thickness ¢, width w, and length [ is shown, the core 18
having been formed in a manner as described sbove. As
shown in FIG. 2, the individual particles of which the
core 10 is composed sct up a field effect in Lhe directica

of the shortsst polar direction of the core, ie, between 40

the opposed faces 11 and parallel to the side edges 12 of
the core, s indicated by the arrows oa FIG. 2

FIG. 3 illustrates the effect if an unmagnetized core
10 is placed in a uniform magnetic field 13 crested as by

opposed poiarity poles 15 and 16 of permanent magnets, 45

the lines of force of ficld 13 being represented by lines
17. The magnetic reluctance of core 10 is Jess than that
of air and tbe lines of force will pass throagh the core i
the direction of stable magnetic crientation of the core
imposed thercin during manufacture.

If a coil 18 is placed around the core 50 that the axis
of the coil is parallel to the faces 11 of the core and
switch 19 s closed so that the coil is dectrically ener-
gized from battery 20, as in FIG. 4 the current i the

coil will set up 2 magnetic field which will mdoce mag- 55

netic lines of force in the core which extend genenally
parallel to the faces 11 50 that opposed side edges 12 of
the core become the magnetic poles, FIG. S

F1G. 6 llustrates the effect of the core 10 if it is pos-

tioned in magnetic field 13 as in F1G. 3 and the col 15 60

is electrica’ly energized. Again, a number of the lines of
force 14 will extend through the core tut primarily now
in the lesser reluctance direction therethrough of the
lines of force set up by coil 13.

If the cod 15 is now de-energized, by opening switch &3

16, the re<dual field pattern of the magnetism induced
in the core by coil 15 will not remsia in an edge-lo-edge
pattern, but will seck and revert to its pormal stable

4
orientation across the shortest polar direction of the
core, ie., as in F1G. 2 so that the magnetic lines 14 of
field 13 again extend through the core, from face to face
thereof as illustrated in FIG. 3.

Thus, the core 10 with its stable lamellar magnetic
distribution comprises & variable-relactance member in
which the magnetic reluctance from face to face difTers
from the magnetic reluctance from edge to edge and, as
compared thereto, is relatively high or low depending
on whether the coil 15 is electrically energized or de-
energized, respectively.

As is seen in FIGS. 3 and 5, the patiern of the lines of
force 17 of the magnetic feld 13 will shift back and
forth as coil 18 & energized and de-energized. If an
dlectrical comductor 21 is disposed i the field, as shown
m FIGS. 3 and 6, im fixed relation to the poles 15 and 16
and core 10 and extending perpendicularty to the plane
of these figures, ard positioned 10 be cut by some of the
Emes of force 17 as the ficld pattern shifts, a voltage will
be imduced therein by the lines of force each time the
cail is exergized or de-energized.

The principle described above is wtilized m one form
of the present mvention, as illustrated in FIG. 7. In this
in<tance, a permanent magnet 25 is formed of a plurality
of naividual core pieces 26 each having a lamellar
distribution of magnetism and stacked face to face with
adjacent faces being of opposite polarity so that a com-
posite bar magnet s formed having poles of opposite
polarity at the ends 27 and 28 of the bar. The bar magnct
is permanently magnetized and, if the core material is
barium- and ferric-oxide, a residual permanent magne-
tism in the order of 2950 gauss (lines per square inch)
may be induced therein. Merely by way of illustration,
the msgnet 25 may be made of core pieces 26 each being
ooc inch thick, two inches wide and cight inches long,
30 that the magnet after magretization will have a resid-
wal magnetism in the order of 63,000 gauss. Core pieces
of barium- or strontium- and ferric-oxide are preferably
used in the formation of the permanent magnet 25 be-
cause of the low hysteresis losses at very hign frequen-
cics, for the reasons set forth more fully below.

Variable-reloctance members 29, 38, 31 and 32 are
disposed at the ends of the bar magnet 25. Each of these
members may be made of two core pieces, e-g., 29a and
294, each having a lamellar distribution of magnetism,
plased face to face against each other. The side edges 33
of the core pieces are formed at an angle to the faces 34
of the core pieces so that the side edges 33 will be flush
against the sides of the bar magnet, with no air gap
therebetween, with the faces 34 of the core pieces being
inclined st an angle to the longitudinal axis of the bar
magnet. The side edges 35 of the core pieces opposile
from the side edges 33 will thus be disposed away and
outwardly from the bar magnet 25. The core pieces of
these variable-reluctance members are unmagnetized.
Although the members 29-32 are il'ustrated as made up
of two core pieces, a single piece, or more than two may
be used. Preferably the cross-sectional area of the cores,
in a planc pormal to faces 34 is the same a3 the cross-sec-
ticoal area of the bar magnet 25.

Coil 39 is disposed around varisble-reluctance mem-
ber 29, with the axis of the coil being parallel to the
planes of the faces 34 of member 29, the coil baving a
suitable pumber of turns to produce the desired amount
of magnetic induction of the member 29 when supplied
with electrical current. Coils 40, 41 and 42 are similarly
associated with variable-reluctance members 30, 31 and
32, respectively.
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A senies of direct current, e.g., battery 43, s con-
nected by switch 44 to a variable frequency oscillator 46
whose frequency may be adjusted as desired. The out-
put of the oscillator s fed to fhip-flop 47 so that the Q
and Q oatputs thereof will change at a rate dependent
on the frequency of the oscitlator. The Q and Q outputs
are applicd to the bases of power transistors 48 and 49 so
that these transistors will conduct alternately. When
swilch 44 is closed and transistor 48 is conducting, cur-
rent from bartery 43 will flow through switch 44, line
51, coil 40, line 52, cail 41, line 53, diode 54 and transis-
tor 48 back 10 the bantery. If trammsior 49 1s conducting,
current will flow through kne 55, coi 30, line 56, coil
&2, Ene 57, diode 58 and tramsistor 49 back to the bat-
tery. Diodes 54 aad 53 are provided (o protect transis-
tors 54 and 58 from the mductive reactance of the coils
when they are de-encrpzed. Adjusunent capacitor 61 s
connected between imes 51 and 52, Le, acrom the -
doctance of coil 48, 30 that the carcuit can be tuned for
resonance and maximmm efficiency at the desired fre-
quency of operation. Adjustment capacitors €2, 63 and
64 are similarly associated with coils 40, 41 and 42. The
windings of coils 3942 are wound in a direction so that
the magnetic field created by energization thereof will
aid the magnetic field of permanent magnet 25 to avoid
degaussing of the magnet in operatior.

Cwutput coils, for example coils 65 an d 66 connected in
parallel with each other, will generate an alternating
current at the frequency of oscillator 46, which is fed by
lines 67 and 68 to rectifier 69 to convert the ac. output
to d.c, the output being fed to a fixed frequency in-
verter 70, which supplies pulsating d.c. current, e.g., at
60 cycles per second, to primary 71 of transformer 72
The secondary 73 will then deliver ac. currest st the
desired voltage and frequency to load 74. Adjustable
tening capacitors 76 and 77 are comnected across outpat
coils 65 and 66

The operation of the system of F1G. 7 is illustrated in
FIGS. 8-11, FIG. 8 being a simplified diagram of the
FIG. 7 system not including the output coils, and with
transrstors 48 and 49 beicg represented by switches 48°
and 49" respectively.

With both switches 48 and 49 open, no er ~—izing
current will be supplied to any of the coils 3982 g :he
only magnetic field present is the field produced
residual magnetism of permanent magnet 25. The
tern of this field is illustrated in F1G. 9. Since the edge-
to-edge magnetic reloctance of the members 29-32 s
less than the face-to-face reluctance when the coils are
de-cnergized, the lines of force in the field external to
magnet 25 will extend primarily from and between the
pole ends of magnet 25, and will extend through the
members 29-33 generally perpendicular to the faces 34.
Since the faces of members 29-33 are inclined to the
Jongitudinal axis of magnet 25 5o that the faces are sub-
stantially perpendicular to the lines of force, substan-
tially the same pattern of the lines of force will exist
whether the members 29-33 are present or not. Al-
though the flux concentration will be greatest at the
ends of magnet 25, considerable lines of force will pass
through the surface of magnet 25 along the length
thereof. The number of hines of force present in the
external field will, of course, equal the number of lines
of the residual magnetic force nduced in the magnet by

Il switch 48" s now closed, coils 39 and 41 will be
simultancously energized, and the current in the coils
will mduce a magnenc Nicld in members 29 and 31 suffi-

cient 1o change the edge-to-edge magnetc reluctance so0
that it is less than the face-to-face reluctance. As 2 re-
sult, the lines of force m magnet 28 will extend throegh
magnet 25 and edge-to-edge through members 29 and
31 so that the side edges 35 of members 29 and 35 be-
come the main poles of the magnet. In a sense, it cxz Se
said that energization of coils 3 sad 41 has changed the
physical shape of the magnet to displace its ends so t=at
the axis of the magnet is now a lise drswn between the
ends 35 of members 29 and 31. The shift of the mazoet
axis produces a consequent shift m the external fieid as
illostrated in FIG. 1. As seen, the faces of de-enerp==d
varibic-refuctance members 30 and X2 sre still gemer-
ally perpendicular 10 the external lines of force and toms
produce hittie distortion of the shifted field pattern

If switch 4%’ is reopened and switch 4 i left open,
the de-cnergization of coils 3 and 41 will allow the
rendual magnetism in members 29 aad 31 to restore 1o

~ stable lamellar face-to-face distribetion 30 that the per-
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manert magnetic ficld of magnet 25 shifts back o the
pattern of FIG. 9.

Closure of switch 49" will energize both coils 40 xnd
42, causing a shift of the permanent magpetic field in the
opposite direction, as illustrated in FIG. 11 Reopemmg
of switch 49" allows the field 1o restore to the patters of
F1G. 9.

Thus, as switches 48" and @ are alternately closed
and opened, the pattern of the magnetic ficld will s&uft
back and forth refative 10 the cester of magnet 25, in
substantially the same manner as if magnet 25 were
physically oscillsted about its center.

The output coil or coils shoald be located relative to
magnet 25 50 that the maximum sucber of lines . f=~=ce
will cut the windings of the coil durmg the abowe-
des-ibed shifting of the fieid. Although the sequential
excitation of coils 29-33 will creste additive magaenic
lines of force and thereby generate some output current
in the output coils by mutual inductance or transformer
action, the primary generation of owtput current will be
caused by the shift of the lines of force of the permanent
magnetic fickd relative to the ocutput coll windings.

The shift of the ficld will depend 10 some extent oa
the angle of inclination of the variable-reluctance mem-
bers to the longitodinal axis of megnet 25. Results show
that the optimum angle is at abowt 45° , but the incima-
Tian can be varied i therefrom aad still pro-
duce a usable field shift.

The power outpat from the system will depend opon
the number of lines of force cutting the output coll
windings per unit time, and will incresse as the rate of
shifting of the field increases. For a given system, the
power output has an upper limit determimed by the tzne
constant of the system, the time constant for magnesic
circuits being conventionally defined a5 the time taken
for the output to rise to 63% of its final value whea 2
sodden magnetic excitation is applied The time con-
stant will depend on all of the parameters of the sysz=m
involved. For systems as described herein, the maxi-
mum frequency of operation may range from 1600
Mummumhmmﬁrlﬁ\u
system, the theoretical power output can be increased
by incressing the frequency of ficld shifting watil the
uppulimilhmched.lmrmin;lh:frwbeymd
that Yimit will result in a decreasiag output since the
Sysiem cannot respond that quickly.

Anincruncinfrq\mcyo(optnﬁmvinm
increase the power losses, primarily bysteresis loses.
The use of barium- or strontium- aad ferric-oxide mase-
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ral s particularly suitable in the present invention be-
cause of the very low power loss therein at high-fre-
quency operation.

To optumize performance of the present invention,
the oscillator 46 should be set to oscillste at a frequency
related to the time constant of the system, and the ad-
Justable capacitors 61-64 and 76 and 77 should be
trimmed 50 that we coils will resonate at that frequency.
Although direct current is applied 10 the excitation coils
3541, the output voltage and current from coils 65 and
&6 will be ahternating since it is produced by the resul-
tant back-end-forth shifts of the magnetic field The
frequency of alternation of the output will be the same
3 the frequency of the oscillator 46 and hence the use of
rectifier € and inverter 70 to reduce the frequency toa
standard value for operation of the load 74 which may
be resistive, mductive or capacitive in nature.

It is apparent, from a ccusideration of FIGS. 8-11,
that vaniable-reluctance members 30 and 32 could be
eliminated In such case alternate but simultaneous ener-
gization and deenergization of coils 39 and 41 would
cause the permanent magnetic field to shift back and
forth from the patterns illustrated in FIGS. 9 and 10.
Similarly, if members 30 and 32 were eliminated, a shift
of the permanent magnetic field could also be produced
by energining and de-energizing coil 39 and then coil 41.
Further, if only one variable-reluctance member, eg.,
member 29, were used, alternate energization and de-
encrgization of its coil would create some shift of the
pcrmanent magnetic field. In each instance, however,
the degree of field shift would decrease substantially as
compared t0 a system wherein four variable-reluctance
members are used.

In the four variable-reluctance members described
above, excitation coils on opposite sides of the permas-
pent magnet were simultaneously energized. If desired,
bowever, coils 39 and 42 could be simultaneously ener-

gized, while leaving coils 40 and 41 de-energized. In-

such case the pattern of the lines of force in the perma-
pent magnetic field would shift to a pattern as illustrated
in FIG. 12 Deenergization of coils 39 and 42 would
restore the field to the FIG. 9 position and subsequent
encrgization of coils 40 and 41 would cause the field 1o
shift 1o the pattern illustrated in FIG. 13. Again, the
lateral shifting of the lines in the field can be utilized to
cut the winding of the output coil and generate an out-
put voltage as a result. For example, a toroidal output
coil 75 baving a plurality of windings wound around
magnet 25 from close to the magnet to a considerable
distance therefrom (FIG. 14) will intercept substantially
all of the permanent magnetic lines of force as they shift
back and forth.

A modification of the invention is illustrated in FIGS.
15-18. In this case, the permanent magnet 25 ard varia-
ble-reluctance members 29-32 are arranged as in FIG.
7, each member 29-32 having one of the coils 3942
associated therewith. A keeper ring 80 extends around
and joins the ends of the variable-reluctance members
29-32, ring 80 being in physical contact with the ends of
members 29-32 3o that there is po air gap therebetween.
Preferably be ring 80 is built up of bars or plates of
enmagnetzed material of the same compcation and
magnetic propertics as those of the vanable-reluctance
membery, the bars or plates being disposed in edge-lo-
edge or face-to-face relationship around the nng. The
cross-sectional area of the keeper nng s preferably the
same as that of the vaniable-reluctance members and the
bar magnet Barium- or strontium- and fernc-oxide
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material is again preferred becanse of its kigh-frequency
characteristics.

When both switches 48" and 4% are open, the pattern
of the permanent magnetic field will be as illustrated in
FIG. 17. With the coils de-cnergized, the path of least
reluctance through members 29-12 is from face to face.
Very hittke of the magnetic flux passes throwgh members
29-32 o0 the ring 80 and the effect is a8 if the ring s
spaced from magnet 25 by s substantiel sir gzp. Thus,
cven though the edge-io-edge reluctance of the ring
clements s considerably less tham that of air, the great-
est samber of the external limes of megaetic force will
be im the region between ring 80 snd magmet 25, al-
thoagh some will exicad through ring 80

H switch 4% is closed, coils 39 sad 41 will be ener-
gized camsing the edge-lo-edge relactance of members
29 xad 31 to be less than their face-to-face reluctance, 30
that the ends of these members in effect become the
poics of the magnet. Since the ring 30 is in contact with
the ends of variable-reluctaace members 29 and 31 with
o high-reluctance gap therebetween, zad since the
magnetic reluctance of the ring elements is much less
than that of air, a low-reluctaace path s formed be-
tween the effective poles of magnet 28 As 3 conse-
quence, substantially all of the magnetic knes of force
shift from the pattern of F1G. 17 aad extend throagh the
low-retuctance keeper ring.

If switch 48" is opened, coils 3 sad 41 are de-ener-
gized so that the residoal magretism of members 29 and
31 again restore to a lamellar face-to-face distribution
and the magnetic field shifts back to the pattern of FIG.
17. Closure of switch 49 camses coils 40 and 42 10 be
energized so that the magnetic field pattern shifts again
to the position illustrated in FIG. 18

The et cffect is the same as physically moving a
low-reluctance keeper into and out of engagement with
the ends of a magnet. As will be apparent from a consid-
cration of FIGS. 16-18, in order for the lines of mag-
netic force to shift back and forth from the keeper ring
80 1o the cavity between the ring and magnet 25 so that
the lines of force will cut the windings of outpat coil 81,
which may be a single codl, a3 illostrated im FIG. 15, it
is necessary to de-cpergize one set of coils before ener-
gization of the other set 30 that the fickd pattern can
restore to the FIG. 17 pattera.

It s abso apperent, from a comsideration of FIGS. 16
and 18, that the direction of the Kacs of magnetic force
in the ends 82 and 83 of the keeper ring & different,
depending upon which set of coils 3 and 41 or 40 and
42 is coergized. As a consequence ootput coils 84 and 85
could be wound around these ends of the keeper ring to
be encrgized by the flux reversal in s cycie of operation,
even if switches 43° and 49’ are operated im such manner
that the switches are opened altermately bet only
opened if the other is closed, ie, if the Held pattern
shifts back and forth between the pattern of FIGS. 16
and 18 without restoring to the pattera of FIG. 17.

FIGS. 19-22 illustrate another modification of the
invention, similar in design to the embodiment of FIG.
15, but differing therefrom m that keeper 90 s U-
shaped, with legs 91 and 92 counecied oaly st ead 93.
FIGS. 21, 20 and 22 illustrate the pattern of the mag-
neiic fieid of permanent magnet 25 whes both switches
48" and 4 are open, when swiich 45 m closed, and
when switch 49 is closed, respecuvely. Since kecper 90
docs oot connect directly between varmble-reluctance
members 31 and 32, the full magnetic Mux extending
through members 31 or 32, depencing om whach set of

B o —




4,077,001

9
coils is energized, will extend through keeper leg 92 or
91, respectively.

As in the other embodiments, the output coil or coils
will be disposed in fixed relation to the magnet 25 and
positioned 50 that the windings are cut by the shifting
magnetic lines of force. FIG. 19 illostrates an arrange-
ment wherem two output coils 94 aad 95 are utilized,
these coils bemg wound around the legs 91 and 92,
respectively, of keeper 90. The output coils are illus-
trated as being electrically connected in parallel, al-
though they could be series-coanected or have indepen-
dent outpats. When electrically connected together, the
outp'xt colls are commected together with due regard for
the polarity of the induced voitages 3o that the voltages
do not oppose each other.

In both of the embodiments of FIGS. 15 and 19,
wherein a keeper is wsed, the external magnetic field of
magnet 25 shifts back and forth from a high-reluctance
path, ic, the mr cavity between the keeper and magnet
1S, as illustrated in FIGS. 17 and 21, and a Jow-reloc-
tance path through the keeper, as illustrated in FIGS.
16, 18, 20 and 22 Although the reluctance of the exter-
nal magnetic circmit thus vanes, the permanent mag-
netic flux of magnet 25 does not vary. Likewise, the
number of lines of permanent magnetic force in the
external magnetic circuit, which equals the number of
lines in magnet 25, remain the same. As a consequence,
the output is directly related to the degree of permanent
magnctization of magnet 25 and the positioning of the
output coils n the external field so thet the windings
thereof are cut by the shifting patterr. of the constant
number of permanent magnetic lines of force. The exci-
tation coils, 3342, wound in a direction to aid the per-
mancnt magnetic force will provide a variable magnetic
field as the coils are energized and deenergized, in addi-
ticn to the permanent field so that the total flux in the
pcrmanent magnet and in the external magnetic circuit
will increase from the permanent magnetic flux to a
high value and the decrease to the permanent magnetic
flux. This variable magnetic field produced by the exc-
tabon coils alo coatributes to other output through
mutual mduction.

FIGS. 23-26 illustrate another modification of the
imventon wherein the permanent magnet 25 has rela-
tively broad end pole faces and wherein the variable-
reluctance members 29-31 are positioned with their side
edges against the end pole faces of magnet 25 3o that the
loagitudinal axis of magnet 25 is parallel to the faces of
the variable reluctsnce members 29-32. A first U-
shaped keeper 95 extends from member 29 to member
32 with the keeper legs 96 and 97 being in contacting
engagement with the ends of members 29 and 32 A
second U-shaped keeper 98 is similarly positioned with
its kegs 99 and 100 contacting variable-reluctance mem-
bers 30 and 3L

With switches 48° and 49’ both open, the permanent
magnetic ficld of magnet 28 will be as illustrated in FIG.
25. When switch 48" is closed, coils 39 and 42 will both
be epergized, providing a low-reluctance path to keeper
95, %0 that the magnetic ficld of magnet 25 shifts to the
patiern illustrated in FIG. 26. Sumilasly, if switch 48" is
open and swiich 49 is closed, the pattern of the mag-
nctc field of magnet 25 will shift to the pattern illus-
trated in FIG. 24.

As lustrated in FIGS. 24-26, the magnetic lines of
force of magmet 25 will shift back and forth across the
end (aces of magnet 25 as the switches 48" and 49 are
ahernately closed and opened. Output coll 101 may be
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wound around magnet 25 30 that the coil windings will
extend across the ead faces of the magnet and be cut as
field shifts back and forth across the ead faces.

In all of the described embodiments, the varisble-
reluctance members and their excitation coils and the
output coils are all positioned m fixed relation to the
permanent magnet so that there is w0 mechanical mo-
Boa of any of the compoanents. As a consequence, no
mechanical losses are present Further, with no me-
chanical movement of the componests, and with the
switching of the excitation cous being performed elec-
My.heiuw'mdlhemmpo-

tending from pole to pole of said magnet means,

b variahle-reluctance means for shifting the pattern
of said lmes of force, said variable-reluctance
means having a relatively low magnetic reluctance
in one direction therethrough when electrically
encrgized and a relatively high magnetic reluc-
tance in said one direction therethrough when
electrically de-cnergized, said variable-reluctance
means being disposed in said permacent magnetic
ﬁddl.ndhlﬁudrdnimtoaidpﬂ'mnmtmyxet
means, sxid variable-reluctance means comprising
at least one unmagnetized but magnetizable core
baving spaced-apart faces and side edges extending
between said faces, the distance between said faces
being the least distance through said core, said core
baving a lamellar distribution of magnetism from
face to face thereof when magnetized,

¢ means for cyclically electrically energizing and
de-cnergizing said variable-reluctance means and
including an electrically conductive excitation coil
means surrounding said core, the plane of said coil
means bang substantially inclined relative to the
planes of said faces,

d. electrical conductor means disposed in said perma-
pent magnetic field i fixed relation to said perma-
pcnt magne! means and having at least one conduc-
tor positioned to be cut by lines of magnetic force
in said field during a shift in the pattern of said lines
of magnetic force.

1 Apparatus as set forth in claim 1 wherein said core
is composed of pressed and sintered barium- or stronti-
um- and iron-oxide particles.

3. Apparatus as set forth in claim 1 wherein said core
has spaced-apart and opposed side edges one of which is
adjacent ococ of the poles of said permanent magnet
means.

4 Apperatus as set forth in claim 3 wherein said one
side edge of said core is in physical engagement with
said permancent magnet means and the opposed side
edge © spaced away from said permanent magnet
means.

5. Apparatus as set forth i claim 4 wheremn said faces
of said core are inclined outwardly from & line extend-
ing through 1aid permanent magnet means from pole to
pole thereol

6. Apparatus as set forth in clazm 1 wherein said per-
mancnl magnet means comprises an elongated bar with
the magnetc poles bemng at the ends of said bar.




4,077,001

11

7. Apparatus as set forth in claim 6 wherein said core
has spaced-apart and opposed side edges one of which s
in physical engagement with said permanent magnet bar
and adjacent one of the poles thereof and the opposed
nde edge 5 spaced away from said permanent magnet
bar, and wherein said faces of said core are inclined
outwardly from a line extending through said perma-
pent magnet bar from pole to pole thereof.

8. Apparatus as set forth m claim 7, wherein said
permanent magnet bar comprises a plurality of perma-
nently magnetized cores each having spaced-apart faces
and side edges extending between said faces, the dis-
through szid core, said cores each having a stable lamel-
lar distribution of magnetism from face 10 face thereof,
said cores being stacked face to face with faces of oppo-
site magnentc poianty adjpcent each other.

9. Apparatus as set forth m claim 8 wherein the cores
of said permanent magnet bar and said variable-refuc-
tance means are composed of pressed and siatered bari-

10. Apparatus as set forth in claim 1 wherein said
permanent magnet means is in the shape of an elongated
bar and the magnetic poles are at the ends of said bar,
and whermin said variable-reluctance means includes a
second uomagnetized but magnetizable core having
spaced-apart faces and side edges extending between
said faces, the distance between said faces of said second
core being the least distance through said second core,

15

said second core having a stable lamellar distribution of 30

magnetism from face to face thereof when magnetized,
and wherein said means for energizing said variable-
reluctance means includes a second electrically conduc-
tive excitation coil means associated with and surround-
ing said second core, the planes of the faces of said
second core being substantially inclined relative to the
axis of said second coil means, said cores being spaced
from each other and each core having a side edge
thereof in physical engagement with said permanent
magnet bar and adjacent a magnetic pole thereof.

11. Apparatus as set forth in claim 10, wherein said
permanent magnet bar comprises a plurality of perma-
pently magnetized cores each having spaced-apart faces
and side edges extending between said faces, the dis-
tance between said faces being the least distance
through said core, said cores each having a stable lamel-
lar distnibution of magnetism from face Lo face thereol,
said cores being stacked face to face with faces of oppo-
silc magnetic polarity adjacent each other.

12. Apparatus as sct forth in claim 10 wherein said
cores of said vaniable-reluctance means are disposed
adjacent the same magnetic pole of said permanent
magnet.

13. Apparatus as set forth in claim 12 wherein the
faces of both of said cores of said vanable-reluctance
means are inclined outwardly from a line extending
through said permanent magnet bar from pole to pole
thereof.

14. Apparatus as set forth in claim 10 wherein sad
cores of said vanable-reluctance means are disposed
adjacent opposite magnetic poles of said permanent
magnet

15. Apparalus as set forth in claim 14 and further
mcluding a kecper means spaced from said permaoent
magnet and having s low magnetic reluctance, said
keecper means being in phyiical engagement with and
extending from a side edge of one of said ~ores 10 a side
edge of the other of 1aid cores
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16. Apparatus 83 set forth in claim 15, wherein said
permanent magnet comprises a plorality of permanently
magnetized cores each having spaced-apart faces and
side edges extending between smd faces, the distance
between said faces being the least distance through said
core, said cores each having a stable lamellar distribu-
tion of magnetism from face 10 face thereol, said cores
being stacked face to face with faces of opposite mag-
petic polanty adjacent each other, and wherein the
cores of said permanent magnet and said variable-reluc-
tance means and szid keeper means are composed of
pressed and sntered barium- or strontium- and fernic-
oxide particles.

I7. Apparatus a3 st forth in claim 14 wherein the
faces of both of said cores of said varniable-refuctance
meams are mclised outwardly from a line extending
through said permanent magnet bar from pole to pole
thereol

I8. Apperstus as set forth in claim 17 wherein both of
said cores are disposed on the same side of a line extend-
;ﬁﬁv@nﬁmtmﬁmp& o pole

19. Apperatus ss set forth in claim 17 wherein said
cores are disposed on opposite sides of a line extending
through said permanent magnet from pole to pole
thereol.

20. Apparatos as set forth m claim 1 wherein said
permanent magnet means is in the shape of an elongated
bar and the poles of said magnet are at the ends of said
bar, and wherein said variable-reluctance means in-
cludes three additional unmagnetized but magnetizable
cores each having spsced-apart faces and side edges
extending between said faces, the distance between said
faces of said additional cores being the least distance
through a core, each additional core having a stable
lamellar distribotion of magnetism from face to face
thereofl when magnetized, and wherein said means for
energizing sxid variable-reluctance means includes an
additonal electrically conductive excitation coil means
associated with snd surrounding esch said additional
core, the planes of the faces of each additional core
being substantially inclined relative to the axis of the
coﬂmnmmmdlbcrewilhuidcorabdngspmd
from each other and esch core having a sde edge
thereof m physical engagement with said permanent
magnet and adjacent a magnetic pole thereof.

21 Apparatus a3 set forth in claim 20, wherein said
permanent magnet comprises a plurality of permanently
magnetized cores each having spaced-apart faces and
sidc edges extending between said faces, the distance
between said faces being the least distance through said
core, said cores each having a stable lamellar distribu-
tica of magnetism from face to face thereof, said cores
being stacked face to face with faces of opposite mag-
netic polarity adjacent each other.

22 Apparatus a3 set forth in claim 20 wherein two of
sad cores of said variable-reluctance means are dis-
posed adjacent the other of the poles of said permanent
magnet.

23. Apparatus as set forth in claim 22 including a
kecper means spaced from said permanent magnet and
having a low magnetic reluctance, said keeper means
being m physical engagement with and extending from
the sade edges of the cores at one of the poles of said
magoct to the side edges of the cores at the other of the
poles of said magnet

24 Appenatus as set forth in claim 23 wherein said
kecper means comprises a first keeper portion extending

—
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directly betaeen one of said cores at one of said magnet
poles to one of said cores at the other of said magnet
poles and a second keeper portion extending directly
between the other cores at the poles of said magnet.

25. Apparatus as set forth in claim 24 wherein said
keeper mexns inclodes a third keeper portion extending
directly between the cores at one of the poles of said
magnet

26 Appanatus s set forth in clarm 26 wherem said
keeper means inciudes a fourth keeper portion extend-
ing directly between the cores at the other of the poles
of saxd magnet.

Z7. Apparatms as set forth in claim 23, wherein said
permanent magnet comprises a plurality of permanently
magnetized cores each having spaced-apart foces and
side edges extending between smd faces, the distance
between snid faces being the least distance through said
core, smd cores each baving a stable lamellar distribu-
tion of magnetism from face 1o face thereof, said cores
being stacked face w© face with faces of opposite mag-
petic polarity adjacent each other, and wherein the
cores of ssd permanent magnet and said variable-reluc-
tance means and saxd keeper means are composed of
pressed and sintered barium- or strontium- and ferric-
oxnde particles.

28 Apparatos as sct forth in claim 22 wherein all of
said cores are disposed with the faces thereof inclined
outwardly from a hne extending through said perma-
nent magnet from pole to pole thereof, two of said cores
being on one side of said line and two of said cores being
on the other side of said line.

29. Apparatus s sct forth in claim 28 wherein said
coils zssociated with cores on the same side of said
pcrmanent magnet are electrically connected for simul-
tancous encTgIzabon.

30. Apperatus as set iorth in claim 28 wherein a coil
associated with a core at one pole and at one side of said
permanent magnet s electrically connected for simulta-
Deous encrgization with a coil associated with a core at
the other pole and on the opposite side of said perma-
pent magnet.

31. Apparatus as set forth in claim 1 wherein said
variabe-reloctance means includes a second unmagne-
tized but magnetizable core having spaced-apart faces
and side edges extending between said faces, the dis-
tance between said faces of said second core being the
least distance through said core, said second core hav-
ing a stable lamellar distribution of magnetism from
face-10-face thereof, one of said cores having a side edge
thereof m phyrical engagement with said permanent
magnet means adjacent one pole thereof and the other
of said cores having a side edge thereof in physical
engagement with sadd permanent magnet means adja-
cent the oter pole thereof, and wherein said means for
encrgizing said vanable-reluctance means includes an
excitation coil means associated with said second core,
each said coil means including a plurality of windings
wound around the core associated therewith with the
axis of saxd windings being substantially inclined from
the faces of the core, and wherein said means for ener-
gpining said variable-reluctance means further includes a
source of direct current, a switching means, excitation
circuit means clectrically connecting both of said exci-
tabon coill means to sad source of direct current
through said switching means, and oscillator means for
closing and opening suid switch means at a predeter-
mned frequency.
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32 Apperatus as set forth in claim 31 and further
ircluding means associated with said excitation coil
means for tuning said excitation circuit means to reso-
nance at the frequency of saal oscillator.

33. Apparatus as set forth in claim 31 wherein said
conductor means comprises an output coil kaving a
plurality of windings, and further ncluding output cir-
cuit means connected to said outpal coil, sud output
circui! means inclading 2 rectifier means connected for
converting alternating current output of said output coil
10 a direct current output and mverter means for con-
vertng saxd direct currenl output tu am alternating cur-
rent outpat of predetermined frequency mdependent of
th:&q_ydnllu:ﬂlm

34. Apparatus a3 sct forth in claim 33 and further
incinding mesns ssociated with smd excitanon coil
means for tming said excitation Greut mesns 1o reso-
mance at the frequency of said oscillator and further
tuning said outpet circuit mesns 10 resonance at the
frequency of sad oscillator.

35, Apparatus as set forth in claim 31, wherein said
permanent magnet means comprises a phurality of per-
manently magnetized cores each baving spaced-apant
faces and side edges extending between said faces, the
drstance between said [aces being the least distance
through said core, said cores each having a stable lame}-
lar distribution of magnetism from face-to-face thereof,
said cores being stacked face-.o-face with faces of oppo-
site magnetic polarity adjacent each other to form an
elongated bar

36. Apparatus as set forth in claim 31 and further
including a keeper means spaced from said permanent
magnet mezns and having a low magnetic reluctance,
said keeper means extending from side edge of one of
said variable-reluctance cores to the side edge of the
other of said variable-reluctance cores.

37. Apparatus as set forth in claim 36, wherein sad
permanent magnet means comprises a plurality of per-
manently magnetized cores each having spaced-apart
faces and side edges extending between said faces, the
distance between said faces being the lkeast distance
through said core, said cores each having a stable lamel-
lar distribution of magnetism from [ace-to-face thereo,
said cores being stacked face-to-face with faces of oppo-
sitc magnetic polarity adjacent each other to form an
elongated bar magnet, and wherein said keeper means
and said cores of said variable-reluctance means and
1aid cores of said permanent magnet are composed of
pressed and sintered barium- or strontiom- and fernc-
oxide particles.

38 Apparatus as set forth in claim 37 and further
including means sssociated with said excitation coil
means for tuning said excitation circuit means to reso-
nance at the frequency of said oscillator.

39. Apparatos as set forth in claim 37 wherein said
conductor means comprises an output cod having a
plurality of windings, and further including output cir-
cuil means coanccted to said output codl, said output
circuit means incloding a rectifier mesns connected for
converting alternating current oatput of saxd output coil
o a direct current output and mverier means for con-
verting 13id direct current outpet to an ahernating cur-
rent output of predetermined frequency mdependent of
the lrequency of said oscillator.

40. Apparatus as sct forth ia cleim 39 and further
including means associated with said excitation codl
mexns for tuning said excitation circunt means o reso-
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nance at the frequency of said oscillator and further
includin;mammodntadwithmdoutpmmilfot
funing said output circuit means 0 resonance at the
frequency of said oscillator.
41.Appnmmnsetfonhhdnhnlwher=hnid

unmagnetized but magnetizable cores each having
spaced-apart faces and side edges extending between
said faces, the distance between aaid faces of said addi-
lionﬂcmubdngtrnlandbnncelhmghnidm
s2id sdditional cores each kaving a stable lamellar distri-
bution of magnetism from face-io-face thereof, two of
the four cores being spaced apart from each other and
each having a side edge thereof in pbysical engagement
with said permanent magnet mesns adjacent one pole
thereof and the other two of said cores being spaced
apt.nfmnunhahrndmhlnvh;an'kedp
thereof in physical engagement with said permanent
magnet means adjacent the other pole thereof, and
wherein said means for energizing said variable-refoc-
tance means includes an additional excitation coil means
associated with each of said additional cores, each of
said excitation coil means including a plurality of wind-
ings wound around the core associated therewith with
the axis of said windings being substantially inclined
from the faces of the core, and wherein said means for
energizing said variable-reluctance means further in-
cludes a source of direct current, first and second
swilching means, excitation sircuit means electrically
connecting one of said excitation coils at one pole of
said magnet and one of said excitation coils at the other
pole of sad magnet to said source of direct current
through saig first switching means and clectrically con-
necting the other two of said excitation coils to saxd
sceres of direct current through said second switching
means, and oscillator means for alternately closing and
opcningsaidﬁmmdmcndswhchingmmunpm
determined frequency.

41. Apparatus as set forth in claim 41 and further
including means associated with said excitation coils
means for tuning said excitation circuit means to reso-
nance at the frequency of said oscillator.

Q.Appunmsnmfonhincldmtlwdmdnnid
conducto:mmcomprisumoutpmooﬂhvingl
plurality of windings, and further including output cir-
cuit means connected to said outpat coil, said outpat
circuit means including a rectifier means coanected for
converting alternating current output of said output coil
to a direct current output and inverter means for con-
verting said direct current output to an alternating cur-
rent output of predetermined frequency independent of
the frequency of said oscillator.,

44. Apparatus as set forth in claim 43 and further
including means associated with said excitation coil
means for funing said excitation circuit means to reso-
nance at the frequency of said oscillator and further
including means associated with said output coil for
tuning said Output Circuit meass to resomance st the
frequency of said oscillator.

45. Apparatus as set forth in claim 41, wherenn 2.d
P<TMANCD! magret means comprises a plorality of per-
manently magnetized cores each having spaced-apant
faces and side edges cxtending between said faces, the
distance berween said faces being the least distance
through saxd core, said cores each having stable lamel-
lar distribution of magnetism from face-to-face thereof,
sud cores being stacked face-1o-face with faces of oppo-
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elongated bar
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zance at the frequency of said cecillator,
ﬂ.Appnruusul’athindﬁn‘SMﬁnmd
cmdmmcnnw'n:nowpmou‘l having a
plmﬁtyof%;s.ndfnnhcindudingourputcir-
cnitnnmmmsﬁlompuccﬂ.nideutpm
dmmidmgamiﬁummfor
- lhﬂ.ﬁgwouqunurnidautputcd!

43. Apparatus s st forth i claim 47 and further
mhwﬁm&uﬂwtﬂr&
mance af the frequency of smid oscillator and further
mcluding means associated with said output coil for
tuning said ootpot circuit mesns (o resonance st the
frequency of said oscillator.

49. Apparatus as set forth in claim 41 and further
indud:'mglke:pcrmnstpced&mnidpcrmmcm
mgndmndhvingnhwmpcﬁcrdmuncc,
nidkccpamlnvin‘aﬁrnkmpaponjon physi-
uﬂymm:ndcxludin;ﬁm:sidcedgeoromof
nhwm&rdmmucncpoko{nidpem-
Renl magnet means to a side edge of one of said varia-
ble-r:luc:tucemuthzothapokofuid magnet
mmndamndkecpapahphysiaﬂymg:ging
mdatcndin;hﬂmﬁd:ed;uoﬂhco-:hasornid
variable-reluctance cores.

or stroatium- and ferric-
3 '

SI.Appnmnsuldh-l.hhchimMnndﬁmhcr
including means sssociated with said excitation coil
mfarnmhgaidexdutimcircnitmmwmo-
nance st the frequeacy of said oscillator.

SlAppnntunumfaﬁinchimwwba‘dnmd
mmmmrhanompuooilhvingl
plurality of windings, and fartber including output cir-
cnﬂmmuugdbnidoﬂpulonﬂ.ujdoutpul
circuit means including a rectifier means coanected for
convuﬁngdterw‘mgmmloutpuo!’uidoutputcou
10 a direct current output and mverter means for con-
verting said direct current ootpwt to an alternating cur-
rent cutput of predetermined frequency independent of
the requency of sad oscillator.

53. Apparatus 23 sct forth ia claim 52 and further
including means sssocuated with said excitation coil
means for tuning said excitation circuil meant 10 reso-
nacce st the frequency of sad oscillator and further
mcluding means assonaled with sad output coil for
fuung said outpol crcwt meams 0 resonance at the
frequency of saxd oscillator.
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1

ELECTROLIAGNETIC GENERATOR

The present invention relates to apparatus for gener-
atmyg clectnical energy from magnetic energy and, more
particularly, to a low cost electromagnetic generator
wheren the direction of magn~tic flux from a perma-
nent magnet and flowing in a core member is rapidly
alternated to generate an alternating current in a wind-
ing on the core member.

Permanent magnets have long been recognized and
used as sources of magnetic flux both separately and in
combination with clectromagnets as means of intensify-
ing current flow. In such instances, as the frequency of
the control signal to the electromagnet has increased,
so has the coil inductance of the electromagnet and the
cffective reluctance of the magnetic flux path to limit
the magnitude of the gencrated current.

It is an object of the present invention to provide an
electromagnetic generator including a permanent mag-
net as a flux source wherein the magnitude of the gen-
crated current increascs as a function of the frequency
of the signals applied to control the direction of flux
flow from the magnet.

Another objcct of the present invention is to provide
a low cost electromagnctic generator including a per-
mancnt magnet and a core member in combination
wherein the direction of magnetic flux flowing f ~m the
magnet in the core member is rapidly alternated Uy
switching means to generate an altemating current in a
winding on the core member.

A further object of the present invention is to provide
an electromagnetic generator including a permanent
magnet and two separate magnetic flux circuit paths
between the north and south poles of the magnet each
including switching means for opening and closing the
flux circuits in combination with a core member and
means for altenately operating the switching means
such that the direction of magnetic flux in the core
member is rapidly alternated to generate an alternating
current in a winding on the core member.

Still another object of the present invention is to
provide an electromagnetic generator of the foregoing
character wherein the switching means includes means
for saturating regions of the magnetic flux paths in
directions substantially normal to the direction of flux
flow from the permanent magnet to selectively block
such flux flow and effectively open the magnetic flux
circuits.

The foregoing as well as other objects and features of
the present invention may be more clearly understood
by reference to the following detailed description when
considered with the drawing which, by way of example
only illustrates one form of electromagnetic generator
including the features of the present invention.

In the drawing:

FIG. 1 is a perspective view of the an clectromagnetic
generator constructed =~ >:>cordance with the present
invention;

FIG. 2 is a sectional side view of the electromagnetic
generator taken along the line 2—2 in FIG. 1;

FIG. 3 is a front view of the electromagnetic genera-
tor of FIG. 1, including a diagrammatic representation
of the circuitry for applying a high-frequency, low mag-
nitude control signal to the electromagnetic generator
to rapidly alten.ate the direction of magnetic flux flow
irom 4 permanent magnet in a core member to produce
a relatively high magnitude alternating current in wind-
ings on the core member;
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FIGS. 4(u) and 4(h) are front and side views respec-
tively of the clectromagnetic generator diagrammati-
cally represénting the condition of the generator during
a first half-cycle of the control signal to cause magnetic
flux from the permanent magnet to flow in ua first direc-
tion through a core member; and

FIGS. 5(a) and 5(b) arc front and side vicws similar
to FIGS. 4(a) and 4(b) diagrammatically representing
the condition of the clectromzg,. -tic generator during a
second half cycle of the control signal to cause mag-
nctic flux from a permanent magnet to flow in an oppo-
site direction in the core member.

Generally speaking, the electromagnetic generator of
the present invention compriscs a strong perma~ent
magnet 10 having a north polz 12 and a south pole 14.
Connecting the north and south poles of the permanent
magnet are two magnetic flux circuit means or paths 16
and 18. The magnetic flux path 16 includes first and
second switching means 20 and 22 for opening and
closing the magnetic flux path 16 while the magnetic
flux path 18 inncludes first and second switching means
23 and 26 for functioning in a similar manner relative
1o the second magnetic flux path. Intersecting the flux
paths 16 and 18 and connccted thereto between the
first and second switching means 20 and 22 and 24 and
26, respectiveiy, is a core member 28 of highly permea-
ble material carrying windings 30 and 32 of electrically
conductive material for connecting to an external load
circuit.

Normally, magnetic flux from the north pole 12 of
the permanent magnet 10 will divide and flow simulta-
neously through the magnetic flux paths 16 and 18 to
the south pole 14. In operation of the present inven-
tion, however, electric circuit means 34 functions to
alternately operate the switching means 20 and 26 and
the switching means 22 and 24 to selectively open and
close segments of the flux paths 16 and 18 such that the
direction of magnetic flux from the permanent magnet
10 is alternated in flowing in the core member 28 to
generate an alternating current in the windings 30 and
32 for application to an external load circuit.

Preferably, the switching means are capable of oper-
aung in response to a low magnitude, high frequency
control signal to produce a high frequency alternation
in the direction of flux flow in the core member 10
generate a relatively high magnitude alternating cur-
rent: the magnitude of the alternating current being a
function of the rate of change of the direction of flux
flow in the core member.

More particularly, ir the illustrated form of the pre-
sent invention, the permanent magnet 10 is a bar mag-
net while the two magnetic flux paths 16 and 18 com-
prise a member of highly permeable material formed as
a closed loop external to and between the north and
south poles 12 and 14. While such a member is illus-
trated in FIG. 1 as being a single piece member, it is
appreciated that the member may be segmented as
desired.

In the present invention, various forms of switching
means may be employed. Of course, for a very low
frequency generator, segments of the highly permeable

-

member comprising the flux paths 16 and 18 may form— -

the switching means in combination with means for
mechanically or manually moving the segments from
the member to open the flux paths on a selective basis.

Preterably, for high frequency operations, the switch-
ing means each include means for cross-saturating a
region of the highly permcable member substantially
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normal to tne direction of flux flow from the magnet
10. Such saturatios; imincdiately increases the reluc-
tance of the flux path to effectivcly open the associated
magnetic flux path in the region of the actuated switch-
Ing means.

One form of such a Cross-saturating mechanism is
illustrated in the drawing for each switching means and
compriscs a horseshoc-shaped core with ends on oppo-
site sides of the highly permeable member and carrying
a low inductance coil. For the switcing means 20, 22,
24 and 26 such horseshoc-shaped cores are repre-
scnted by the numerals 36, 38, 40 and 42 and their
associated low inductance coils by the numberals 44,
46, 48 and 50, respectively. The structure and opera-
tion of each such switching means is the same. For
example, to operate the switching means 20, current is
applicd to the coil 44. This gencrates a magnetic flux in
the core member 36 flowing perpendicular to the
highly permeable member comprisng the flux path 16
to saturate the region between the ends of the core
member 36 substantially normal to the direction of flux
flow from the magnet 10. This effectively opens the
flux circuit means 16 to block the flux flow from the
magnet through the switching means 20. When current
ceases flowing in the coil 44, the magnetic flux flowing
in the corc 36 terminates to again return the switching
mcans 20 and the flux path 16 to an effective closed
circuit condition.

As previously indicated, the selective and alternating
operation of the switching means 20, 22, 24 and 26 in
accordance with the present invention causes the direc-
tion of flux flow in the core member 28 to be rapidly
alternated thereby inducing an alternating current in
the windings 30 and 32. In this regard, and as illustrated
most clearly in FIG. 2, the core member 28 preferabiy
comprises a pair of generally U-shaped elements $2
and 54 of highly permeable material carrying the wind-
ings 30 and 32 respectively, and having corresponding
ends 56, 58 and 60, 62 bearing on opposite sides of the
member comprising the flux paths 16 and 18 between
the switching means 20 and 22, and between the
switching means 24 and 26. Because of the high perme-
ability of the elements 52 and 54 and the location of
their end faces against the member comprising the flux
paths 16 and 18, as the switching means are selectively
and alternately operated, the core member 28 becomes
a relatively low reluctance path for flux from the per-
manent magnet 10 between the north and south poles
thereof.

The circuit means 34 for controlling the switching
means and hence the direction of magnetic flux flow in
the core member 28 is diagrammatically represented in
F1G. 3 and comprises a source 64 of a high frequency
alternating current control signal having its output
connected in common to four parallel circuits con-
nected to the coils 44, 46, 48 and 50 of the switching
means 20, 22, 24 and 26, respectively. Each parallel
circuit includes a diode or other unidirectional current
conductive device illustrated at 66, 68, 70 and 72 for
the parallel circuits associated with the switching
means 20, 22, 24 and 26, respectively—The diodes 66
and 68 associated with the switching means 20 and 22
are poled in opposite directions as are the diodes 70
and 72 associated with the switching means 24 and 26.
The diodes 66 and 72 and the diodes 68 and 70 being
poled in like directions.

Thus, during a first or positive going half cycle of the
control signal from the source 64, current flows
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through diodes 66 and 72 and thz coils 44 and 50 while
current is blocked by the diodes 68 and 70 from the
coils 46 and 48. The current flowing in the coils 44 and
50 induces a magnetic flux in the associnted core mem-
bers 36 and 42 to saturate regions of the highly permea-
ble member comprising the flux paths 16 and 18 and
effectively blocks flux flow from the magnet beyond
the switching means 20 and 6—thcre being a high
reluctance in the region of the switching means and
flux from the permanent magnet 10 following the path
of lowest reluctance from the north pole 12 of the
magnet through the flux path 18 and switching means
24 10 a junction with the core member 28. Such a con-
dition for the electromagnetic generator of the pres~nt
invention is diagrammatically depicted in FIGS. 4(a’
and 4(5). the cross at switching means 20 and 26 repre-
senting that they are in an effectively open condition.

As depicted in FIG. 4(b) at the junction of the path
I8 and corc member 28, the flux divides flowing up-
wardly in the elements 52 and 54 and joining at the
junction of the core member 28 and the flux path 16 to
flow through the flux path 16, the switching means 22,
and to the south pole 14 of the magnet. Such flux flow
in the core member 28 induces a current in a first direc-
tion in the windings 30 and 32.

During a second or negative going half cycle of the
alternating control signal from the source 64, current
only passes through the diodes 68 and 70 to flow
through the coils 46 and 48. Such current flow pro-
duces a cross saturation of the highly permeable mem-
ber comprising the flux paths 16 and 18 in the regions
of the switching means 22 and 24 to effectively open
such portions of the flux paths. Under such conditions
and as illustrated diagrammatically in FIGS. $(a) and
5(b), magnetic flux from the permanent magnet 10
following the path of lowest reluctance flows upwardly
in the flux path 16 through the switching means 20 to a
Junction of the core member 28. There, the magnetic
flux divides and flows downwardly through the ele-
ments 52 and 54 to join at a junction of the flux path
18. Flux then continues to flow in the flux path 18 to
the south pole 14 of the magnet 10. Such flux flow in
the clements 50 and 52 of the core member 38 induces
a current in the windings 30 and 32 flowing in an oppo-
site direction to that induced during the positive-going
half cycle of the control signal from the source 64,
Thus, during alternate half cycles of the control signal,
relative negative and positive going signals are induced
in the windings 30 and 32 to produce an alternating
current for application to a load circuit connected to
the windings.

By use of core members of highly permeable material
and low inductance coils in the switching means of the
present invention, the necessary cross saturation to
effect an opening of the flux paths 16 and 18 on an
alternating and high frequency basis may be accom-
plished using low magnitude control signals. Yet, by
using a strong permanent magnet, the induced alternat-
ing current generated by a alternating of the direction
of magnetic flux in the core member 28 isof a relatively
high magnitude. Further, the more rapid or the greater
the frequency of the control signal, the higher the fre-
quency of alternation of the direction of flux flow in the
core member to produce an alternating current in the
windings 30 and 32 of increased magnitude.

In view of the foregoing, it is to be appreciated that
the present invention provides a simple electromag-
netic generator for converting magnetic to electrical
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energy by rapadly alternating the direction of magnetic
Mux ow in a core .nember. This is accomplished in a
manner such that as the frequency of the operation of
the means for controlling flux flow dircction increases
the magnitude of the induced alternating current also
increases.

While a particular form of electromagnetic gencrator
has been described in some detail herein, changes and
modifications may be made without parting from the
spirit of the invention. Accordingly, it is intended that
the present invention be limited in scope only by the
terms of the following claims.

I claim:

1. An electromagnectic gencrator comprising:

a permanent magnet having a north and a south pole;

first and second magnetic flux circuit means each
including a highly permeable member between said
north and south poles external to said permanent
magnect;

first and second corc members associated with each
of said first and second magnetic flux circuit means
and each including means for saturating a region of
the highly permeable member of said associated
flux circuit substantially normal to the direction of
flux flow in said highly permeable member to selec-
tively block flux flow from said magnet in said
associated highly permeable member:;

a third core member composed of a highly permeable
material connected at oppor..> ends to said first
and second magnetic flux circuit means between
said first and second core members respectively;

a winding of electrically conductive material on said
third core member for connection to an external
load circuit; and

means for alternately operating said first core mem-
ber and said second core member of said first and
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second flux circuit means respectively, and said
second core member and said first core member of
said first and second flux circuit means respectively
whereby the dircction of magnctic flux in said third
core member from said permanent magnet is rap-
idly alternated to generate an alternating current in
said winding for application to said load circuit.

2. The electromag tic generator of claim 1 wherein
¢ach of said means Jor saturating a region of said highly
permeable members include a horseshoc-shaped core
with ends on opposite sides of said highly permcable
member and carrying a low inductance coil.

3. The clectromagnetic generator of claim 2 wherein
the means for saturating a region of said highly per.nea-
ble members includes:

a source of high frequency alternating current; and

circuit means for passing said high frequency alter-

nating current through said coils associated with
said first core member and second core member of
said first and second flux circuit means respec-
tively, and said second core member and first core
member of said first and second flux circuit means
respectively during alternate half-cycles of said
current.

4. The electromagnetic generator of claim 1 wherein:

said third core member includes a pair of elements of

highly permeable material having corresponding
ends on oppositc sides said highly permeable mem-
bers comprising said first and second magnetic flux
circuit means between said first and sccond core
members thereof respectively;

said winding is on a first onc of said pair of elements;

and

said generator includes a second winding on a second

one of said pair of elements in circuit with said first

mentioned winding and said external load.
L] L] L] - L
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ABSTRACT OF THE DISCLOSURE

A permanent magnet in combination with a transformer
having first and second windings about a core, there being
two paths for magnetic flux leading from each pole of
the permunent magnct (o either end of the core so that
when an alternating current induces magnetic flux direc-
tion changes in the core the magnetic flux from the per-
manent magnet is automatically directed through the path
which corresponds with the direction taken by the mag-
netic Aux through the core due to the current, whereby
the magnetic flux in the core is intensified,

Summary and objecis of the invention

The invention relates o a system for intensifying an
clectrical current. More particularly, it concerns a method
and apparatus for the selective combining of the magnetic
flux induced by an alternatjve clectrical current in a high-
permeability material with that of a permanent magnet.

It is fundamental that jn a transformer the voltage
ratio belween the primary and the sccondary windings is
a function of the turns ratio. Thus, except for transformer
losses, Nyly=N3l; in which N 1 is the number of turns of
the primary, Nj is the number of turns of the secondary
and I, and I, are the effective currents in the primary and
secondary, respectively. With efficient transformers, the
voltage ratio is very nearly N\/Nj. Losses which occur in
a transformer are largely iron losses which appear as heat
and require removal. For maximum power transfer, the
magnetic hysteresis loop should be narrow. At the same
time, both the primary and secondary circuits should oper-
ate at their characteristic impedance. While ideally an
alternaling current generator would produce a sine wave
output with the voltage and current in exact phase, in
practice this does not occur and the wave form of the out-
put voltage and current is frequently modified by har-
monics and other factors. Where a circuit operates at ils
characteristic impedance and the voltage and current out-
put wave forms are satisfactory, the efliciency or power
factor of the circuit approaches unity. Also, since it is not
diflicult to demonstrate that the economy of power trans-
mission varies as the square of the power factor, it is ex-
tremely desirable to operate at a unity power factor, But
because of the factors discussed above, the induction char-
acteristics of most electrical loads, and the capacitive ef-
fect of the transmission line itself, the current of the truns-
mission line tends 1o vary {rom lagging to leading, or vice
versa with the load although usually it 1ends to lag. For
such reason, synchronous molors, static capacitors and
the like are incorporated in the circuit to increase the
power factor.

It is an object of this invention to provide apparatus
and method which increase the power factor of a circuit.

A further object of the invention is the inclusion of a
transformer in an alternating electrical circuit which im-
#roves the voltage amd cuiient wave furm i the circuit—
particularly at distant points of delivery.

A still further object and advantage of the invention
is the provision of means to intensily electrical current
Output by the selective adding of the muagnetic flux of a
permunent magnet to that induced in a transformer to in-
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tensify the electrical current delivered from the trans-
former.

A yet further advantage of the invention ljes in the
delivery of an electrical current from a transformer of
an intensity above that which would be otherwise ex-
pected from a number of secondary windings involved,

Another major advantage of the invention lies in the
delivery of electrical power to rural and other areas where
the price of electricity is high. In such locations, expendi-
tures for conversion required to practice the instant in-
vention are quickly regained from the savings in costs to
the powerhouse in supply requirements.

Other objects, adaptabilities, and capabilities will ap-
pear as the description progresses, reference being had 1o
the dccompanying drawing,

Description of the drawings

FIGURE 1l is a diagrammatic illustration of apparatus
in accordance with the invention wherein electrical cur-
rent is not passing through the primary;

FIGURE 2 is an illustration similar to FIGURE 1
wherein current js flowing through the primary coil and
inducing a magnetic flux in the core member of the ap-
paratus;

FIGURE 3 is an illustration similar 10 FIGURE 2 ex-
cept that current in the primary is flowing in an Oopposite
direction and the disposition of the magnetic flux in the
core member is reversed.

FIGURE 4 shows a modified apparatus of the inven-
tion wherein electrical current is not passing through the
primary;

FIGURE 5 is similar to FIGURE 4 with the current
passing through Lhe primary coil in one direction: and

FIGURE 6 is similar to FIGURE 4 but with the cur-
rent passing through the primary coil in the opposite di-
rection,

Description of the preferred embodimens

In the figures, the reference character I represents a
permanent magnet with its poles marked N and S for the
north and south magnetic poles thercof, respectively.
Leading from the north pole of the magnet I is an arma-
lure Al which is composed of a magnetic material having
a high permeability so as to carry substantially all of the
magnetic lux which emanates from said pole. A similar
armature A2 leads from the south pole of the magnet I.
The armatures Al and A2 join with pole shoes P1 and
P2, respectively, of a transformer designated gencrally
by reference numeral 10, The primary coils of the trans-
former 10 are represented by reference characters B1 and
B3 whereas the core and magnetic flux bridge member
about which coils B and B3 are wound is designated RC.
The secondary coil, also wound around the core member
RC is designated B2,

In FIGURE | with no current flowing through the coils
B1, B2 and B3, the magnetic flux from the magnet [ fol-
lows the paths designated by arrows 11, 12, 13, 14, 15
and 16. It will thus be noted that the flux path 11 splits
into two paths 12 and 13 which traverse the terminal or
bridge portions X of core member RC and are carried by
paths 14 and 15 1o be joined by path 16 to the south pole
of magnet I thus completing the magnetic circuit. It will
be appreciated that the magnetic flux contained in_path
11 is split into approximately equal quantities carried
through path 12-X-14 on the upper part of core memter
RC and path 1X-15 on ths lgwer part of wie mems-
ber RC. Also, of course, the magnetic orientation of ths
armatures Al and A2, the pole shoes P1 and P2 and the
bridge portions X is dominated by the disposition of the
magnetic flux,

When current is circulated through the primary cuils
B1 and B3 in a direction so that a magnenic flux is in-
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duced in core member RC to render the north pole at N1
and the south pole at S1, the magnetic orientation of the
pole shoes P1 and P2 and the bridge portions X is modi-
fied so that the magnetic flux flows between paths 11 and
16 through the 13-X-RC-X-14 path shown in FIGURE
2. Because of the Proximity of like poles at locations F
and H, the conduction of magnetic flux is severely in-
hibited at such locations and for practical purposes the
number of lines of magnetic flux in the 13-X-RC-X-14
path emanating from magnet 1, as shown in FIGURE 2,
will be equal to the number of lines in FIGURE | con-
tained in both the paths 12-X-14 and 13-X-15. This
cffect takes place practically instantaneously, depending
primarily upon the hysteresis qualities of the pole shoes
and core member and the characteristics of the current
applied through the primary coils B1 and B3. The inter-
action of the magnetic flux from the permanent magnet
I through core member with the current in the primary
Bl and B3 is in accordance with well-known physical
laws, and it will be appreciated that the flux generated
by such current combines with that of the peérmanent mag-
net whercby if the fluxes are approximately equal the
flux density in core member RC is approximately doubled
at its maximum intensity. The interaction lends to align
the current and voltage phases in the primary circuit and
current induced in the secondary coils is intensified by an
improved phase alignment and by the rapid change in
flux occurring in the core member RC as the flux (rom
magnet | is channeled through same.

When the current in the primary coils Bl and B3 is
reversed, the magnetic orientation of the core member
RC and also the pole shoes P1 and P2 is changed so that
the path of magnetic flux between paths 11 and 16 as-
sumes the path 12-X-RC-X-15 gs shown in FIGURE 3,
with substantially the entire flux from magnet [ follow-
ing such path. In this connection it is to be noted that
the south pole of the core RGis in this dspect disposed at
S2 in the upper portion of
in the lower i
is accerdingly severely restricted at locations H1 and Fl
by the proximity of like poles. :

It is to be understood that the materiy| making up the
armatures Al and A2, the pole shoes PI and P2 and the

core member RC should not oniy have a narrow hysteresis.

loop, but also should bc so dimensioned that the maxi-
mum permeability exceeds that
jected to by reason of the magnetic flux from permanent
magnet 1 and that induced by the primary windings Bl
and B3,

FIGURES 4, 5, and 6 discloses a further method of
carrying out the invention which js advantageous inas-
much as the self-induction of the system is substantially
decreased.

Referring now 10 these FIGURES, it is to be noted
that the reference character [ is, as previously, a perma-
nent magnet with its poles marked N and S for the north
and south poles, respectively. Also, the armatures A’'l
and A2 are essentially the same as armalures A1 and A2
shown in FIGURES |-3.

The magnet 1 is saturated with its own flux and the
armatures Al and A'2 are composed of magnetic mate-
rial having a high permeability so as to carry substantial-
ly all of the magnetic Aux which ¢manates from the poles
of the magnet I. The armatures A'l and A’2 join with
pole shoes Pl and P‘2, respectively, also compcsed of
highly permeable material which function as branches for
the conduction of magnetic flux from such armatures.

A core memberRC whichmay be sTructiirally the same
as the core member havine the eama refaranca charaster
in FIGURES 1-3, is disposed adjacent the terminal ends

of the pole shoes P'1 and P°2. The core member RC is 5

wound with a primary winding B22 which is adapted for
€onnection to a source of alternating current, Each branch
of the pole shoes P'1 and P’2 has a secondary winding,
B18 and B20 (or pole shoe P'1 and B19 and B21 for pole
shoe P2,

which they may be sub- .
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These secondary windings may be connected in series
or parallel, or may lead 1o different circuits, as desired.
Looking now at FIGURE 4 wherein no current is pass-
ing through the primary windings B22, it will be as-
sumed for the purpose of illustration that a magnetic flux

of the pole shoe Pl wherein it is split into a pair of 50
kiloline segments. The path of the flux passes through
terminal ends of the core member RC which are desig-
nated X and into the branches of the pole shoe 2 from
whence it is conducted through the armature A‘2 10 the
south pole of the magnet I. 1t js 10 be noted that the sec-
ondary coils B18, B19, B20 and B21 are each cut by a
flux of 50 kilolines. But inasmuch as the flux is not chang-
ing at this moment, no current is induced in the secondary
coils.

In FIGURE 5 an electrical current
primary B22 in such a direction as 10 magnelize the core
member RC and to produce a total of |00 kilolines of
flux in the core member RC with the north and south
poles being indicated by N1 and S1, respectively, It will
be appreciated that when current is first initiated through
the primary B22 the conduction of magnetic flux at the
locations F and H are inhibited and accordingly the 50
kilolines of flux which pass through these points and
also through the coils B18 and B21 are diverted so as 10
pass through the coils B2o and BI19. This diversion of

is circulating in (he

time the diversion or increase

of magnetic lines of force
within the windings B19 and

B20 causes a similar con-

duction of current in such windings. As the current in
22, increases 1o jis maximum amount, 3

the primary,

understood that aside from the change in fux which
occurs by diversion of the flux path a further 50 kiloline
increase occurs in direct response 1o the electrical cur-
rent flow in the primary B22 and flux thereby created
through each of the secondary coils B18, B19, B20 and
B21. When the current is reversed in the primary B22.
the magnetic status of the system will almost immediately
return to that shown in FIGURE 4. The system poes
through the same type of transformation except that the
paths of magnetic Hux are inhibited at locations H1 and
Fl because of the reversal of the north pole of core
member RC to N2 and the south pole to S2. Thus an

increase in kilolines takes place through coils B18 and
B21, first, due to the transformation of the path of mag-

The maximum permeability of pole shoes P’1 and P2
should be sufficient 10 carry the maximum Aux which
may be induced therejn without saturation. So that the
assembly will not work as an annular magnet, there
should be a small ajr 8ap between the core member and
shoe poles. Instead of armatures together with o parma
nent magnet, a curved or horscshoc-sh;:ped magnet may
be employed which has poles engaging the pole shoes.

The foregoing detaileqd description has been given for
clearness of understanding only, and no unnecessary limi.
tations should be understood therefrom for further modi-
fications will be obvious to those skilled in the an.

Huaviag described a Y inveition, what | clim us new
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and desire to cover by Letters Patent of the United
States is:

about said core member, an adjacent secondary winding
of an clectrically conductive material about said core
member, said primary winding adapted to have alternat-
ing electrical current from said circuit passed there-
through, a magnetic flux circuit means leading from the
north pole of said permanent nmgnet in two further paths
to said core member so as 10 be adjacent said core on
each side of said windings, a further magnetic flux cir-
cuit means leading from said south pole in two paths to
said core so as to be adjacent said core on each side of
said windings whereby when an electrical current moves
through said winding the magnetic flux from said perma-
nent magnet is conducted from said north pole through
one of said paths to said core and thence through one
of said further paths to said south pole, the direction of
the flux through said core being the same as that induced
by said electrical current thereby intensifying the mag-
netic flux induced by said alternating electrical current in
said prinmary winding.

2. An electrical output source which comprises a per-
manent magnet, a transformer, an alternating electrical
current source connected to primary windings of said
transformer, said windings disposed about a core in said
transformer, a first magnetic flux path from the north
pole to the south pole of said magnetic arranged to pass
in a first direction through the core of said transformer,
a second magnetic flux path from the north to the south
pole of said magnet arranged to pass in a second direc-
tion opposite to said first direction through the core of
said transformer, the direction of said magnetic flux in
said core changed by shifting between said first magnetic
flux path and said second magnetic path responsive to
changes in the direction of magnetic flux induced in said
core by current passing through said primary windings,
and a secondary winding about said core for delivering
electrical current produced by the alternating magnetic
flux in said core, said secondary windings being disposed
relative to said paths and said core whereby the magnetic
fluxes from said magnet via said paths pass through said
secondary windings,

3. In a transformer for alternating electrical current,
a core having primary and secondary windings, perma-
nent magnet means, a pair of magnetic flux paths pro-
vided for the magnetic flux of said magnet means, the
first of said flux paths passing transversely through said
core on one side of snid windings and the other of said
paths passing transversely through said core on the other
side of said windings when no current js passing through
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said windings, the induction of magnetic flux longitu-
dinally in said core by energizing said Primary winding
inhibiting the conduction of flux transversely through saiu
core and conducting said flux from said permanent mag-
net means Iongimdinally through said core in the direc-
tion of said induced flux partly through the first of said
pashs and partly through the second of said paths,

4. Electrical apparatus which comprises a flux satu-
rated permanent magnet, a first magnetic flux conductor
connected to the north pole of said magnet composed of
highly- permeable material, a second magnetic flux con-
ductor connected to the south pole of said magnet com-
posed of highly permeable material, a core member, a
primary winding of electrically conductive material
around said core member adapted to be connected to an
alternating current source and induce an alternating mag-
netic flux in said core member, said first magnetic flux
conductor having first and second branches terminating
adjacent said core member on opposite sides of said
primary winding, said sccond magnetic flux conductor
also having first and second branches terminating ad-
jacent said core member at opposite sides of said primary
winding, the path of said magnetic flux from said perma-
nent magnet passing through said core member in one
direction via said first branch of said first conductor and
said second branch of said second conductor responsive
to magnetic flux induced in said one direction by current
passing through said primary winding and through said
core member in an opposite direction via said second
branch of said first conductor and said first branch of
said second conductor responsive to magnetic flux in-
doced in said opposite direction by current passing
through said primary winding.

S. Apparatus in accordance with claim 4 wherein sec-
ondary windings are provided around each of said
branches,

6. Apparatus in accordance with claim § wherein the
maximum number of magnetic lines induced in said core
member by current passing through said primary wind-
ings is approximately equal to the magnetic lines con-
ducted from said magnet through said magnetic flux
conductorsy,
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APPARATUS FOR CONVERTING RADIO
FREQUENCY ENERGY TO DIRECT CURRENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The instant invention relates to methods of an appara-
tus for converting radio frequency energy to direct
current; more particularly, the instant invention relates
to methods and apparatus for converting: radio fre-
quency energy to direct current wherein the direct
current is of sufficient magnitude to power devices such
as battery charges and electric motors without the use
of amplification.

2. Technical Considerations in Prior Art

There has long been interest in technology directed
to transmitting clectrical energy over a distance with-
out utilizing conductors, such as wire conductors. De-
velopment of such a technology has enormous poten-
tial. This was first recognized by Nikola Tesla who in
1899 constructed a 200 foot Tesla coil rated at 300 kilo-
watts and 150 kilocycles. Tesla hoped to set up standing
waves of electrical energy around the whole surface of
the earth, so that receiving antennas set at optimum
points could tap the power when needed. Tesla was
able to light hundreds of lamps at a distance of about 40
kilometers with his device without utilizing electrical
conductors. The scheme has generally remained a scien-
tific curiosity but has provided the initial groundwork
for current developments wherein attempts are being
made to transmit power by microwaves. However,
power transmitted by microwaves is envisioned in the
form of a beam of very high intensity which is focused
from a microwave generator to a receiving antenna.
This technology is envisioned as being used for many
types of purposes such as transmitting microwave en-
ergy collected from gigantic solar power satellites and
“star wars"-type weapons systems. However, the fo-
cused microwave beam is not suitable for many applica-
tions in that the beam must be directed toward a receiv-
ing antenna and cannot be transmitted through most
objects, including living objects, without destroying the
objects.

The instant invenuon relies on converting energy
from standing waves which are emitted from radio
frequency antennas in the RF range rather than the
microwave range. Of particular interest are very low
frequencies which are not used in communicaticns and
are available for transmitting power. Also of interest
with respect to the instant invention are the low fre-
quency waves emitted by the earth due to pulsation
thereof caused by its magnetic field. These low fre-
quency standing “earth™ waves can be picked up by
receivers tuned thereto.

SUMMARY OF THE INVENTION

It is an object of the invention to provide new and
improved methods of an apparatus for converting radio
frequency currents to direct current for practical uses
other than communications, wherein the direct current

energy converted from the radio frequency input en-
* ergy does not require amplification.

Upon further study of the specification and appended
claims, further objects and advantages of this invention
will become apparent to those skilled in the art.

The instant invention conter-plates an RF antenna
for receiving radio waves. The RF antenna connected
to a circuit configured in accordance with the principles
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of the instant invention to convert the Ri7 signals 1o
direct current. The radio frequency signals received by
the antenna are transmitted to first and second leads,
with one lead being rectified to transmit positive volt-
age and the other lead being rectified to transmit nega-
tive voltage. The positive voltage lead being connected
directly to a positive output line and the negative volt-
age lzad being connected directly to a negative output
line. The positive output line is connected to a pair of
bus lines through a first pair of capacitors, while the
negative output line is connected to the pair of bus lines
by a second pair of capacitors. Disposed between the
first bus line and the positive output line is a reverse
diode of negative polarity, while disposed between the
negative output line and first bus line is a reverse diode
of positive polarity. The positive and negative output
lines are connected to one another through an induc-
tance which i .n parallel with the capacitors of the first
and second pair connected between the second bus line
and the positive and negative output lines.

In accordance with one embodiment of the invention
the afore-described circuit is duplicated for each posi-
tive and negative output line. In accordance with an-
other embodiment of the invention, the afore-described
circuitry is coupled to additional circuits identically
configured in order to increase the direct current output
of the arrangement.

In accordance with a further configuration of the
invention, the antenna utilized is a dipolar antenna of
aluminum wire arranged in a “butterfly” configuration.

The instant invention further contemplates the
method of utilizing the afore-described elements so as to
generate direct current having sufficient power to per-

form tasks such as charging batteries, Iightin?amps and

powenng direct current electric motors without the use

BRIEF DESCRIPTION OF THE DRAWING

Various other objects, features and attendunt advan-
tages of the present invention will be more fully appre-
ciated as the same becomes better understood when
considered in connection with the accompanying draw-
ing, in which like reference characters designate the
same or similar parts throughout the several views, and
wherein:

There is shown a diagram of a circuit in accordance
with the instant invention in combination with a driven
device and a dipolar antenna which receives radio fre-
yuency waves which are converted to DC current for
powering the driven device.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now 1o the drawing, there is shown a dipo-
lar antenna, designated generally by the numeral 1C,
which receives radio frequency waves from an RF
transmitter 11. The radio frequency waves are transmit-
ted to a radio frequency 1o direct current converting
circuit, designated generally by the numeral 12, through
a coaxial cable 13 and DC current from the circuit 12 is
used to power an output device, designated generally
by the numeral 15, which may for example by a battery
charger DC motor or lighting device. The circuit 12 has
no other power inputs other than the radio frequency
energy transmitted thereto by the antenna 10 and there-
fore includes no amplifiers for amplifying the RF en-
ergy.
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The source of radio frequencies convertible 1o direct
current by the circuit shown may include sources of
high frequency, low frequency (LF), very low fre-
quency (VLF) and extremely low frequency (ELF)

radio waves as well as seismic vibration of the earth’s $§

magnetic fields.

Preferably, the dipolar antenna 10 is formed of two
triangular loops of aluminum wire 16 and 17, one of
which is connected to the annular conductor 18 of the

coaxial cable 13 and the other of which is connected to 10

the center conductor 19 of the coaxial cable. The size of

the bipolar antenna 10 is dependent on the particular

application to which it is put. In accordance with one
embodiment of the invention, the antenna 10 is approxi-

mately 12 inches in width and 18 inches in length. Such 15

an antenna is used to receive five watt energy, such as
that generated by a walkie-talkie or citizen-band radio.

The annular conductor 18 of the coaxial cable 13 is
connected to a positive lead 21 of the circuit 12, while

the center conductor 19 of the coaxial cable is con- 20

nected 1o a negative lead 22 of the circuit. A positive
transmitting diode D1 is disposed between the lead 21
and the remainder of the circuit 12 while a negative
transmitting diode D2 is disposed between the lead 21

to a positive output line 28 while the negative diode D2 25

is connected to a negative output line 26. Accordingly,
the positive voltages with respect to ground are pro-
duced on output line 25 and negative voltages with
respect to ground are produced on output line")f

order to provide a DC output of sufficient power, 30

a plurality of inductance-capacitance, RF, tuned cir-
cuits 30, each forming a positive cell, or a negative cell,
are utilized Tor connecting the positive output line

and negative output line 26 to first and second bus lines

31 and 32, respectively. Bus line 32 is connected to 35

ground while bus line 32 can be connected to circuits
similar to circuit 12. The positive output line 25 is con-
nected by a first bridging line 33 to the first and second
bus lines 31 and 32 while the negative output line 26 is

connected by a second bridging line 34 to the first and 40

second bus lines. The bridging line 33 has capacitors C1
and C2 disposed between the positive output line 25 and
the first and second bus lines 31 and 32, while the bridg-
ing line 34 also has capacitors C1 and C2 dispensed

between the negative output line 26 and the first and 45

second bus lines 31 and 32. Connected between the
bridging lines 33 and 34, is an inductor 35 which serves
as an RF choke, while disposed between the positive
output line 25 and the capacitor C1 there is a negative

polarity. diode D4 referred to herein as a bridging diode 50

and disposed between the negative output line 26 and
capacitor C1 in line 34 there is a positive polarity diode
D3 referred to herein as a bringing diode. As is seen of
the drawing, the RF tuned circuit cell 30 is repeated a

plurality of times. In the specific example shown, the 55

circuit 12 has separate cells 30, 37, 38 and 39. The cells
30 and 38 are of opposite polarity and balance one an-
other while the cells 37 and 39 of opposite polarity and
Al Balance one another. In_order for the system to

Tunction, a pair of l;m‘lé Efuigd cells must be uti- 60
~The particular number of cells 30 and the value of

components thereof are determined by the configu-
ration of the dipolar antenna 10 and the power and
frequency of the RF transmitter 11.

The radio frequency to direct current conversion 65

circuit 12 may itself be connected to a duplicate circuit
via pins 41 30 as to provide acditional direct current
output on lines similar to positive output line 25 and

negative output line 26 the output lines may be con-
nected together in order to boost the total output of the
system.

An operative embodiment of the invention utilizes
the following elements:

Diodes D1, D2, D3 and D4—Germanium Diodes, Ar-

cher 1 N34A,Catalog #1123.

Inductor 35-47 Milli henry R. F. Choke '

Capacitors C1 and C2-0.47 Pico Farads at 200 volts

Coaxial Cable 13—50 ohms

Dipolar Antenna 10—aluminum wire triangular loops
approximately 12 inches by 18 inches.

From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of this
invention, and without departing from the spirit and
scope thereof, can make various changes and modifica-
tions of the invention to adapt it to various usages and
conditions.

What is claimed is:

1. Apparatus for converting radio frequency energy
into direct current for generating electric power, the
apparatus comprising:

a dipolar input for receiving radio frequency energy;

a positive output line connected to one pole of the
dipolar input and a negative output line connected
to the other pole of the dipolar input;

a positive transmitting input diode means in the posi-
tive output line and a negative transmitting input
diode means in the negative output line;

first and second bus lines and a pair of tuned circuits
of opposite polarity coupling the positive output
line and negative output line to the bus lines, one of
the bus lines being conriected to ground;

each tuned circuit including a first bridging line con-
necting the positive output line to the first and

~ second bus lines and a second bridging line con-
necting the negative output line to the first and
second bus lines, each bridging line having a bridg-
ing diode means therein oriented at a polarity
which is reverse with respect to the transmittirg
input diode means of the respective output line; the
bridging lines of each tuned circuit being con-
nected to one another by an inductance and having
capacitors disposed between the bridging diode
means thereon and the bus lines, and

a direct current device connected to the bridging
lines of the tuned circuit.

2. The apparatus of claim 1, wherein there are a plu-
rality of similarly configured tuned circuits connected
between the output lines and the bus lines.

3. The apparatus of claim 2, wherein there are a plu-
rality of radio frequency-to-direct current conversion
circuits connected to one another to provide a direct
current power array tuned to a specific radio frequency
such as a high frequency source, low frequency source,
very low frequency source, extremely low frequency
source, or source created by seismic vibrations of the
earth’s magnetic field.

4. The apparatus of claim 3 wherein the dipolar input
is a dipolar antenna.

S. The apparatus of claim 1, wherein the device con-
nected to the output lines is a direct current motor.

6. The apparatus of claim 1, wherein the device con-
nected to the output line is an illuminating device.

7. The apparatus of claim 1, wherein the device con-
nected to the output lines is a battery charger.

8. The apparatus of claim 1, wherein the device con-

nected to the output lines is a DC-10-AC inverier,
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10. The apparatus of claim 1 wherein the dipolar
input is a dipolar antenna.
rality of radio frequency to direct current converter 11. The apparatus of claim 10, wherein the dipolar

antenna utilizes aluminum wire arranged in pair of tri-
5 angular loops.
circuits tuned to a particular radio frequency. $ e

9. The apparatus of claim 1, wherein there are a plu-

circuits connécted to one another to form an array of
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[57] ABSTRACT

S ¢ VA RT.Y

which electric power is produced by repeated capaci-
tance changes. In various embodiments of the basic
electric circuitry, the required capacitance change is
effected by various methods, including, especially in the
principal embodiment, the method of capacitance
change by radiation-variable capacitors the dielectric
material of which is uniquely a non-photoconducting
material. This generator is distinctive in two basic ways,
namely in that it is a complete d.c. generator without an
iron core transformer not merely a voltage augmentor
and secondly in that the light-variable dielectric mate-
rial is different from that of prior art generators.

8 Claims, 11 Drawing Figures
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DIRECT CURRENT VARIABLE CAPACITANCE
ELECTRIC GENERATOR

This irvention relates to generators of electric power
and methods of producing electricity from energy act-
ing against an electric field. It is one of the types of
electric’ generalors wWhich cause @ Guff
moving a chare: ¢, and from :he plates of a charged
elec'ric condenser when capacitance of the con-
denser is caused 1o alternurely increase snd then de-
crease. A similar mechanism is to he found in my co-
pending patent applications Ser. No. 669,384, now U.S.
Pat. No. 4,074,129, and Ser. No. 663,927, now U.S. Pat.

1
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between the condenser’s plates increasing the copaci-
lance by effectively bringing the condenser': plates
gloser together shortening their separation distance. In
the present invention the necessary increasing of capici-
tance is not achieved by the formation of conductive
areas between the cordenser's plates. Insulated photo-
conductive grains or particles are ndt used. On the
“contrary, ii is one of (nie Ver Y ObjeCis"aiid onc-of il -
importznf levements of this _present invention .o
€Xclude or to greatly minimize all kinds of electric con-
ductivity between atoms, ions and molecules within the

e
-

dielectric of its condenser

The positive means taken to eliminate or drastically

H t it d other 1 f duc-
No. 4,087,735, as well as in my former U.S. Pat. No. 15 '-u“¢ photoconductivity and other types of conduc

3,971,938. It differs from prior generators in that a
transformer is not an integral nor necessary part of its
electrodynamic action. It is uniquely able to function at
very slow rates of capacitance change. Other similar

generators using transformers cannot operate with very 20

slow alternations in current direction change without
requiring very large iron core transformers. My present
invention therefore is a practical and less expensive
apparatus and method of producing electrical energy

from relatively sfow capacitance changes. For instance, 25

in a particular embodiment it is found that some par-
ticularly efficient radiation-variable capacitors undergo
Very Targe capacitance changes when excited by Tight
or othcr ragialion, but that the capacitance change was

necessarily slow and unable 10 be emploved in gener- 30

ators of the prior art, using transformers with magnetic
cores, whereas these slow changing capacitors can be
cmploﬁa_vcry eflectively in_The prescnl invention.
The same radiation-variable capacitors could be em-

ployed in other generators or they can be employed in 35

apparatus used merely to increase the voltage on a
currer.t flowing from another source, that is to say,
they could be employed in a voltage augmentor such as
the type described in the encyclopedia Britannica. But
it is the object of this present invention i provide a true
electric generator which goes beyond merely increasing
voltage on a current flow that is provided by an outside
source. On the contrary, this present invention does not
merely augment or increase vollage on a current al-

o

-y

tivity distinguishes this present invention from former
photoconductive light-variable capacitors and it distin-
guishes it from former light-variable capacitors not
based upon photoconductivity, but which were m-
peded by photoconductivity and impeded by other
forms of conductivity.

Former light-variable dielectrics were of various
kinds. They either employed insulated photoconductors
such as in U.S. Pat. No. 3,426,209 by Sihvonen, et al.,
increasing conduction in a limited area to effectively
bring a condenser's plates closer together or, on the
other hand, they employed materials with variable po-
larizability characteristics (as in U.S. Pat. No. 3,971,938
by O'Hare). Therein, phosphors effectively shorten the
distance between the plates with a d.c. charge, but also
effectively increase that distance in alternate periods in
order that electricity might be generated. However, the
former art light-variable dielectrics operating by the
mechanism of variable polarizability have been found to
be largely unsatisfactory for purposes of electric power
gcneration and this is due precisely to undesired photo-
conductivity of the phosphors emptoyed in the prior
art. This is because of the fact that when an electric
conductor is placed in an electrostatic field the inside of
the conductor does not experience the effect of the
field. There is no field inside of a conductor. Therefore,
conduction photoinduced or otherwise, precludes or at

least greatly reduces field interaction with lanzable
I0N3, aloms, or molecules This is because every polariz-

ready present, but it generates its own current flow and 45

it is an integral eleciric_generatar. Another principal
object of the present inventive concept is to provide a
very specific type of radiation-variable capacitor to be
used in this as well as in other radiation-variable capaci-
tance generators. The type herein described undergoes
a reEEcned change even when a direct current charge is
placed across its plates. The unique character of the
dielectric of this invention is that it is not of the type
founded on photoconductive phenomena within the

50

condenser’s dielectric. The light-variable dielectric of 55

the variable caj.acitors of this present invention does
not employ photoconductive materials. It does not sur-
round photoconductive grains with insulating material
to form a dielectric material. Consequently, the capaci-
tance changes of this present novel diclectric are not
achieved by effectively shortening the separation dis-
tances between the plates of a condenser by providing a
periodic conductivity in the small parts of the area be-
tween the condensers' plates occupicd by photoconduc-
tive grains. That is to say that in former systems the
action of light was 16 produce many small isolated con-
ductors between the condenser's plates. Light, so 10
speak, made conductors out of the photoconductor

grams and this was like placing isolated conductors

60

65

ability change due to radiation absorption is to be found
within a conductor as photoconductivity makes con-
ductors of the radiation sensitive grains. Once the polar-
1zability change is within a conductor it cannot contrib-
ute to the dielectric constant nor to the dielectric con-
stant change of the condenser’s dielectric.

Both types of the prior art light-variable capacitors
are very effective in an a.c. circuit, i.e., when a.c. cur-
rent is provided for them by some external source and
when the a.c. conduction change across the condenser
is measured by an a.c. current meter in series with the
source and the capacitor. In such a circuit the changes
in capacitance of the capacitor with radiation and with-
out radiation can be seen clearly from the changes in the
current value conducted in the circuit. Any photocon-
ductivity within the insulating dielectric helps make the
diclectric constant of the dielectric photovariable pro-
viding 3 kind of radiation variable capacitor. But these
former art light-variable capacitors are not able 10 effec-
tively undergo repeated capacitance changes when
used in a circuit with direct current charge placed upon
them, since conductivities within dielectric merelv pro-
vide for many areas of charge scparation. Once there

are_many places where negative charges can move
closer 10 the positive rlate

and posihive o IFes an




»

3

move closer 1o the negative plate to cause a charge

Separil dielectric 1sell then the more the
total capagitance of the condenser. and the charge it can
Carry. is poing to be determined by the charge sopara-
tion across those conducting areas than by any dynam- §
1cs of polarizability happening with the conducting
areas. Forinstance, if granules of metal were embedded
m annsulator and used as a dielectric of a d.c. charged
condonser, charges would soparate acrose each aranule
in a very short time and the condenser’s value would 10
not be affected by subsequent changes in conductivity
of the granules. There is no way in which the dielectric
constant could decrease in this d.c. charge situation
unless there were something within the metal granules
that can cause combining of the charges separated 15§
across the metal by the electric field between the plates.
There is no provision here for effecting a charge recom-
bination once charges have been separated in a charged
condenser. It is not the object of this present invention
to provide a mechanism for such a recombination. It is 20
not the object of this present invention to cause the
voltage on the plates of a d.c. charged capacitor to
elevate by decreasing its capacitance by recombining
opposite charges within its dielectric. But it is the object
of this present invent ove nearly all conduc- 25
tivity of whatever kind in order that radiation variable
polarizability changes may alone influence dielectric
constant changes. This isTor The purpose of providing a
condenser whose dielectric constant can repreatedly
change more effectively when a d.c. charge is placed 30
across its plates. The provision of such a condenser
enables a d.c. charged light-variable condenser to have
its voltage both rise and fall repreatedly with alterna-
tions of dark and light periods. Accordingly, a very
specific object of this present invention is to designate 35
light and radiation-variable material that is variable
only with respect to polarizability and that is entirely
(or nearly so) nonconductive. The active mate. al then
is not only embedded in sulating medium but it is of
itself of a highly insulating nature. The materials of this 40
present invention then specifically are highly insulating
phosphors, i.e., they are a particular class of phospho-
rescent material as well as a particular class of photo
sensitive ferroelectric material which is nonconductive.
The phosphors emploved here are phosphors whose 45
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charges on one ude of the condenser will no dvnger
“hind™ of hold the UPposite positing ;h.ll’g;"« o the
opposite. plates and visa versa The Charge on the
grounded plates will then be free 10 move 1o the

ground. Then. the nongrounded side of the condenser
will be left with 4 high voltage nolated charge. It s
1solated in the sense that 1t has nowhere 1o go. If subse-
quently the grounded plate s repositioned closer to e

- ., Al 1 §8 secall Susesiiteia a aoke it R e L Y T SO
CHdlged eale, it Wil GlQulid G Chnarge O MEn O

to that on the isolated plate. This action of separating
these respective plates can be repeated. In this case a
current would alternate back and forth to the ground
from the grounded plate as a charge moved to and from
this plate. When a rectifier 1s placed in series with this
same grounded plate so that the charge can Mow Trom

the ground to the condenser plate bul nol back 1o The
ground, then pulling the condenser plates apart will
TAuse a voltage increase on opposite plates. When a
second rectifier and a resistor are connected to the
grounded plate of the condenser and grounded then,
when that charged condenser’s plates are again sepa-
rated, the voltage elevation (as the charges no longer
bind each other) will not cause a current flow through
the first rectifier to the ground, but, due to the polarity
positioning of the second rectifier, the charge will low
through the second rectifier and the series resistor to the
ground. When the positioning of the plates is again
closer, the charge on the isolated plate will bring a
charge up from the ground through the first rectifier to
the grounded plate. Again opening the plates will cause
a return of the charge to the ground through the second
rectifier. An electric pumping action resulting in a sin-
gle direction Mow 1o and rom the ground takes place.
The ground acts as the reservoir for the charge that is
brought from it in one place, and returned to it in an-
other place.

Now. however, in a principal embodiment of this
present invention, instead of using the ground as u
source of charge, another condenser is used®as a source
from which the charge is moved. Instead of returning

the charge to the ground, the mobile charge is moved

by the same kind of action described above, 10 a third
condenser. In short, the same type of pumping action,

described above, makes use of a variable condenser (0

emission is based on metastable states within an ion or

remove a charge or one sign from one uncharged con-

atom or _molecule rather than phosphors whose emis-

denser, and to place this charge on a third condenser.

sion is based upon charge separation mechanisms, pho-
toconductivity or trapping centers.

For purposes of clarity the most simple form of the 50
electric mechanism is described first, subsequently the
full generating mechanism is described and finally there
follows the description of the more effective light-varia-
ble dielectrics and capacitors.

Concerning the simple form of the electric mecha- 55
nism, when a charge is placed on a variable condenser
and the condenser is isolated from the source of its
charge, one side. i.e., one terminal of the condenser may
be grounded without discharging the condenser. If the
plates of the condenser are separated a little, the voltage 60
will increase during this separation because the charge
I8 constant (since the condenser s essentially isulated).
Then when the chargc 1s constant, and the capacitance
is_decreased. the voltage must increase because the
product of voltage and capacitance must continue to be 6%
equal to the unchanged charge T the action to pull the
plates apart continues. there is a point at which there
will be very hule binding of charges, and negative

For instance, the variable capacitor removing electrons
from an uncharged, fixed capacitor may place theee
electrons on a third, formerly uncharged capaciter. A
single rectifier on what was called the “isolated" plate
of the variable condenser adequately maintains the iso-
lation of its charge, whil ing_condensers to take
the place of grounds as reservoirs from which and to
which a charge may be moved by a variable capuciion

Using condensers as reservoirs nas the advantage over
using the ground as a source of electrons or other
charges in that the condensers become sources of en-
ergy for doin ctrical- work when a charge scpary-

ton s produced across their plates. Since radint en-

ergy can be made to change capacitance repeatedly
through the use of a'radiation-variablc CApaciion. it Cad
hereby cause a charge separation which results n
charging capaciicrs according to the mechanism of this
present generator. Electrical energy may be remosed
from the lixed capacitors in the form of usable electric
power at the same time that the condensers continue 1o
be charped
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Further clarnication of he clectnic mechanism s
wellas clanification of the way m which di lectrie con-
stant change is improved is given by reference 1o the
drawings,

FIG. 1 of the drawings shows a d.c. variable capaci-
lance generator without a transformer and in a simple
form.

FIG. 1a 1s 3 diagram of a charge flow as capacitance
dccreasss and voliags ineroanen - - —— . _

FIG. 16 is a diagram of charge flow as capacitance
increases.

FIG. Ic shows total current flow as the variable ca-
pacttor repeatedly changes.

FIG. 2is 2 partial and incomplete generator requiring
an external source of current.

FIG. 3 shows u schematic of an integral variable
capacitance generator for producing a direct current
and without a transformer.

FIG. 4 depicts a variable capacitance generator cir-
cuit employiug a radiation-variable capacitor as the
variable capacitance source.

FIG. 5 shows a radiation-variable capacitance gener-
ator employing multiple radiation-variable capacitors.

FIG. 6 shows a diagramatic view of a charged capac-
itor in which the conductivity of a phosphor grain ena-
bles a charge separation across the grain and reduces
the effect of the electrostatic field within the grain,

FI1G. 7 of the drawings shows a nonconducting grain
in which the electron polarization of the ions, atoms and
molecules within the grain can greatly afTect the dielec-
tric constant of the grain.

FIG. 8 of the drawings is a pictorial representation of
electron polarizability increasing with a consequent
dielectric increase.

Referring then to FIG. 1, rectifier 1 allows electrons
to move from the ground to capacitor 3 only, while
rectifier 2 allows electrons to Now from capacitor 3 to
ground only through resistor 4. Resistor 4 represents
any electric work load.

Referring then to FIG. 1q as capacitor 3 opens and
reduces ife canacitance. electrons are no longer tightly
bound to plus charges, but repel each other, moving
charge to ground through resistor 4.

In the following FIG. 15 as capacitor 3 increases in
capacitance, electrons are attached to condenser plates
opposite isolated positive charge. Incoming to 3, they
move through 1.

Then in FIG. Ic the total current flow can be seen
moving in one direction from ground to ground
through 1, 2, and 4 us a result of repeated capacitance
changes in 3.

Referring now to FIG. 2 current from source 7 fills
and charges capacitor 8 through rectifier 9, and when
capacitance of 8 decreases voltage rising on 8 is pre-
vented from returning charge to source 7 by rectifier 9,
but rectifier 10 allows current with clevated voltage to
continue to work load 6 with incressed voltage. The
mechanism of FIG. £, thereby differing from that of
FIG. 1 in that the mechanism of FIG. 1 requires merely
an isolated charge, while that of FIG. 2 requires a con-
stant source of current.

Referring tien 1o TIG. 3 und the generator using
capucitors as reservoirs in place of ground reservoirs. A
charge placed on variable capacitor 11 also charges
condenser 13 moving through rectifier 12 and this same
charge source charges 14 through 12 and through load
resistance 16, The dotted line connections from power
source 18 are intended o show that 18 iy yeed anly

10
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esirable.
v asirable.

occasionally for gharging purposes and ther retion o
from the generuling circuit A porton of the 1ol

charge of all three condernsers mo et from 111013 10 14
when the capacitance of 11 decreases and 11 veltage i
thereby caused to rise. For instance, when electrons are
on the upper plates of these condensers and the capaci-
tance of 11 s made o decrease, the voltage on 11 and
therefore the electron pressure rises forcing electrons
rhrnugh 12 1ty 13 anid throuceh 12 and 16 :0 14 Stibae-
quently, when the capacitance of 14 again s made 1o
Increase, having lost some of its charge during the per-
iod when the voltage was higher, capacitor 11 is at this
time left with a voltage lower than and a number of
electrons on its top plate less than 13 and 14. Because of
12 rectifying electrons cannot flow from 13 through 12
to 11, but they must come from 14 via 17 to 11. The
cycle is repeated the next time the capacitance of 11 15
made to decrease and the electron flow in this example
will always be in one direction through load resistance
16.

In reference to FIG. 4, condenser 24 and 23 corre-
spond to condensers 14 and 13 respectively of FIG. 3.
Similarly, rectifiers 27, 22, of FIG. 4 correspond respec-
tively to rectifiers 17, 22, of FIG. 3 with a similar corre-
spondence between resistors 26 and 16 of FIG. 3. Light
or radiation-varishle capacitor 21 is shown in FIG. 4
and its dielectric material undergoes an effective dielec-
tric constant change under the infTuence of radiation
when the radiation excites electrons in this material to
excited, i.e.. metastable states. When electrons in signifi-
cant numbers populate orbitals farther removed from
the nuclei of atoms in the dielectric constant greatly
increases, thereby increasing the capacitance of the
radiation variable capacitor. When electrons subse-
quently return to the ground state, the condensers ca-
pacitance thereupon decreases (o complete one cycle of
variation as radiation first impinges upon and then is
removed from this variable capacitor Repeated cvchne
produces repeated changes. The material of this con.
denser's dielectric may be composed of any or of any
combination of a large number of insulating phosphors
or of photoreacting nonconducting ferroelectrics, and
the alternation between periods of radiation on the di-
electric and periods of absence of radiation is accom-
plished by means of a shutter periodically interrupting
t jati reflector directing a
of radiation to and from this dielectric, as in copending
applications 663,927 and 669,384,

Radiation-variable dielectric material of this present
invention which is based upon the exclusion of electri-
cal conductivity from excited state compounds is real-
1zed in a number of ways. It is realized when ions of 4
radiation absorbing nature exist in a solid non-conduc-
five solution such as a glass Tike borate glass, called
crown glass. The neodymium ion produced by the solu-
tion and eacited by radiation like visible light to a meta-
stable state must be in sufficient concentration in pro-
portion to the total mass of (he solution that its (the
10n’s) contribution to the total dielectric constant wall
be significant. Mole concentrations of up to six percent
4re hNOwii i6 52 used in Blass luscis for exampie, and_Liie.
vse of glasses desolving this and higher propartions gre

Likewise Yitrium aluminuin garnet Y;A L«O>»
which 1.5 or more of neodymium oxide v dissols el
provides u light sensitive insulating dielectric for a light
vanable capacitor as does a 205 or more solution o
neodymium oxide 10 caicium tungstenate Agan neo-
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dymun ons can be formed m caleium lithium borate
elass called Calibo and by a smular dissaving of their
onides any or any combination of the 1ons ol Neodym-
wm, Yttebiwm, Gadolinum  and  Holmium can  be
sources of metustable-excited states when 1n solution in
lithium silicate  glasses such  as LixO—Mgo—AL-
20 =510,

Ruby crystals in which 0.5 percent of Chromium

et el e e T N TNt ] Vioacd fepm AT
mnra
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ALOimay bovured acn
licht vanable diclectric of highly insulating qualities.
The oxides of Uranium, Neadvmium, Samarium, Dys-
prosium, Thulium and combinations of these may all be
dissolved i a gram mole percent of 0.5 percent and
more into Calcium Fluoride, CaFs to provide radiation
varible dielectrics. These same last mentioned oxides
may likewise be dissolved into Barium and Strontium
Fluorides in siilar proportions for the same result
namely the production of light variuble dielectrics.
Nickel and Cobalt excitable ions are similarly provided
for light variable dielectric material by dissolving ox-
ides and other salts of these metals in similar small pro-
portions into MgF> and/or ZnF.. s

Generally, divalent and trivalent rare earths inay be
dissolved into glasses and crystals employed in the laser
art both according to the proportions of that art as well
as with higher concentrations of the rare earth ions to
provide electrically non-conductive light and radiation
variable dielectrics for capacitors (o be used in variable
capacitance gencrators for_the provision of electric
power.
~In a further embodiment of the basic inventive con-
cept sensitized fluorescence is used to broaden the range
of radiation frequencics that can be accepted by the

hosphor. For instance, active Thulium ions dissolved
in crystaline CaMoOgare made to benefit and be excited
by a much broader range of frequencies when combined
in this host crystai with a small percentage of Erbium.
in the same host crystal Holmium and Cibium perform
well together. When Yttrium Aluminum Garnet is em-
ployed as the host crystal Erbium and Ytterbium combi-
nation of active ions broaden the absorption spectrum as
do other cumbinations. fc instance Thulium and Hol-
mium as well as Neodymium and Ytterbium.

Again the absorption spectrum may be broadened in
a dielectric utilizing Holmium and Thulium ions dis-
solved in Erbium Oxide even though Holmium alone is
a very active ion in Erbium Oxide host crystal. Combi-
nations are effective in glass dielectrics as well and
while none of the above combinations used as examples
1 intended to limit the combinations possible they are
noted to stress the principle. The combination of ions of
Yiterbium, Neodymium and Erbium dissolved together
in_hithium silicate glass provides a_dielectric_with a

25
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broad band of absorption. Similariy, mixtures of any or

all of the fons ol Cs, Uoy, Cu, Mn with Neodymium ions ¢

in a lithium silicate or other suitable laser type glass will
cause broader absorption and greater activation of the
Neodymium ions.

Generally these glasses and crystal matrixes are
melted according to standard state of the art technology
for lasers und a high concentration of any salt of the
active o ol the desired activatorZactivator. i dis.
solved to melt, the concentration density being the
highest possible consistent with strong fluoresence at
high excitation levels. These glasses or crystal inatries
are then cooled and ground to a line powder or frit. The
powder as applied 1o a metahie conductive plate and
enameled omo the plate by heating 1o the fusing point of

6s

8

the ciiatind] After x.'l‘"‘:lh_x_' aouondaitee
Stanmic onde. Indium ar (4.2
ted on the diciectne enani o provade the opposine
piate of the condenser The thickness of the ciameled
layer ol hght-variable diclecinie must be areal enowegh
o prevent electnic breakdown of insulation at the mar-
ticular voltage used i the renerating circuit The di-
electric enamel must be thick cnough und doped with

laver such as

s then vacuum depes-

The active olameant 1o oih oo, t ol s hoark and

2 st st s T
interact with a sufficient quantity of hight Alkal halides
such o< the salt Potassium cliloride aotivated with Tolls.
rium are nonconducting phosphors based upon meta-
stable state phenomena which undergo diclectric con-
stant change when excited by light or ather radiation
and therefore provide the dielectric material of this
generator’s capacitor. Similarly, Rubidium halide phos-
phors activated with a few percentage parts by weight
of Tellurium exhibit a phosphorescence based an elec-
trons being raised to excited states which lie below the
conduction band and are therefore nonconductive and
provide suitable material for the dielectric of the gener-
ator’s variable capacitor. Such alkali halide and rubid-
ium halide phosphors are also activated for dielectric
constant change by the addition of up to several per-
centage parts by weight of metals such as lead, tin,
gallium, indium, germanium, copper, silver, europium,
etc.

Numerous ferroelectric compounds can absorb light
encrgy and are otherwise responsive to radiant energy.
This class of materials therefore provides capacitor
dielectric changeable by the influence of radiation and
useful for application in this generator. Some examples
are lithium tantalate, LiTaOy;, lithium niobate, LiINbO;,
tungsten trioxide, WO, etc.

This light or radiation-variable capacitor 21 of FIG. 4
is usually constructed with two condenser plates be-
tween which is a very thin (2 to 10 mils in thickness)
dielectric material of very high dielectric strength. A
transparent electrically conductive material is used for
at Teasrone of the condenser's plates. The transparent
conductive material must be transparent to the partica.
lar frequencies of radiation employed. Any or any com-
bination of the above insulating radiation-variable di-
electrics is employed as the dielectric material between
the condenser plates. Those dielectrics whose composi-
tion depends on solid solution in a glass may be posi-
tioned between the condenser plates in the form of glass
plates or may be enameled onto the condenser plate
according to the technique of fritting. Other powders of
the above dielectric materials which mix with glass may
be enameled with glass powder onto one of the con-
denser’s plates. Powders of the above dielectric materi-
als may likewise be suspended in plastic mnsulators as iy
practiced in the electroluminescent panel art.

Referring then to FIG. § exciter power supply 31
places a charge on capacitor bank compuosed of fined
capacitor 32 and radiation-variable capacitors 33, 34, 35,
36 and 37. Exciter power supply is removed leaving a
charge upon all capacitors which load resistor 38 is not
able to remove, since the entire upper assembly com-
posed of all rectifiers, and resistor 38 merely forms .

COMINLNN st Doae 1)
canm o sunnoolion or Lae

e T Tt
SppeTE pleaaThL L

tors, and cannot discharge the capacitor bank, as no
current path 1s ever formed across the capacitor hank
Even capacitor in the bank has a portion of the total
charge depending upon its capacitunce value Light o
ather radiation (such as UV isfiared or nuclear radia-

bond iy madented successively, or sy dimeiiitely

Ll
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upon radiation-variable capacitors 33, 34, 35, 36, 37, Referring next to FIG 7 ot the draswings charges
The light or radiation increases the capacitance of the placed on capacitor plates 71 and 72 introduce an cleo-
particular_capacitor/capacitors it 1s Impinging at any tric field in dielectric insulator 73 in which are embed
given instant in time. The particular capacitor/capaci- ded non-coriductive phosphor grains 75 which arc sume
fors receive a large portion of the total charge of the s o many such phosphors wathin the dielectrics insulat-
entire bank at the time they are receiving radiation. ing embedding medium (The other phosphor grains are
Every charge redistribution caused by any and every not shown). In that grains 75 are non-conductors the
capacitance change in the network, must move through influence of the electric field is experienced upon polar-
"CarTCopond) ridge network rough resistar 38 _ _izahle_inns, atoms and_moleculs, 74 wathin the eran
0 make the shares of the total charge correspond tothe 10 thereby enabling the polarizability of atoms, ions and
new capacitive values of each condenser. For instance, molecules 76 within the grain to make a significant
if radiation is incident upon radiation-variable capacitor contribution to the total dielectric constant and thereby
33, and its capacitance is thereby increasing, it is permitiing the dielectric constant to change when po-
thereby receiving electrons in the process of redistribu- larizability changes.

tion through rectifier 43, buf'it cannot receive electrons 15 Referring then to FIG. 8 of the drawings, charges
mwmw laced on capacitor plates 81 and 82 introduce an elec.
electrons which come through resistor or load 38. tric field on insulating dielectric and insulating grains of
These electrons may be supplied by capacitors 32, 34, phosphor 8% causing an electron polanzation across an

35, 36 and 37, through rectifiers 41, 44, 46, 48 and 50, excitable ion 84 shown dia rammatically by an exten-

out all of the electrons to 33 must flow through 38 20 sion of the ¢ 1 ield. L

where electric work can be done. arther extension of this electron cloud when it is subse-
—_1___-_'_—'__—'"_—‘—-_—‘—__

Similarly, if, instead of 33, radiation were falling upon quently raised to an excited state by means of radiation

capacitor 36, all electrons coming to 36 in the redistri- is sShown by cd lines 86 representing a light induced
bution, would flow through only rectifier 49.%-«3—_ Increase in dieleciric constant value of ions, atoms or
ing through load resistor 38. These electrons would 2s molecules of the diclectric thereby causing a total di-
come [rom the upper plates of 32, 33, 34, 35 and 37 via elecinc constan ith ligh

rectofiers 41, 42, 44, 46, and 50, and each electron radiation.

would, of necessity, move through 38, where it would I claim:
be able to do work. In the same way, any condenser, 1. A method of generating direct current electricity

that would B¢ increasing in capacitance at any instance, 30 from radiant energy by means of radiation variable
would receive electrons from a current flow through capucitance by:

38. The same is true of any and all combinations of periodically directing radiation on a rad:ation sensi-
radiation-variable capacitors, which should receive tive dielectric material whose effective dielectric
radiation simultaneously, and be simultaneously increas- constant changes under the influence of incident
ing in capacitance, i.e., if 33, 34, 35, 36, and 37 were all 35 radiation,
receiving electrons due to capacitance increase, then placing an electric charge on said radiation-variable
rectifiers 43, 45, 47, 49 and 51 would be admitting elec- capacitor and removing the source of the charge,
trons to all of those capacitors, with all of the electrons employing said radiation-variable capacitor in an
coming from fixed capacitor 32 via 41, and all of the electric circuit comprising two rectifiers, and an
electrons flowing through work load resistor 33. 10 electric load resistance and two fixed condensers in
Alternatively, if all radiation-variahle capacitors such a manner that the initial charge on the vari-
were darkening from the removal of radiation, except able capacitor is distributed through a rectifier 1o
33, which is receiving radiation, then the darkening one fixed condenser as well as through that recti-
capacitors, which are thereby undergoing an increase in fier and through a load resistance to the other fixed
voltage and a decrease in capacitance, will be impelling 45 condenser, all three condensers having a common
electrons 1o 33 and 32. The electrons must travel connection on their plates opposite the rectifier
through 40 and 43, all of them moving through 38 via connections and,
44, 46, 48 and 50. In the event only one was darkening employing the alternate voltage elevations and de-
and increasing in voltage, while decreasing in capaci- pressions from the activated radiation-variable
tance, the current flow would still, of necessity, be 50 condenser in such a way that, when that condens-
througii 38. For instance, if 35 were alone, darkening its er's voltage is elevated by having its capacity re-
rise in voltage would impel electrons through 46 and 38 duced, the rectifiers connected to its terminal will
to 32, 33, 34, 36 and 37 via 40, 43, 49 and 51, all the allow the current flowing from it to move in only
current still, of necessity, passing through 38 one direction as it elevates the voltage on the two
Referring then to FIG. 6 of the drawings, charges 55 fixed capacitors, one rectifier functioning to con-
placed on 61 capaci*nr plates and 62 introduce an elec- duct current at this time with the second rectifier
tric field in dielectric insulator 63 in which is embedded functioning during a subsequent period of de-
conductive phosphor 3rains 65 which are some of many pressed voltage on the radiation-variable capacitor
such phosphors within the dielectrics insulating me- to admit current from the fixed condensers which
dium 63. (The other phosphor grains are not shown). In 60 at that time will have higher voltage than the radia-
that grains 65 are conductors the influence of the field is tion-variable capacitor will have, providing for an
effectively exciuded from eleciron polarizabie ions, isolation of the total distribuied clarge by Hisuting
molecules and atoms 66 within the grain and recipricall that no resistance is connected across any con-
the polarizability contribution of polarizable ions, atoms denser or group of condensers sharing the toral
and molecules to the total dielectric constant is ex- 65 charge, periodically restoring any of the solated
cluded or greatly diminished. Because of this radiation charge which may have leaked off of the condens:
stimulated polarizability changes are prevented from ers by occasionally connecting the power supply

causing dielectric constant changes. and then removing i,
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utihizing electsie power from o one direction current
flow through the load resitance from which useful
work energy 1s extracted
2. A method of generating direct current electricity
by means of radiation-variable capacitance as in claim 1
in which the radiation-variable dielectric material of the
radiation-variable condenser is an insulating, non-cen-
ducting phosphor the photoactivation of which is not

“Uuawd upoii photceandugtivity and the precsence of trap.

ping centers but upon the absorbtion of radiation by an
activator element such as an ion, atom or molecule
which is excited by the radiation to an energy state
below the conduction band.

3. A metho. of generating electricity as in claim 2 in
which the insulating, non-conducting phosphor dielec-
tric is a dielectric selected from the group consisting of
alkalai halide phosphors and rubidium halide phosphors
activated by one activator selected from the group
consisting of tellurium, lead, tin, gallium, indium, ger-
manium, copper, silver, and europium.

4. A method of generating electricity as in claim 2 in
which the insulating, non-conducting phosphor dielec-
tric is a dielectric selected from the group of glass laser
phosphors in which mcialic oxides selected from the
group consisting of neodymium, gadolinium, holmium
and combinations of these are disolved in lithium sili-
cate glasses thereby providing excitable ions.

5. A method of generating electricity as in claim 2 in
which the insulating, non-conducting phosphor dielec-
tric is a dielectric selected from the group of crystal
laser phosphors consisting of phosphors in which the
oxides of metals selected from a group of metals consist-
ing of uranium, neodymium, samarium, dysporsium,
thulium, are disolved into fluoride salts se!c ted from
the group of fluoride salts consisting of calcium fluo-
ride, barium fluoride and strontium flucride.

6. A wethod of generating clectricity as in claim 2 in
which the insulating, non-conducting phosphor dielec-
tric is a dielectric selected from a group consisting of
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crystal waser phosphors i winc il
disolved into aluminum ovde
7. A method of generating clectricity as i claim 2 1n
which the insulating. non-conducting phosphor dielec-
tric is a dielectric selected from a Eroup consisting of
neodymium oxide disalved in vitrium aluminum garnet
and neodymium oaide disolved in calcium tunstenate
8. A method of generating direct current electriciny

R % (O L

_from radiant energy bv means of radiation-variabl=

capacitance by:

forming a capacitor bank of many radiation-variable
capacitors and one fixed capacitor having one set
of plates from each capacitor connected to one
common terminal, each single condenser's opposite
plate being connected to its own et of two rectifi-
ers, one rectifier of each set of two enabeling nega-
tive current flow outward and away from each
single condenser and the other rectifier of each set
of two enabeling current flow 10 the single con-
den_er to which it belongs, those terminals of all
rectifiers able to carry only a negative charge from
their respective capacitor all being connected 1o a
common terminal, this terminal being the negative
output terminal of the generator, the other rectifi-
ers of each set of two tha* is connected to each
capacitor thereby enabeling current flow inward
and each said single capacitor and each of said’
rectifiers having a terminal through which current
can only flow to its capacitor, said terminals being
connected to a common terminal forming the gen-
erators positive terminal and, charging this capaci-
tor bank with a power source and removing the
power source thereby providing a bank of charged
condensers isolaied from the power source and,
alternately providing periods of radiation and non.
radiation on the radiation sensitive dielectric of
each condenser and, extracting useful electric
power from ar clectric load connected across the
output terminals.
L L] . L] L]
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[57] ABSTRACT

The apparatus uses a magnetic field (80) to accelerate a
charged particle radially towards a target electrode
(10). The inc kinetic energy of the icles ena-
bles icle to give up more electrical energy to the
target electrode (10) than was init ven to it. This
charges the target electrode (10), and the increased
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1
ENERGY CONVERSION SYSTEM

This invention relates to a process and apparatus for
generating a potential difference between two or more
electrodes and using charged particles as energy cami-
ers.

Electrical power is usually generated by burning a
fossil fue! and converting the energy released into ro-
sy motion which drives electrical generators. This is
cost-effective only if carried out on 2 large scale, the
conversion process being inefTicient; utilising natural
fesources, and producing waste products which can
Cause serious environmental pollution. An additional
disadvantage is that the electrical power cannot be
supplied directly to road vehicles or ships.

The energy-conversion process of this invention in-
volves no health or polivticn hazard and zenerates
electrical power directiy by & single-stage pricess with.

overall

Sul wasie 5 ThHe ensrgy-conversion
TS:TW‘—F%mm ratio are both kigh, makisg

the apparaivs suitable for most fixed and mobile applica-
tions.

One known apparatus for doing useful work by oper-
ating on electrons with a magnetic field is celled the
“betatron™. This includes & doughnut-shrped vacuum
chamber betwaen the poles of a speciall y-thaped elec-
tromagnet. Thermionically-produced electrons are in-

15

Jected iato the chamber with an initial ew_m

energy of sbout 50 keV. As the nagnetic fiel ds up
Hun-’!yag i3 poaitivego.ng half-cycle, it induces an electro-
motive force within tha doughnut, which force acceler-
ates the =lactrons and! forces them to moVve in an arcuate
path, by intersctics with the magretic field. An impor-
tant distinction tetwera the betatron and the energy
cnverter of this invention is that in the former the mag.
netic field has got to be able to increase over a very
short peried, in crder 10 accelerate the electrons suff-
ciently, wheress in the iagior the magnetic field is virtu.

ally conatent and the ziectrons fali inwardly to give us

35

both their kinetic Snergy and elecis charge 1o » cent.
HW——"’E_ Reloscentral
~The

present invention aima at providing an energy
converter which may be movile and which has a perma-
nent magnet or an energised source of magnetic radia-
tion assccisted with it in order to amplify the electrical
energy initiaily imparted to charge particles fed to, or
produced in, 8 so-called “vacuum" chamber forming
part of the generator, which increased energy is ex-
tracied from the target electrode on which the particles
&re incident

Accordingly the present invention provides an en-
€Igy converter which is as claimed in the appended
claims, :

While the invention is not '0 be limited to any partic-
ular thecry of operation, it is based on the fact that,
when a charged particle is constrained to move through
a radial distance d (irrespective of the path which it

carrying a charge e, and moving at a speed v over dis-
tarice d, the total force on the electron is the centripetal
force TH.e.v, less the force exerted on the electron in
the opposite direction by the centrifugai force, which is

Imvir-1 By making the radius of the centre electrode |

appreciably greater than the orbit of equilibrium, the
centnfugal force can be minimised, thus maximising the

45

35

65
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centripetal force, and hence the work done in bringing
the charge 1o the electrode.

The process by which the converter of this invention
works uses, as a source of charge, elecmcally-charged
particles, for example electrons and/or ions. Two or
more electrodes arc hcused in a low-pressure chamber
A magnetic field as specified below traverses the cham-
ber: it emanates from a permanent magnet, electromag-
net or a source of msgnetic radiation. An external
source of energy is used to 8ive the charge particles
initial kinetic energy, for example by heating, accelera-
tion through an electric field, or from nuclear radiation.

ENergy-conversion process uses the magnetic field
to transfer the charged particies along a desired orbit
until they impinge on a central electrode (cathode). The
work done on the particles (therefore the electrical
potential attained by the cathode) is proportional 1o the
resultant magnetic force times the distance over which
ihe force acts. As the particles move within the cham.
ber they cross the magnetic field. This produces a force
acting on the particles, the force being proportional 1o
the field strength, speed and electrical charge of the
particles, and the sine of the angle of incidence between
the peth of the particle and the magnetic lines of force.
This force has an aigular component and s centripetal
one, whick forces the particles 1o travel along a spiral
orhit.

An oppcsing centrifugal force also acts on the parti-
cles in opposition 1o the centripetal magnetic force. The

petential is proportional to the work required
to be done on the charged particles to overcome both

The radius of the electrode determunes the minimal
value voltage between the central and an outer elec-
trode: as the central electrode radius is reduced (by
sputtering or erosion) the centrifugal force increases,
reducing the number of charged particies which can
reach the central electrode and iherefore the eiectrode
potential, for a given field strengih and particie speed.
The difference in mess between ions and lighter
charged particles, such ss electrons, results in different
centrifugal forces for given particle kinetic energies.
The generator output and efficiency are optimised
when the generator uses the maximum magnetic field (o
minimise the centrifugal force and to maximise the ra-
dial distance over which tae force acts for a given field
strength. Particles aaving the highest charge-to-mass
ratio should be used.

Low pressure gases can be used as a charge source
when ionised by particic coilision and excitation within
the chember, Doped gases can minimise the energy
level for ionising BA3 ztoms/moiecules thereby improv-
ing efficiency. However, tie resuitant magnetic force is
lower for the heavier ions Gue to their lower velocity so
that the elcctric field radiated by the high voltage elec-
trode (cathode) can atiract oppositely charged particles
(+ ions) and subsequently discharge the electrode re-
ducing the cutput voltage. Various methods can be used
10 overcome cor reduce this effect. For example one
method would be to separate the opposite charges and-
/0r 10 use electrical biased grids to control the flow of
opposite charges 1o the high voltage electrode
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Gaseous systems are generally more complex than
single charge systems, providing higher currents ar
lower voltages, whereas single charge systems. for ex-
ample electrons used in high vacuum chambers, can
generate higher voltages.

The magnetic field can be fzom one or more perma-
nent magnets and/or from one or more clectromagnets;
a static magnetic field produces a constant output volt-
age, while a varying field produces a varying voltage
for particies with equal mass and velocity.

An external source is used to accelerate the charged
particles to give them initial kinetic energy, which is
released as heat when the particles collide with the
electrode. When the energy represented by the in-
creased voltage between the electrodes is greater than
the energy required to provide the charged particles:

and accelerate them, the conversion process is self-sus-
taining, the output ener i tween
: um Of the uinetic energy lost and the energy gener-

ated. Charge flows from the central electrode via an
external load to another electrode. The electrical en-
ergy (work) relessed is a function of the current (sum of
charges that flow per second) times the potential differ-
ence. Electrical and thermal output can be controlled
by varying: the field strength; the particle speed; the
particle density (mean free path), and/c. by incorporat-
ing a grid to control the rate at which particles reach
the central electrode. The output is alsc proportional to
the heat lost or gained, since the translational energy of
the particle is proportional to its temperature. Heat
liberated at the electrode can be returned to the parti-
cles to maintain their energy, or be utilised in a heat
exchanger for external use. The generator normally
uses non-reacting conductive material to prevent chem-
ical reaction by gases, coolants etc. with the electrodes,
container walls or other components. Various particle
trajectories, directional movements and positioning of
the orbiting particles can be used with appropriate mag-
netic fields. The low-pressure 8as can be ionised by any
suitable means: one method would be to use an electron-
/ion gun where the plane and direction of the injected
particles is correct for the applied magnetic field. In gas
apparatus, the clectrons flowing through the external
circuit, on reaching the anode, recombine with a gase-
ous ion to form a neutral gas atom/molecule. This
atomic particle is duly re-ionised by collision and/or the
electric fields, the energy being directly or indirectly
derived from the work done by the resultant force act-
ing on the charged particles.

In order that the invention may be better understood,
it will now be described with reference to the accompa-
nying schematic drawings, which are given by way of
example, and in which:

FIG. 1 shows schematically a cross-section of the
generator; and the path followed by a particle during
the energy-conversion process;

FIG. 2 shows an axial cross-section of one type of
apparatus for the invention, using permanent magnets;
and a gnd controlling ion migration to the cathode.

FIG. 3 shows a cross-section of the apparatus of FIG.
2 along the line A—A;

FIG. 4 is a diagrammatic section through one form of
converter using electrons, showing a circular series of
electron sources;

FIG. 5 is an axial cross-section through a morepracti-
cal embodiment of the FIG. 4 converter;

FIG. 6 13 3 section aiong the line VI—VI of riG. §;

A
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TEUC Tield between the electrodes. ThiS energy 1s 3 ves
up on impact with the central electrode, in the form of
% fﬁ%ﬁmﬁm—[
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FIG. 715 a cross-sectia LI a gz
nutshaped (toruidal) figh-rower converier

FIG. 8 1s 4 section on ine A—aA of FIG i

FIG. 9 15 s scheme of o IWo-stage converier ...
both forms of clurgey particies concurrentiy

As shown in FIG 1, a charged parucle 1y Injedicd
along a trajectory 2 into a magnetic field curendir,
normal 1o the plane of the drawing. The field permeates
the space 4 of the annular cross-section within a cylin-
drical chamber 6. The magnetic field produces on the
particle s force extending normally to both its direction
of motion and the magnetic field. The resultant centrip-
etal force causes the particle to follow a spiral path 8
ending on the central electrode 10 spaced radially in-
wards from the outer cylindrical electrode 12. The
€xtra energy acquired by the particle is a function & the

1stance trave, and the strength of the mag-
1e tween the electrodes. ener

P R

L o

n the ab-
sence of the central electrode 10, the electrons would
follow the orbit of equilibrium 3, this being the orbir
followed by a particle when the centrifugal and centrip-
etal forces balance, resulting in no work being done on
the particle.

As shown more particularly in FIGS. 2 and 3, the
energy converter 1 consists basically of a annuiar cham.
ber 6 having an outer cylindrical electrode 12: an inner
electrode 10, and two gas-tight walis 14 of
electrical insulation material. In the electrode 12 is a
port 22 through which an electron gun 20 can inject
electrons into space 4. Additionally or alternatively, an
ion gun 18 can inject positively-charged particles
through port 16.

Seated on the major flat surfaces of chamber 6 are
magnetic pole-pieces 24 giving rise to a uniform mag-
netic field 80 which traverses the space 4 parallel with
the axis of chamber 6. The magnets may be ceramic
permanent magnets, or they may be electromagnets. In
either case, means (not shown) may be provided for
adjusting the magnetic field strength.

Heavy conductors 26 connect the two clectrodes to
terminals 28 across which a resistive load can be placed

to dissipate the generator o :
TI%}W% its inlet in commu-
nication with the interior of chamber 6 so that the gas
pressure in the generator can be reduced to, and kept at,
a desired sub-atmospheric value. Associated with the
pump, or separate therefrom, may be means for ensur-
ing that the gas in the generator is of a desired COmposi-
tion, for instance, one which enhances the possibility of
ionising collisions between the charged particles and
gas atoms or molecules. Cne such suitable gas would be
neon containing 0.1% argon by volume.

In order to cause the generator to start working, it s
necessary to start the vacuum pump and to energise the
or cach particle source. The latter involves heating a
filament from an external source of powrs unul the
required internal energy level (temperature) 15 reachedd
which in turmn causes a piece of thermo-emissive mate-
rial to emit electrons. If the electrons are 10 be the
charge carriers, they are accelerated by a suitsble !
tric field and projected into the space 4. Here they ure
further accelerated by the radial electne field betwer:,
the electrodes, and at the same time have a4 delles
force applied to them by the axial mugnens
through which they pass

Tl
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For an 10n source, the electrons are accelerated untl
they impact some atoms or molecules, 1o produce 4
stream of ions which likewise pass into the space 4
With the polarities shown, the electrons are attracted 1o
the central electrode, while the ions are pulled towards
the outer clectrode, which accounts for the different
onentanons of sources 18 and 20.

Any gas molecule which pass close 10, or Between,
the electrodes are ionised by collision and/ar the elec.
trestatic field. Output current can then be taken through
a load impedance connected ACross terminals 28 The
impedance is matched 1o prevent the interns! process
erergy dropping below a valus whick would prevent
the reionisation of the gasedus aicms. As each ion s
deionised at the anode, the Bas atoms wil! tend to con-
tinue to circulate unti) reionised, the resultant force
drawing both the ions {shown by solid circles) and
electrons (shown by hollew circles) back into their
respective orbits. .

It is envisaged thai, in the case of a converter using
electrone. the chamber couid be evacuated to a chosen
subatmospheric pressure and seaied.

In thet form cf the invention shown in FIG. 4, =5ch
eleciron source foruing one of a circular series 28 of
sources has a body 30 of electroemissive material, such
as molytdenum costed by caesium, ' ested by an 2jxc.
tnc filunent 32 connected in series or penille! acress &
scurce of electric power (not shown). Immiediately in
front of each emitter 30 is 2 gric 34 of finz wires, ail the
grids teing connected with a source of adirstable voli-
887 %0 42 10 coatrul the flow of electrons from the enit-
ter. Thess elecirons are projected through one or more
acceleration electrodes 36 across wkich ¢ potential dif-
ference is csiablished along the electron psih, 30 that
each incremeniai electron source injects s stream of
electrons having known kinetic energy into & space 38,
indicazed by the circle shown in a broken line, traverse¢
by the deflection magnetic field, within whick is the
ceuirdl, target, electrode 40. The stream of electrons
injected into the magnetic field may be focussed by
electric and/or magnetic fields.

In the remaining Figs, those parts already referred to
will retain the same references.

4,772
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In the “flat disc configuration shown in FIG. 8, the 45

annulsr chamber € is enclosed in a body 42 of thermal
insulatioss material. The central electrode 10 is seated on
insulators 44 which are pierced by conduits 48 for the
Passsge of a coolant fluid and by an output lead 26,
which may extend aloug the conduit so thar it 100 is
cooled.

FIG. 5 shows how the deflection magnet is generally
U-shaped. and has two annular pole-pieces 48, so that
the magnetic field is uniform between the surface of
electrode 10 and the region 38 radially innermost of the
circular electron source, the electric field between the
electrode 36 and emission surface 61 providing the elec-
trons initial accelerations (kinetic energy).

FIG. % aiso shows how a voltage is tapped off the

50

33

resistive load 4 (which thus functions as a potentiome- &0

ter) and is fed through to the acceleration electrode 36.

Chamber 6 is alsc provided with two annular mag-
nets 49 {or a circular series of incremental magnets)
designed to influence the direction zleag which the

electrons pass into space 38. The magnets provide local o%

magnetic fields to ensure that the electrons meet the
boundary of space 38 tangentially, ie. with zero radjal
velocity

816
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Inthat e v e s e ntisn, Yeirrwaman DU =g
the individaz] e digo™ cOmvertans of FIGYS §
4Ie arranged 10 4 (v of “oireulars CCRstrudt,yr vy
that the magnzue fields evend along the seyy oo -l
resulting reraidal space S0 Penetrated ™y =ov e 1o
dal target electrode $1 through which & _cviue, P
May pass, along conduits 52 The CFUsasseciin of FlG
8 shows that the magnetic fields are sup; lcmenied By oas
electnc field produced by windings 3 wouny -

0 magnetic core 54 bounded by insulation 58§

Apart from the fact that the electrodes are comm. :
to all converters, each funcuons individually as de-
scribed above. Obviously the power source dnving the
heaters for the electron guns 36; the electromagners (i
any): the acceleration electrodes and the control grids,
have to be of sufficient “apsciiy i0 supply the greater
power needed to drive this “ioroidal™ configuration.
Concomitant changes would need 10 be made to the
physical dimensioning and positicning of the relatively.
complex construction, but as all these are within the
purview of a competent engineer, they are not further
described in this specification.

As already mentioned, the converters of this inven.
tion are of two t¥pes, i.e. electronic and ionic. FIG. 9
shows diagrammatically how they may be combined to
take advantage of their differences. In the two-stage
power generation apparatus shown in FIG. 9 the first
Stage consists of an ioniser $20 supplying a mixture of
chaiged particles, ie. ions and electrons, io a separator
540, which supplies electrons to a second stage consist-
ing of a sealed electronic converter 560 in parallel with
2 gasedus ionic converter $80.

The separator 540 may use the different particle
masses (o separate them centrifugally using, for exam-
ple, the energy conversion system of FIG. 1 (without
the target electrode), or it may use electromagnetic
deflection fields, or a physical diffusion process, either
alone or in combination. A this 13 not part of the sub-
Jject-matter of this invention, it -vill not be descnbed
herein in any further detai;.

In the genenators of FIGS. 6 and 3. the respective
particles are defiected magnetically and accelerated
radially, to function as already described above

Because each generator is designed to operste most
effectively with jts particular form of charge carrier, 1
can be designed opiimally, thus reducing the energy
absorption caused by ions and electrons recombining
before each has fallen on its respective target electrode
Because the electrenic converter swould finish up with 4
negatively-chargad electrode, whereas the converse i3
true for the ionic converter, the load 400 extracting
energy from the apparatus i1s connevied across the two
target electrodes. The other two electredes of the con-
verters may be held at the same Fotzanal, us by being
connected together, or their potentials may float

The generator can be designed 10 produce 4 wige
range of output voltages and currents The lower.
€nergy generators are light enough 1o be mobile, so that
they can power vehicles or act 88 SIALA-Dy wencrators
Various electrode and magnet confliguraniony cuan =
used, and the generators can be connected in series or
parallel. Coolmg jackets are fitted o prevent overheot
ing in high-powered dpparatus, und the pener.ior
enclosed within & (hcrmal‘i_\'-msulgung JaChe! to rod,
heat losses ihereby nereasing partcle velociies |
high-cnergy generators, it may be necewary oo
for forced coohing of the inner cieoir ux
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projecting therefrom into a high-speed stream of suit-
able coolant.

Although the process according to this invention is
particularly suited 1o using external electrical energy, it
must be understood that other sources can be used to
provide the initial energy input, e.g. solar and waste-
procesed heat are some of the varied energy sources
which could be utilised. Control of the charge-genera-
tion process can be achieved by other means, including
one or more electrically-biased grids, as used in thermi-
onic valves.

I claim:

1. An energy conversion process for generating an
electric potential, the process comprising; providing a
source of electric charge carriers of predetermined
polarity, accelerating the carriers away from the source,
introducing the carriers into a magnetic field transverse
to the path of the carriersin a process chamber, the field
bounding an inner electrode within the chamber such
that the carriers or-:t the electrode while accelerating
radially toward the electrode; and converting the re-
sM!.ingincruudkineﬁcmcr‘yofthecuﬁminwln
electric potential at the electrode before the carriers
reach an orbit of equilibrium in which the centripetal
force is balanced by the centrifugal force on the curri-
(2 8

2. A process according to claim 1 in which the elec-
tric potential is created between the inner electrode and
an outer electrode radially spaced from the inner elec-
trode.

3. A process according 1o claim 2 in which the outer
electrode provides the said source of the charge carri-
ers.

4. A process according to claim 1 or claim 2in which
the chamber is maintained at a sub-atmospheric pres-
sure.

S. A process according to claim 1 in which the elec-
tric potential drives a load connecied between the inner
electrode and a point remote from the electrode.

6. A process according to claim 1 or claim 2 in which
the electric charge carriers comprise electrons or ions.

7. A process according to claim 1 in which further
charge carriers of the opposite polarity traverse the
magnetic field and accumulate at a second electrode to
increase the potential difference between the two elec-
trodes.

8. A process according to claim 1 in which electri-
cally biased grids contro! the flow of the charge carriers
from the source.

9. A process according to claim 1 in which the charge
carriers are separated from charge carriers of the oppo-
site polarity before being introduced into the magnetic
field.

10. A process according to claim 9 in which the
charge carriers of opposite polarity are introduced into
a corresponding second magnetic field, whereby a po-
tential difference is produced between respective elec-
trodes in each field.

11. A process according to claim 1 in which the carri-

?
‘gn are injected into the magnetic field.

12. A process according to claim 11 in which the
injection energy is produced by accelerating the carmi-
ers through an electric field.
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13. A process according to claim 11 in which the
injection energy is produced by accelerating the carn-
ers through a msgneuc fieid. :

14. A process according to claim 1 in which the injec-
tion energy of the carriers is produced by nuclear ems-
si0n.

15. A process according to claim 1 in which the injec-
tion energy of the carriers is produced by heat.

16. A process according to claim 1 in which the gen-
erated electric potential is directly or indirectly used 1o
maintain the generation of charge carriers or the inter-
nal temperature of the Space traversed by the magnetic
field, or the applied magnetic field.

17. A process according to claim 1 in which the gen-
erated electric potential is directly or indirectly used to
maintain the generation of charge carrizrs and the inter-
nal temperature of the space traversed by the magnetic
field and the applied magnetic field.

18. An energy converter including a source of elec-
tric charge carriers of a predetermined polarity, a pro-
cess chamber having an inner electrode, means for ac-
celerating the carriers away from the source and for
introducing the carriers into the chamber, means for
applying a magnetic field transverse to the path of the
carriers and bounding the inner electrode of the cham-
ber such that the carriers orbit the electrode while ac-
celerating radially toward the electrode, the elertrode
being located at a radius which exceeds the equilibrium
redius for the carrier mean velocity and applied field
strength and intercepting the carriers such that the
increased kinetic energy of the carriers due o centripe-
tal scceleration is converted to an electric potential at
the electrode.

19. An energy converter according to claim 18 in
which the chamber includes an outer electrode spaced
radially from the inner electrode, and means for inject-
ing the charge carriers into the space between the elec-
trodes.

20. An energy converter according to claim 19 in
which the outer eiectrode provides the said source of
charge carriers.

21. An energy converter according to claim 19 fur-
ther comprising an insulating wall bounding the outer
electrode.

22. A converter according to claim 18 further com-
prising means for maintaining the chamber at a prede-
termined sub-atmospheric pressure. ;

23. A converter according to claim 19 in which the
outer electrode has at least one port through which the
charge carriers can be injected into the chamber along
2 desired trajectory.

24. A converter according to claim 23 in which the
outer electrode has plural ports and each port commu-
nicates with a thermionic source of the respective carri-
ers.

23. A converter according to claim 18 in which the
chamber is a vacuum chamber.

26. A converter according to claim 18 further com-
prising electrically biased grids for controlling the flow
of charge carriers from the source.

27. A converter according to claim 22 or claim 25 in
which the evacuated chamber comprises a sealed unit.

28. A converter according to claim 18 further com-
prising means for adjusting the strength of the applied
magnetic field.

29. A converter according to claim 18 in which the
chamber is filled with low pressure gas.

L] L] L] L] L]







