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SYSTEM AND METHOD FOR STORING ENERGY

STATEMENT REGARDING GOVERNMENT INTEREST

This invention was made with United States Government support
under Contract No. DE-AC07-05-1D14517 awarded by the United States
Department of Energy. The United States Government has certain rights in the

invention.
BACKGROUND OF THE INVENTION

Field of the Invention

This disclosure generally relates to a system and method for
storing energy and more particularly to a system and method for portably
converting energy into an electrical current and storing the energy.

Description of the Related Art
Conventional portable energy storage devices, such as

conventicnal batteries and storage capacitors, are either disposable or
rechargeable by coupling the device to a remote source of electrical energy.
Disposable devices inherently limit the amount of portable stored energy
available to a user. Carrying exira disposable devices is expensive, and a user
must accommodate associated weight, storage space, and disposal
requirements. They also are environmentally unfriendly. Conventional
rechargeable devices are more environmentally friendly than non-rechargeable
devices, but a remote source of energy is required to recharge the devices and
the energy available between accesses to the remote source of energy is
limited. In addition, recharging requires user intervention.

Conventional shake-flashlights and similar shake-activated
devices provide for storing limited amounts of energy, enough to power, for
example, an LED for a brief period of time, but typically do not produce enough

energy to power a conventional flashlight light bulb, and other high current draw
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devices, for example, a cell-phone, a camera, a GPS system or a conventional
flashlight. They also are bulky and require physical activity expressly directed
to charging the device. In addition, conventional shake-activated devices are
not readily deployable to power another portable device. They also produce
objectionable levels of magnetic fields that can potentially interfere with the
operation of electronic devices, such as cell-phones and health-related devices,
such as pacemakers.

Conventional crank-powered devices have much more energy-
storage capabilities than conventional shake-activated devices, but similarly are
bulky, require physical activity expressly directed to recharging the device, are
not readily deployable to power another portable device, and may generate
objectionable levels of magnetic fields.

Electro-magnetic and electro-mechanical devices and
applications, such as, for example, motors, generators and alternators, typically
employ coils and/or magnets. Conventional magnetic structures employ a
single magnet to generate a magnetic field, or a plurality of magnets arranged
to generate a magnetic field. The magnets are typically permanent magnets or
electromagnets. The efficiency of many applications is dependant on the
gradient of the magnetic field generated by the magnetic structure.

When an increase in output or performance was desired,
conventionally the size or number of coils was increased or the size or strength
of the magnets would be increased. These approaches introduce weight, cost,
size and durability issues. These approaches also are not practical for many
applications. Therefore it can be appreciated that there is a need for improved
coils and magnets for use in electro-magnetic and electro-mechanical devices
and applications.

BRIEF SUMMARY OF THE INVENTION

In one embodiment, a coil comprises an electrical conductive
winding and a magnetic conductive winding configured to focus magnetic flux in
the electrical conductive winding. In one embodiment, the coil further
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comprises a winding form. In one embodiment, a first layer on the winding form
comprises a layer of the electrical cond'uctive winding. In one embodiment, a
second layer of the electrical conductive winding is adjacent to the first layer on
the winding form. In one embodiment, a layer of the magnetic conductive
winding is adjacent to the second layer of the electrical conductive winding. In
one embodiment, a layer of the magnetic conductive winding is adjacent to the
first layer on the winding form. In one embodiment, a last layer on the winding
form comprises a layer of the electrical conductive winding. In one
embodiment, a last layer on the winding form comprises a layer of the electrical '
conductive winding. In one embodiment, a layer of the magnetic conductive
winding is between two layers of the electric conductive winding. In one
embodiment, a plurality of layers of the magnetic conductive winding is between
two layers of the electric conductive winding. In one embodiment, the magnetic
conductive winding forms a closed loop. In one embodiment, the coil has a
trapezoidal-shaped portion. In one embodiment, the coil is wound around a
core. In one embodiment, the electrical conductive winding and the magnetic
conductive winding together comprise a dual-conductor winding. In one
embodiment, the magnetic conductive winding comprises a silver/nickel alloy.

In one embodiment, the coil further comprises a layer of insulating material,
wherein the electrical conductive winding comprises a trace formed on the layer
of insulation material.

In one embodiment, a winding comprises an electrical conductive
wire and a magnetic conductive wire insulated from and secured to the
electrical conductive wire and configured to focus mégnetic flux in the electrical
conductive wire. In one embodiment, the magnetic conductive wire forms a
closed loop. In one embodiment, the magnetic conductive wire is secured to
the magnetic conductive wire by an insulating material. In one embodiment, the
magnetic conductive wire forms a core of the winding and is surrounded by an
insulating layer and the electrical conductive wire surrounds the insulating layer.

In one embodiment, the electrical conductive wire comprises a stranded wire.
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In one embodiment, a system comprises a magnetic structure and
a coil, the coil comprising an electrical conductive winding and a magnetic
conductive winding configured to focus magnetic flux in the electrical
conductive winding. In one embodiment, the system is configured to receive
energy and to generate an electrical signal in response to the receipt of the
energy. In one embodiment, the system further comprises a mechanical
transmission system configured to receive the energy. In one embodiment, the
mechanical transmission system is coupled to the magnetic structure and
configured to move the magnet structure with respect to the coil in response to
the receipt of energy. In one embodiment, the mechanical transmission system
is configured to move the magnetic structure in a linear manner. In one
embodiment, the mechanical transmission system is configured to move the
magnetic structure in a rotational manner. In one embodiment, the mechanical
transmission system is configured to move the magnetic structure in a radial
manner. In one embodiment, the mechanical transmission system is coupled to
the coil and configured to move the coil with respect to the magnetic structure in
response to the receipt of energy. In one embodiment, the coil is configured to
receive an electrical signal and the system is configured to generate
mechanical force in response to the receipt of the electrical signal. In one
embodiment, the system further comprises a mechanical transmission system.

In one embodiment, a system comprises a coil comprising means
for conducting an electric signal and means for focusing magnetic flux in the
means for conducting an electrical signal, and a magnetic structure. In one
embodiment, the means for focusing magnetic flux comprises a winding
comprising a silver/nickel alloy. In one embodiment, the means for conducting
an electrical signal comprises a stranded copper wire. In one embodiment, the
coil further comprises a first insulating substrate and the means for conducting
an electrical signal comprises an electrical conductive trace formed on the first
insulating substrate. In one embodiment, the means for focusing magnetic flux
comprises a magnetic conductive trace formed on the first insulating substrate.

In one embodiment, the electrical conductive trace is formed on a first surface
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of the first insulating substrate and the magnetic conductive trace is formed on
the first surface of the first insulating substrate. In one embodiment, the coil
further comprises a plurality of insulating substrates, and the means for
conducting an electric signal comprises a plurality of electrical conductive
traces formed on selected substrates in the plurality of substrates and the
means for focusing magnetic flux comprises a plurality of magnetic conductive
traces formed on selected substrates in the plurality of substrates.

in one embodiment, a method for generating an electrical signal
comprises causing relative movement between a magnetic structure and an
electrical conductive winding and focusing magnetic flux generated by the
magnetic structure in the electrical conductive winding using a magnetic
conductive winding. In one embodiment, the method further comprises forming
a closed loop with the magnetic conductive winding.

In one embodiment, a coil comprises a plurality of insulating
substrates, a plurality of electrical conductive traces formed on a first set of
selected substrates in the plurality of substrates and a plurality of magnetic
conductive traces formed on a second set of selected substrates in the plurality
of substrates. In one embodiment, the first set of selected substrates
comprises every other insulating substrate in the plurality of insulating
substrates and the plurality of electrical conductive traces consists of an
electrical conductive trace formed on each of the plurality of insulating
substrates in the first set of selected substrates. In one embodiment, the
plurality of electrical conductive traces are electrically coupled in series. Inone
embodiment, the plurality of magnetic conductive traces are electrically coupled
together to form a closed loop.

In one embodiment, a method of generating mechanical force
comprises generating a magnetic field, focusing the magnetic field in an
electrical conductive element and conducting a current through the electrical
conductive element. In one embodiment, the current is an alternating current.
In one embodiment, the method further comprises applying the mechanical

force so as to generate a linear movement in a transmission system. In one
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embodiment, the method further comprises applying the mechanical force so as
to generate a rotational movement in a transmission system. In one
embodiment, the method further comprises applying the mechanical force so as |
to generate a radial movement in a transmission system. In one embodiment,
the current is a direct current. In one embodiment, the electrical conductive
element comprises layers of an electrical conductive winding and focusing the
magnetic field in the electrical conductive winding comprises inserting a
magnetic conductive winding between two layers of the electrical conductive
winding. In one embodiment, the magnetic conductive winding forms a closed
loop.

In one embodiment, a system comprises a first magnet housing, a
first magnet secured within the first magnet housing and having a first pole of a
first polarity and a second pole of a second polarity, and a second magnet
having a first pole of the first polarity and a second pole of the second polarity,
secured within the first magnet housing such that the first pole of the second
magnet is held spaced apart a distance from and generally facing the first pole
of the first magnet, so as to generate a compressed magnetic field. In one
embodiment, the first magnet comprises a rare earth magnet. In one
embodiment, the system further comprises a coil. In one embodiment, the
system is configured to receive energy and to generate an electrical signal in
responée to the receipt of the energy. In one embodiment, the system is
configured to receive an electrical signal and to generate mechanical force in
response to the electrical signal. In one embodiment, the system further
comprises a mechanical transmission system. In one embodiment, the
mechanical transmission system is coupled to the first magnet housing and
configured to move the first magnet housing with respect to the coil in response
to the receipt of the energy. In one embodiment, the mechanical transmission
system is configured to move the first magnet housing in a linear manner. In
one embodiment, the mechanical transmission system is configured to rotate
the first magnet housing. In one embodiment, the system further comprises a

third magnet having a first pole of the first polarity and a second pole of the
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second polarity, secured within the first magnet housing such that the second
pole of the third magnet is held spaced apart a distance from and generally
facing the second pole of the first magnet, so as to generate a compressed
magnetic field. In one embodiment, the coil is configured to pass between the
first and second magnets as the first magnet housing is rotated. In one
embodiment, the mechanical transmission system is coupled to the coil and
configured to move the coil with respect to the first maghet housing in response
to a receipt of energy. In one embodiment, the mechanical transmission
system comprises a repelling magnet. In one embodiment, the mechanical
transmission system comprises a mechanical repelling system. In one
embodiment, the coil is configured to receive an electrical signal and the
system is configured to move the first magnet housing with respect to the coil in
response to the receipt of the electrical signal. In one embodiment, the system
is configured to receive energy and to move the first magnet housing with

respect to the coil in response to the receipt of the energy. In one embodiment,

- the system further comprises a second coil. In one embodiment, the coil has

an axis that is at least generally aligned with an axis along which the first
magnet housing is configured to move relative to the coil. In one embodiment,
the system further comprises a second magnet housing, a third magnet
secured within the second magnet housing and having a first pole of a first
polarity and a second pole of a second polarity, and a fourth magnet having a
first pole of the first polarity and a second pole of the second polarity, secured
within the second magnet housing such that the first pole of the third magnet is
held spaced apart a distance from and generally facing the first pole of the
fourth magnet, so as to generate a compressed magnetic field. In one
embodiment, the second magnet housing is substantially perpendicular to the
first magnet housing. In one embodiment, the system further comprises a
second coil. In one embodiment, the first magnet housing is gimbaled. In one
embodiment, the electrical signal comprises a DC current. In one embodiment,
the electrical signal comprises an AC current and the system further comprises

rectification circuitry coupled to the coil and configured to convert the AC
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current to a DC current. In one embodiment, the system further comprises a
power storage system coupled to the rectification circuitry for accumulating and
storing power generated by the system. In one embodiment, the system further
comprises an inverter coupled to the power storage system and configured to
supply alternating current to an electricity distribution system. In one
embodiment, the system is configured to convert energy from waves into an
electrical signal.

In one embodiment, a magnetic structure comprises a magnet
housing, a first magnet secured within the magnet housing, and having a first
pole of a first polarity and a second pole of a second polarity, and a second
magnet having a first pole of the first polarity and a second pole of the second
polarity, secured within the magnet housing such that the first pole of the
second magnet is held spaced apart a distance from and generally facing the
first pole of the first magnet, so as to generate a compressed magnetic field. In
one embodiment, the first magnet comprises a permanent magnet. In one
embodiment, the first magnet comprises a rare earth magnet. In one
embodiment, the first magnet comprises an electromagnet. In one
embodiment, a space between the first and second magnets is substantially
filled with a non-magnet substance. In one embodiment, the non-magnetic
substance comprises air. In one embodiment, the non-magnetic substance
comprises a fluoropolymer resin. In one embodiment, the magnetic structure
further comprises a third magnet having a first pole of the first polarity and a
second pole of the second polarity, secured within the magnet housing such
that the second pole of the third magnet is held spaced apart a distance from
and generally facing the second pole of the first magnet, so as to generate a
compressed magnetic field. In one embodiment, the first polarity is a north
polarity. In one embodiment, a face of the first pole of the first magnet is at
least generally planar. In one embodiment, a face of the first pole of the second
magnet is at least generally planar. in one embodiment, a face of the first pole
of the first magnet is at least generally convex. In one embodiment, a face of

the first pole of the first magnet is at least generally concave. In one
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embodiment, the first magnet is generally rectangular. In one embodiment, the
first magnet is generally spherical. In one embodiment, the magnetic structure
further comprises a suspension system. In one embodiment, the suspension
system is gimbaled. In one embodiment; -gravitational forces are used to
position the magnetic structure within the suspension system. In one
embodiment, the suspension system is configured to employ gyroscopic
principles to position the magnetic structure. In one embodiment, the magnet
housing is evacuated and hermetically sealed.

In one embodiment, a magnetic structure comprises a plurality of
magnets and means for holding the magnets spaced apart with respect to each
other and configured so as to generate a compressed magnetic field. In one
embodiment, the means for holding the magnets comprises a magnet housing
having a threaded inner surface. In one embodiment, the means for holding the
magnets comprises tabs configured to hold the plurality of magnets in fixed
positions with respect to each other. In one embodiment, the magnetic
structure further comprises means for transmitting mechanical energy coupled
to the means for holding the magnets.

In one embodiment, a method of generating power comprises
generating a compressed magnetic field using a plurality of spaced-apart
magnets and causing relative movement between an electrical conductive
winding and the compressed magnetic field. In one embodiment, generating
the compressed magnetic field comprises holding the plurality of magnets
spaced apart in a fixed position with respect to each other such that like poles
of the magnets face each other so as to generate the compressed magnetic
field. In one embodiment, the plurality of magnets consists of two magnets and
a distance between the two magnets is less than an ambient distance. In one
embodiment, the method further comprises rectifying a current generated in the
electrical conductive winding. In one embodiment, the method further
comprises storing the rectified current in an energy storage system. In one
embodiment, causing relative movement comprises moving the electrical
conductive winding with respect to the plurality of magnets. In one

9
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embodiment, causing relative movement comprises moving the plurality of
magnets with respect to the electrical conductive winding. In one embodiment,
moving the plurality of magnets with respect to the electrical conductive winding
comprises moving the plurality of magnets along a generally linear path. In one
embodiment, moving the plurality of magnets with respect to the electrical
conductive winding comprises moving the plurality of magnets along a generally
radial path. In one embodiment, moving the plurality of magnets with respect to
the electrical conductive winding comprises rotating the plurality of magnets. In
one embodiment, the method further comprises optimizing a gradient of the
compressed magnetic field.

In one embodiment, a method of generating mechanical force
comprises generating a compressed magnetic field and conducting a current
through an electrical conductive winding in the compressed magnetic field. In

one embodiment, generating the compressed magnetic field comprises holding

-a plurality of magnets spaced apart in a fixed position with respect to each other

such that like poles of the magnets face each other so as to generate the
compressed magnetic field. In one embodiment, the plurality of magnets
consists of two magnets and a distance between the two magnets is less than
an ambient distance. In one embodiment, the current is an alternating current.
In one embodiment, the current is a direct current. In one embodiment, the
method further comprises applying the mechanical force so as to cause a
generally linear movement in a transmission system. In one embodiment, the
method further comprises applying the mechanical force so as to cause a
generally rotational movement in a transmission system.

In one embodiment, a system comprises a coil having an
electrical conductive winding and a magnetic conductive winding configured to
focus magnetic flux in the electrical conductive winding, and a magnetic
structure configured to generate a compressed magnetic field. In one
embodiment, the magnetic structure comprises a first magnet housing, a first
magnet secured within the first magnet housing, and having a first pole of a first

polarity and a second pole of a second polarity, and a second magnet having a
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first pole of the first polarity and a second pole of the second polarity, secured
within the first magnet housing such that the first pole of the second magnet is
held spaced apart a distance from and generally facing the first pole of the first
magnet, so as to generate the compressed magnetic field. In one embodiment, .
the system is configured to receive energy and to generate an electrical signal
in response to the receipt of the energy. In one embodiment, the electrical
signal comprises an AC current and the system further comprises rectification
circuitry coupled to the coil and configured to convert the AC current to a DC
current. In one embodiment, the electrical signal comprises a DC current. In
one embodiment, the system is configured to receive an electrical signal and to
generate mechanical force in response to the electrical signal. Inone
embodiment, the system further comprises a mechanical transmission system.
In one embodiment, the mechanical transmission system is coupled to the
magnetic structure and configured to move the magnetic structure with respect
to the coil in response to a receipt of energy. In one embodiment, the
mechanical transmission system is configured to move the magnetic structure
in a linear manner, In one embodiment, the mechgnical transmission system is
configured to rotate the magnetic structure. In one embodiment, the
mechanical tfransmission system is configured to move the magnetic structure
along a radial path. In one embodiment, the mechanical transmission system is
coupled to thé coil and configured to move the coil with respect to the magnetic
structure in response to a receipt of energy. In one embodiment, the coil is
configured to receive an electrical sighal and the system is configured to move
the magnetic structure with respect to the coil in response to the receipt of the
electrical signal. In one embodiment, the system is configured to receive
energy and to move the magnetic structure with respect to the coil in response
to the receipt of the energy. In one embodiment, the system is configured to
receive energy and to move the coil with respect to the magnetic structure in
response to the receipt of the energy. In one embodiment, the coil has an axis
that is at least generally alighed with an axis along which the magnetic structure

is conﬁgureq to move ljelative to the cqil. [n one empodiment, the system
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further comprises a gimbaled suspension system. In one embodiment, the
system is configured to convert energy from waves into an electrical signal. In
one embodiment, the magnetic conductive winding is configured as a closed
loop. In one embodiment, the system further comprises an article of clothing
configured for coupling the system to a person. In one embodiment, the system
further comprises a coupler configured to couple the coil to an electrical
transmission grid.

In one embodiment, a method of generating power comprises
generating a compressed magnetic field using a plurality of spaced-apart
magnets, moving an electrical conductive winding with respect to the
compressed magnetic field, and focusing magnetic flux in the electrical
conductive winding using a magnetic conductive winding. In one embodiment,
generating the compressed magnetic field comprises holding the plurality of
magnets spaced apart in a fixed position With respect to each other such that
like poles of the magnets face each other so as to generate the compressed
magnetic field. In one embodiment, the plurality of magnets consists of two
magnets and a distance between the two magnets is less than an ambient
distance. In one embodiment, the method further comprises rectifying a current -
generated in the electrical conductive winding. In one embodiment, the method
further comprises storing the rectified current in an energy storage system. In
one embodiment, moving the electrical conductive winding with respect to fhe
compressed magnetic field comprises moving the electrical conductive winding
with respect to the plurality of magnets. In one embodiment, moving the
electrical conductive winding with respect to the compressed magnetic field
comprises moving the plurality of magnets with respect to the electrical
conductive winding. In one embodiment, moving the plurality of magnets with
respect to the electrical conductive winding comprises moving the plurality of
magnets along a generally linear path. In one embodiment, moving the plurality
of magnets with respect to the electrical conductive winding comprises rotating ‘
the plurality of magnets. In one embodiment, the method further comprises
optimizing a gradient of the compressed magnetic field. In one embodiment,
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the magnetic conductive winding forms a closed loop. In one embodiment, the
method further comprises coupling the electrical conductive winding to an
electrical transmission grid. In one embodiment, the method further comprises
generating an alternating current in the electrical conductive winding. In one
embodiment, the method further comprises generating a direct current in the
electrical conductive winding.

In one embodiment, a method of generating mechanical force
comprises generating a compressed magnetic field, focusing magnetic flux in
an electrical conductive winding using a magnetic conductive winding, and
conducting a current through the eslectrical conductive winding in the
compressed magnetic field. In one embodiment, generating the compressed
magnetic field comprises holding a plurality of magnets spaced apartin a fixed
position with respect to each other such that like poles of the magnets face
each other so as to generate the compressed magnetic field. In one
embodiment, the plurality of magnets consists of two magnets and a distance
between the two magnets is less than an ambient distance. In one
embodiment, the current is an alternating current. In one embodiment, the
current is a direct current. In one embodiment, the method further comprises
applying the mechanical force so as to cause a generally linear movement in a
transmission system. In one embodiment, the method further comprises
applying the mechanical force so as to cause a generally rotational movement
in a transmission system. In one embodiment, the magnetic conductive
winding forms a closed loop.

In one embodiment, an article of clothing comprises a coil having
an electrical conductive winding and a magnetic conductive winding configured
to focus magnetic flux in the electrical conductive winding, and a magnetic
structure configured to generate a compressed magnetic field. In one
embodiment, the magnetic structure comprises a first magnet housing, a first
magnet secured within the first magnet housing, and having a first pole of a first
polarity and a second pole of a second polarity, and a second magnet having a

first pole of the first polarity and a second pole of the second polarity, secured
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within the first magnet housing such that the first pole of the second magnet is

held spaced apart a distance from and generally facing the first pole of the first
magnet, so as to generate the compressed magnetic field. In one embodiment, .
the magnetic conductive winding forms a closed loop. In one embodiment, the

magnetic structure and the coil are contained within a battery case.

In one embodiment, a system comprises a coil comprising means
for conducting an electrical current in response to changes in magnetic flux and
means for focusing magnetic flux in the means for conducting the electrical
current, and means for generating a compressed magnetic field. In one
embodiment, the means for conducting the electrical current comprises an
electrical conductive winding and the means for focusing magnetic flux
comprises a magnetic conductive winding. In one embodiment, the magnetic
conductive winding forms a closed loop. In one embodiment, the means for
generating the compressed magnetic field comprises a first magnet housing, a
first magnet secured within the first magnet housing, and having a first pole of a
first polarity and a second pole of a second polarity, and a second magnet
having a first pole of the first polarity and a second pole of the second polarity,
secured within the first magnet housing such that the first pole of the second
magnet is held spaced apart a distance from and generally facing the first pole
of the first magnet, so as to generate the compressed magnetic field.

In one embodiment, a battery comprises a case, a first generator
contained within the case and configured to convert energy received by the
battery into electrical energy, a first energy storage device contained within the
case, a second energy storage device contained within the case, a control
module contained within the case, coupled to the first and second energy
storage devices, and configured to control a transfer of the electrical energy
from the first energy storage device to the second energy storage device, and a
plurality of contact terminals. In one embodiment, the first energy storage
device comprises an ultracapacitor and the second energy storage device
comprises a lithium cell. In one embodiment, the battery further comprises a

third energy storage device. In one embodiment, the third energy storage
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device is coupled in series with the second energy storage device. In one
embodiment, the third energy storage device is coupled in parallel with the first
energy storage device. In one embodiment, the battery further comprises a
connector to house the plurality of contact terminals. In one embodiment, the
case and contact terminals have a configuration of a C-cell battery. In one
embodiment, the first generator comprises a coil and a magnetic structure. In
one embodiment, the magnetic structure ié configured to generate a
compressed magnetic field. In one embodiment, the coil comprises an
electrical conductive element, and a magnetic conductive element. in one
embodiment, the magnetic structure is configured to generate a compressed
magnetic field. In one embodiment, the plurality of contact terminals are
electrically coupled to the control module. In one embodiment, the battery
further comprises a second generator contained within the case, wherein the
first generator is oriented in a first direction and the second generator is
oriented in a second direction different from the first direction. In one
embodiment, the control module is further configured to control a transfer of
energy between the second energy storage device and the contact terminals.
In one embodiment, the transfer of energy between the first energy storage
device and the contact terminals comprises a transfer of energy from the
contact terminals to the second energy storage device. In one embodiment, the
transfer of energy between the first energy storage device and the contact
terminals comprises a transfer of energy from the contact terminals to the first
energy storage device. In one embodiment, the control module is further
configured to control a transfer of energy between the first energy storage
device and the contact terminals. In one embodiment, the battery further
comprises a suspension system coupled to the generator. In one embodiment,
the suspension system is tuned to optimize conversion of expected patterns of
movement into electrical energy. In one embodiment, the suspension system is
gimbaled. In one embodiment, the suspension system comprises a gyroscopic
system. In one embodiment, the generator is configured to convert energy

received through movement of the battery. In one embodiment, the generator
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is configured to convert energy received in a parasitic manner. In one
embodiment, the case comprises é magnetic shield.

In one embodiment, a battefy comprises a case, a coil contained
within the case, a magnetic structure contained within the case and configured
to generate a compressed magnetic field, a first energy storage device
contained within the case, a plurality of contact terminals coupled to the case,
and a control module contained within the case and coupled to the coil and the
first energy storage device. In one embodiment, the magnetic structure
comprises a plurality of spaced-apart rare earth magnets configured so that
like-polarity poles face each other in neighboring magnets in the plurality of rare
earth magnets. In one embodiment, the magnets in the plurality of magnets are
held in position with respect to one another. In one embodiment, a space
between two magnets in the plurality of magnets is substantially filled with a
non-magnet substance. In one embodiment, the non-magnetic substance
comprises air. In one embodiment, the non-magnetic substance comprises a
fluoropolymer resin. In one embodiment, the case is evacuated and
hermetically sealed. In one embodiment, the battery further comprises a
suspension system coupled to the magnetic structure. In one embodiment, the
suspension system is tuned to optimize conversion of expected patterns of
movement into electrical energy. In one embodiment, the coil comprises an
electrical conductive element and a magnetic conductive element. In one
embodiment, the magnetic conductive element is configured to focus magnetic
flux in the electrical conductive element.

In one embodiment, a battery comprises a case, a coil contained
within the case and having an electrical conductive element and a magnetic
conductive element, a magnetic structure, a first energy storage device
contained within the case, a plurality of contact terminals coupled to the case
and a control module contained within the case and coupled to the coil and the
first energy storage device. In one embodiment, the magnetic conductive
element is configured to focus magnetic flux in the electrical conductive

element. In one embodiment, the electrical conductive element comprises a
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electrical conductive wire in a multi-wire winding and the magnetic conductive
element comprises a magnetic conductive wire in the multi-wire winding. In one
embodiment, the electrical conductive element comprises an electrical
conductive winding and the magnetic conductive element comprises a magnetic
conductive winding. In one embodiment, the electrical conductive element
comprises an electrical conductive trace formed on a first insulating substrate.
In one embodiment, the magnetic conductive element comprises a magnetic
conductive trace formed on the first insulating substrate. In one embodiment,
the electrical conductive trace is formed on a first surface of the first insulating
substrate and the magnetic conductive trace is formed on the first surface of the
first insulating substrate. In one embodiment, the battery further comprises a
plurality of insulating substrates, wherein the electrical conductive element
comprises a plurality of electrical conductive traces formed on selected
substrates in the plurality of substrates and the magnetic conductive element
comprises a plurality of magnetic conductive traces formed on selected
substrates in the plurality of substrates. In one embodiment, the magnetic
structure is configured to generate a compressed magnetic field. In one
embodiment, a contact terminal of the plurality of contact terminals is
electrically coupled to a contact terminal of an external battery. In one
embodiment, the battery has a first physical orientation and the external battery
has a second physical orientation different from the first physical arientation.

In one embodiment, a battery comprises a case, means for
converting movement of the battery into an electric current, first means for
storing energy contained within the case, second means for storing energy
contained within the case, means for controlling a transfer of energy from the
means for converting movement to the first means for storing energy contained
within the case, and means for accessing energy stored in the first means for
storing energy. In one embodiment, the battery further comprises third means
for storing energy contained within the case. In one embodiment, the means
for converting movement comprises means for conducting an electric current

and means for generating a magnetic field. In one embodiment, the means for
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generating a magnetic field is configured to generate a compressed magnetic
field. In one embodiment, the battery further comprises means for conducting
magnetic flux. In one embodiment, the battery further comprises means for
facilitating relative movement of the means for conducting an electric current
with respect to the means for generating a magnetic field.

In one embodiment, a method of operating a battery comprises
moving the battery, converting energy received through the movement of the
battery into an electric current, and controlling transfers of energy to a plurality
of energy storage devices contained within the battery. In one embodiment,
controlling transfers of energy comprises storing energy from the electric
current in a first energy storage device in the plurality of energy storage devices
and controlling a transfer of energy from the first energy storage device to a
second energy storage device in the plurality of energy storage devices. In one
embodiment, controlling transfers of energy comprises rectifying the electric
current. In one embodiment, the method further comprises controlling a
transfer of energy from the battery to a load. In one embodiment, the method
further comprises providing an electric current to the battery and controlling a
storage in the battery of ehergy from the provided electric current. In one
embodiment, converting energy received through the movement of the battery
into the electric current comprises generating a compressed magnetic field. In
one embodiment, converting energy received through the movement of the
battery into the electric current further comprises focusing the compressed
magnetic field in an electrical conductive winding. In one embodiment,
generating the compressed magnetic field comprises holding two magnets
spaced-apart with like poles facing each other at a distance closer than an
ambient distance. In one embodiment, converting energy received through the
movement of the battery into the electric current comprises focusing a magnetic
field in an electrical conductive element. In one embodiment, focusing the
magnetic field in the electrical conductive element comprises positioning a
magnetic conductive element with respect to the electrical conductive element

so as to focus the magnetic field. In one embodiment, converting energy

18



WO 2008/002413 PCT/US2007/014226

10

15

20

25

30

received through the movement of the battery into the electric current
comprises orienting a generator contained within the battery. In one
embodiment, converting the energy received through the movement of the
battery into the electric current comprises converting the energy info relative
movement between an electrical conductive winding and a magnetic field. In
one embodiment, the relative movement is generally linear. In one
embodiment, the relative movement is generally rotational.

In one embodiment, a system comprises a first battery having a
first orientation and comprising means for converting energy into a first
electrical signal, and a second battery electrically coupled to the first battery
and having a second orientation, and comprising second means for converting
energy into a second electrical signal. In one embodiment, the second
orientation is substantially perpendicular to the first orientation. In one
embodiment, the means for converting energy into the first electrical signal
comprises a control module configured to control a transfer of electrical energy
from a first energy storage device to a second energy storage device. Inone
embodiment, the means for converting energy into the first electrical signal
comprises means for generating a compressed magnetic field. In one
embodiment, the means for converting energy into the first electrical signal
comprises an electrical conductive winding and a magnetic conductive winding

configured to focus magnetic flux in the electrical conductive winding.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The sizes and relative positions of elements in the drawings are
not necessarily drawn to scale. For example, the shapes of various elements
and angles are not drawn to scale, and some of these elements are arbitrarily
enlarged and positioned to improve drawing legibility. Further, the particular
shapes of the elements as drawn are not necessarily intended to convey any
information regarding the actual shape of particular elements, and have been
selected solely for ease of recognition in the drawings.

Figure 1 is a diametric cross-sectional view of a conventional coil.
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Figure 2 is a diametric cross—secﬁonal view of an embodiment of a
coil in accordance with the present disclosure.

Figure 3 is a diametric cross-sectional view of another
embodiment of a coil in accordance with the present disclosure.

Figure 4 is a diametric cross-sectional view of an embodiment of a
dual conductor winding suitable for use in the embodiment of a coil illustrated in
Figure 3.

Figure 5 is a diametric cross-sectional view of another
embodiment of a coil in accordance with the present disclosure.

Figure 6 is a diametric cross-sectional view of another
embodiment of a coil in accordance with the present disclosure.

Figure 7 is a top view of another embodiment of a coil in
accordance with the present disclosure.

Figure 8 is a bottom view of the embodiment of a coil illustrated in
Figure 7.

Figure 9 is a side view of the embodiment of a coil illustrated in
Figure 7.

Figure 10 is a top view of another embodiment of a coil in
accordance with the present disclosure.

Figure 11 is a side view of another embodiment of a coil in
accordance with the present disclosure.

Figure 12 is a graphic illustration of the magnetic flux generated
by a conventional magnetic structure.

Figures 13A and 13B are graphic illustrations of the magnetic flux
generated by two permanent magnets with like poles facing each other and
separated by an ambient distance.

Figures 14A and 14B are graphic illustrations of the magnetic flux
generated by two permanent magnets with like poles substantially touching
each other.

Figures 15A and 15B are graphic illustrations of the magnetic flux
generated by two permanent magnets with like poles facing each other and
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held together between an ambient distance and a substantially touching
position.

Figure 16 is cross-sectional view of an embodiment of a magnetic
structure in accordance with the present disclosure.

Figure 17 is cross-sectional view of an embodiment of a magnetic
structure in accordance with the present disclosure.

Figure 18 is cross-sectional view of an embodiment of a magnetic
structure in accordance with the present disclosure.

Figure 19 is cross-sectional view of an embodiment of a magnetic
structure in accordance with the present disclosure.

Figure 20 is a side diametric cross-sectional view of another
embodiment of a magnet structure in accordance with the present disclosure.

Figure 21 is a side view of an embodiment of a magnet structure
in accordance with the present disclosure.

Figure 22 is a diagrammatical front view of an embodiment of a
power generator system.

Figure 23 is a diagrammatical front view of the system of Figure
22 at a different point in time.

Figure 24 is a side view, in section, of an armature included in the
system of Figure 22.

Figure 25 is a diagrammatical front view of a system in
accordance with an alternative embodiment of a generator.

Figure 26 is a side view, in section, of an armature included in the
system of Figure 25.

Figure 27 is a side cross-sectional view of an embodiment of a
system in accordance with the present disclosure.

Figure 28 is a side cross-sectional view of another embodiment of
a system in accordance with the present disclosure.

Figure 29 is a top view of a system in accordance with the present

disclosure.
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Figure 30 is a side diametric cross-sectional view of the system of
Figure 29 taken along line 30-30.

Figure 31 is a side diametric cross-sectional view of an
embodiment of a system employing the embodiments illustrated in Figures 7
through 9 and Figure 17. |

Figure 32 is a side diametric cross-sectional view of an
embodiment of a system employing the embodiments illustrated in Figure 11
and Figure 16.

Figure 33 is a diametric cross-sectional view of an embodiment of
a battery.

Figure 34 is a diametric cross-sectional view of another
embodiment of a battery.

Figure 35 is a side sectional view of another embodiment of a
battery.

Figure 36 is a diametric cross sectional view of a linear generator
suitable for use in the embodiments illustrated in Figures 33 through 36.

Figure 37 is a high-level flow diagram for an embodiment of a
method of recharging a portable energy storage device.

Figure 38 is a high level flow diagram for an embodiment of a
method of operating a portable energy storage device.

Figure 39 is a perspective view illustrating a practical application
for an embodiment of a power generator.

Figure 40 is a block diagram of an embodiment of a system for
generating power.

Figure 41 is a block diagram of an embodiment of a self-powered
device.

Figure 42 illustrates an embodiment of a system in accordance
with the present disclosure.

Figure 43 illustrates another embodiment of a system in

accordance with the present disclosure.
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Figure 44 illustrates an embodiment of an article of clothing in
accordance with the present disclosure.

Figure 45 is a side view of an embodiment of a system in
accordance with the present invention.

Figure 46 is a top view of an embodiment of a rotor suitable for
use in the embodiment of a system ilustrated in Figure 45.

DETAILED DESCRIPTION OF THE INVENTION

in the following description, certain details are set forth in order to
provide a thorough understanding of various embodiments of devices, methods
and articles. However, one of skill in the art will understand that other
embodiments may be practiced without these details. In other instances, well-
known structures and methods associated with batteries, linear generators, and -
control systems have not been shown or described in detail to avoid
unnecessarily obscuring descriptions of the embodiments.

Unless the context requires otherwise, throughout the
specification and claims which follow, the word “comprise” and variations
thereof, such as “comprising,” and “comprises,” are to be construed in an open,
inclusive sense, that is as “including, but not limited to.”

Reference throughout this specification to “one embodiment,” or
“an embodiment” means that a particular feature, structure or characteristic
described in connection with the embodiment is included in at least one
embodiment. Thus, the appearances of the phases “in one embodiment,” or “in
an embodiment” in various places throughout this specification are not
necessarily referring to the same embodiment, or to all embodiments.
Furthermore, the particular features, structures, or characteristics may be
combined in any suitable manner in one or more embodiments to obtain further
embodiments.

The headings are provided for convenience only, and do not

interpret the scope or meaning of this disclosure or the claimed invention.
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Figure 1 is a diametric cross sectional view of a conventional coil
100. The coil 100 comprises a non-magnetic winding form 102 and a non-
magnetic, electrical conductive winding 104. A winding comprises one or more
complete turns of a conductive materials in a coil, and may comprise one or
more layers. As illustrated, the winding 104 comprises nine turns and three
layers. As illustrated, the electrical conductive winding 104 is continuous. In
other conventional coils, a plurality of electrical conductive windings may be
employed, which may or may not be electrically connected in series or in
parallel. The electrical conductive winding 104 may comprise any suitable
electrically conductive material, such as, for example, metallic materials, such
as copper, copper coated with silver or tin, aluminum, silver, gold and/or alloys.
The electrical conductive winding 104 may comprise, for example, solid wires,
including, for example, flat wires, strands, twisted strands, or sheets. The
electrical conductive winding 104 may vary significantly in size from the
illustration, and may be substantially smaller or substantially larger than
illustrated. The electrical conductive winding 104 is typically covered with an
insulating material 120. The electrical conductive winding 104 is coupled to the '
leads 122, 124 for the coil 100.

Figure 2 is a diametric cross-sectional view of an embodiment of a
bi-metal coil 200. The coil 200 comprises a non-magnetic winding form 202, a
non-magnetic, electrical conductive winding 204 and a magnetic conductive
winding 206. The use of an electrical conductive winding, such as the electrical -
conductive winding 204, with a magnetic conductive winding, such as the
magnetic conductive winding 206, facilitates focusing of a magnetic field
passing through or generated by an electrical conductive winding of a coil, such
as the winding 204 of the coil 200. Focusing of the magnetic field can
significantly increase the efficiency of the coil 200. For example, when the coil
200 is employed in a generator, as a magnet is passed through the coil 200 the
electrical conductive winding 204 produces electron flow, while the magnetic
conductive winding 206 focuses magnetic flux in the electrical conductive

winding 204 and causes an increase in power output from the coil 200.
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A first layer 208 and a second layer 210 of the electrical
conductive winding 204 are wound onto the winding form 202. In one
embodiment, the electrical conductive winding 204 is continuous. In other
embodiments, the electrical conductive winding 204 may comprise a plurality of
windings, which may be electrically connected in series or in parallel. A first
layer 212 of the magnetic conductive winding 206 is wound over the second
layer 210 of the electrical conductive winding 204. A third layer 214 and a
fourth layer 216 of the electrical conductive winding 204 are wound over the
first layer 212 of the magnetic conductive winding 206. A second layer 218 of
the magnetic conductive winding 206 is wound over the fourth layer 216 of the
electrical conductive winding 204. A fifth layer 219 of the electrical conductive
winding 204 is wound over the second layer 218 of the magnetic conductive
winding 206.

The electrical conductive winding 204 may comprise any suitable
electrically conductive material, such as, for example, metallic materials, such
as copper, copper coated with silver or tin, aluminum, silver, gold and/or alloys.
The electrical conductive winding 204 may comprise, for example, solid wires,
strands, twisted strands, or sheets. The electrical conductive winding 204 may
vary significantly in size from the illustration, and may be substantially smaller
or substantially larger than illustrated. The electrical conductive winding 204 is
typically covered with an insulating material 220. The electrical conductive
winding 204 is coupled to the leads 222, 224 for the coil 200.

The magnetic conductive winding 206 may comprise any suitable
magnetic conductive material, for example, a magnetic shielding material, such
as, for example, nickel, nickel/iron alloys, nickel/tin alloys, nickel/silver alloys,
plastic magnetic shielding, and/or nickel/iron/copper/molybdenum alloys.
Magnetic shielding materials are commercially available under several
trademarks, including MuMetal®, Hipernom®, HyMu 80®, and Permalloy®.
The magnetic conductive winding 206 may comprise, for example, solid wires,
strands, twisted strands, or sheets. The magnetic conductive winding 206 may

vary significantly in size from the illustration, and may be substantially smaller
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or substantially larger than illustrated. The magnetic conductive winding 206 is
typically covered with an insulating material 226. The magnetic conductive
winding 206 forms a closed loop, as illustrated by the connection 228, and as
ilustrated is connected to a ground 230.

Other configurations of layers of an electrical conductive winding
and a magnetic conductive winding may be employed. For example, m layers
of an electrical conductive winding may alternate with n layers of a magnetic
conductive winding, instead of two layers of electrical conductive winding
alternating with one layer of magnetic conductive winding as illustrated, with m
and n positive integers. In another example, m and n need not remain
constant. For example, the number of layers may increase or decrease. An
example layer pattern would be 2E, 1M, 3E, 2M, 4E, with E indicating
electrically conductive layers and M indicating magnetically conductive layers.

Typically, the first and last layers comprise layers of the electrical
conductive winding 204. In one experimental embodiment, a configuration with
the first and last layer comprising the electrical conductive winding 204
produced better performance in a generator application than when the last layer
was comprised of the magnetic conductive winding 206. In another example, a
plurality of electrical conductive windings could be employed.

Figure 3 is a diametric cross-sectional view of another
embodiment of a bi-metal coil 300. The coil 300 comprises a winding form 302
and a dual-conductor winding, which as illustrated takes the form of a bi-metal
winding 304. The dual-conductor winding 304 comprises an electrical
conductive winding in the form of a wire 306, a magnetic conductive winding in
the form of a wire 308, an inner layer of insulating material 310 between the
electrical conductive wire 306 and the magnetic conductive wire 308, and an
outer layer of insulating material 312. The outer layer of insulating material 312
and the inner layer of insulating material 310 may be integrated. The dual-
conductor winding 304 may vary significantly in size from the illustration, and
may be substantially smaller or substantially larger than illustrated. As
illustrated, the electrical conductive wire 306 and the magnetic conductive wire
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308 are approximately the same size. In some embodiments, the electrical
conductive wire 306 and the magnetic conductive wire 308 may be of different
sizes.

The electrical conductive wire 306 may comprise any suitable
electrical conductive material. For example, the materials and configurations
(e.g., solid wire or stranded wire) discussed above with respect to the electrical
conductive winding 204 of Figure 2 may be employed. The electrical
conductive wire 306 is coupléd to the leads 314, 316 for the coil 300. The
magnetic conductive wire 308 may comprise any suitable magnetic conductive
material. For example, the materials and configurations (e.g., solid wire or
stranded wire) discussed above with respect to the magnetic conductive
winding 206 of Figure 2 may be employed. The magnetic conductive wire 308
forms a closed loop, as illustrated by the connection 318, and may be
connected to a ground 320. As illustrated, the winding 304 is wound so that the
electrical conductive wire 306 is closest to an inner surface 322 of the winding
form 302 and the magnetic conductive wire 308 is farthest from the inner
surface 322 of the winding form 302. As illustrated, the insulating layer 310
separating the electrical conductive wire 306 and the magnetic conductive wire
308 is approximately parallel to the inner surface 322. In some embodiments,
the insulating layer 310 separating the electrical conductive wire 306 and the
magnetic conductive wire 308 may be at another angle with respect to the inner
surface 322. For example, in some embodiments the insulating layer 310 may
be approximately perpendicular to the inner surface 322. As illustrated, the
dual-conductor winding 304 is a single layer comprising three turns. In some
embodiments, the winding may comprise multiple layers. In some
embodiments, additional windings may be employed.

Figure 4 is a diametric cross sectional view of an embodiment of a
dual conductor winding 404 suitable for use in the embodiment of a coil 300
illustrated in Figure 3. The dual conductor winding 404 comprises an electrical
conductive winding in the form of a wire 406, a magnetic conductive winding in

the form of a wire 408, an inner layer of insulating material 410 between the
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electrical conductive wire 406 and the magnetic conductive wire 408, and an
outer layer of insulating material 412. The electrical conductive wire 406 may
comprise any suitable electrical conductive material. For example, the
materials and configurations (e.g., solid wire or stranded wire) discussed above
with respect to the electrical conductive winding 204 of Figure 2 may be
employed. The electrical conductive wire 406 may vary significantly in size
from the illustration, and may be substantially smaller or substantially larger
than illustrated. The magnetic conductive wire 408 may comprise any suitable
magnetic conductive material. For example, the materials and configurations
(e.g., solid wire or stranded wire) discussed above with respect to the magnetic
conductive winding 206 of Figure 2 may be employed. The magnetic
conductive wire 408 may vary significantly in size from the illustration, and may
be substantially smaller or substantially larger than illustrated.

Figure 5 is a diametric cross-sectional view of another
embodiment of a bi-metal coil 500. The coil 500 has a winding form 502. A first
electrical conductive winding 504a is wound on the winding form 502 in two
layers. A first magnetic conductive winding 506a is wound on the winding form
502 outside of the two layers of the first electrical conductive winding 504a.
The first electrical conductive winding 504a is coupled to leads 508a, 510a for
the first electrical conductive winding 504a. The first magnetic conductive
winding 506a forms a closed loop, as illustrated by the first connection loop
512a. A second electrical conductive winding 504b is wound on the winding
form 502 in two layers adjacent to the first electrical conductive winding 504a.
A second magnetic conductive winding 506b is wound on the winding form 502
outside of the two layers of the second electrical conductive winding 504b
adjacent to the first magnetic conductive winding 506a. The second electrical
conductive winding 504b is coupled to leads 508b, 510b for the second
electrical conductive winding 504b. The second magnetic conductive winding
506b forms a closed loop, as illustrated by the second connection loop 512b.
Additional windings may be added to the coil 500, as illustrated by the electrical
conductive winding 504n, which is coupled to the leads 508n, 510n, and by the

28



WO 2008/002413 PCT/US2007/014226

10

15

20

25

30

magnetic conductive winding 506n, which forms a closed loop as indicated by
connection 512n. In some embodiments, the electrical conductive windings
(e.g., windings 504a, 504b, ... 504n) may be electrically coupled together in
parallel or in series, or in various combinations thereof.

The electrical conductive windings 504a, 504b, ... 504n may
comprise any suitable electrical conductive material. For example, the
materials and configurations (e.g., solid wire or stranded wire) discussed above
with respect to the electrical conductive winding 204 of Figure 2 may be
employed. The electrical conductive windings 504a, 504b, ... 504n may vary
significantly in size from the illustration, and may be substantially smaller or
substantially Iargef than illustrated. The magnetic conductive windings 506a,
506b, ... 506n may comprise any suitable magnetic conductive material. For
example, the materials and configurations (e.g., solid wire or stranded wire)
discussed above with respect to the magnetic conductive winding 206 of Figure
2 may be employed. The magnetic conductive windings 506a, 506b, ... 506n
may vary significantly in size from the illustration, and may be substantially
smaller or substantially larger than illustrated. A bi-metal winding may be
employed, such as the bi-metal winding 304 illustrated in-Figure 3 or the bi-
metal winding 404 illustrated in Figure 4. Typically, the coil 500 would have
additional layers of each winding, with the outer layer comprising a layer of the
electrical conductive winding (e.g., winding 504a), but for ease of illustration the
additional layers are omitted.

Figure 6 is a diametric cross-sectional view of another
embodiment of a bi-metal coil 600. The coil 600 comprises a non-magnetic
winding form 602, a non-magnetic, electrical conductive winding 604 and a
magnetic conductive winding 606. A first layer 608 and a second layer 610 of
the electrical conductive winding 604 are wound onto the winding form 602. A
layer 612 of the magnetic conductive winding 606 is wound over the second
layer 610 of the electrical conductive winding 604.

The electrical conductive winding 604 may comprise any suitable

electrical conductive material and configuration. For example, the materials
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and configurations (e.g., solid wire or stranded wire) discussed above with
respect the electrical conductive winding 204 of Figure 2 may be employed.
The electrical conductive winding 604 is typically covered with an insulating
material 614. The electrical conductive winding 604 is coupled to the leads
616, 618 for the coil 600. The magnetic conductive winding 606 may comprise
any suitable magnetic conductive material and configuration. For example, the
materials and configurations (e.g., solid wire or stranded wire) discussed above
with respect to the magnetic conductive winding 206 of Figure 2 may be
employed. The magnetic conductive winding 606 is typically covered with an
insulating material 620. The magnetic conductive winding 606 forms a closed
loop, as illustrated by the connection 622, and may be connected to a ground
(See ground 230 in Figure 2). Some embodiments may employ a bi-metal or
dual-conducting winding (see dual-conductor winding 304 illustrated in Figure
3).

The winding form 602 has an inner length 624 and an outer length
626 that are different. As illustrated, the inner length 624 is shorter than the
outer length 626. This difference in length facilitates focusing of a magnetic
field in the electrical conductive winding 604.

Figures 7 through 9 illustrate another embodiment of a bi-metal
coil 700. Figures 7 through 9 are not drawn to scale for ease of illustration.
Figure 7 is a top view of the coil 700. The coil 700 comprises a layer of
insulating material 702 with an upper surface 704. The layer of insulating
material 702 may comprise, for example, an integrated circuit board, a
substrate or a thin film or sheet of insulation. Commercially available insulating
materials are sold under the trademark Mylar®. An electrical conductive
winding in the form of a trace 706 is formed on the upper surface 704 of the
layer of insulating material 702. The electrical conductive trace 706 may
comprise any suitable electrical conductive material, such as, for example,
copper, aluminum, gold, and silver, and alloys. The materials discussed above
with respect to the electrical conductive winding 204 of Figure 2 may be

employed. Well-known techniques for forming traces on substrates may be
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employed, such as those used in connection with RFID devices and antennas.
The layer of insulating material 702 has an opening 708.

Figure 8 is a bottom view of the embodiment of a coil 700
illustrated in Figure 7. The layer of insulating material 702 has a lower surface
716. A magnetic conductive winding in the form of a trace 718 is formed on the
lower surface 716 of the layer of insulating material 702. The magnetic
conductive trace 718 may comprise any suitable magnetic conductive material,
such as, for example, nickel, nickel/iron alloys, nickel/tin alloys, nickel/silver
alloys. The materials discussed above with respect to the magnetic conductive
winding 206 of Figure 2 may be employed. Well-known techniques for forming
traces on substrates may be employed, such as those used in connection with
RFID devices and antennas. Figure 9 is a side view of the embodiment of a
coil 700 illustrated in Figure 7, illustrating an optional core 730 for the coil 700.
The core 730 may comprise, for example, an iron core.

Figure 10 is a top view of another embodiment of a bi-metal coil
1000. The coil 1000 comprises a layer of insulating material 1002 with an
upper surface 1004. The layer of insulating material 1002 may comprise, for
example an integrated circuit board, a substrate or a thin film of insulation. An
electrical conductive winding in the form of a trace 1006 is formed on the upper
surface 1004 of the layer of insulating material 1002. The electrical conductive
trace 1006 may comprise any suitable electrical conductive material, such as,
for example, copper, aluminum, gold, and silver, and alloys. For example, the
materials discussed above with respect to the electrical conductive winding 204
of Figure 2 may be employed. Well-known techniques for forming traces on
substrates may be employed, such as those used in connection with RFID
devices and antennas. The layer of insulating material 1002 has an opening
1008. A magnetic conductive winding in the form of a trace 1018 is formed on
the upper surface 1004 of the layer of insulating material 1002. The magnetic
conductive trace 1018 may comprise any suitable magnetic conductive
material, such as, for example, nickel, nickel/iron alloys, nickel/tin alloys,

nickel/silver alloys. For example, the materials discussed above with respect to
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the magnet conductive winding 206 of Figure 2 may be employed. Well-known
techniques for forming traces on substrates may be employed, such as those
used in connection with RFID devices and antennas.

Figure 11 is side view of another embodiment of a bi-metal coil
1100. The coil 1100 comprises a plurality of insulating layers 1102. Traces of
electrical conductive material 1106 are formed on selected surfaces 1130,
1132, 1134, 1136 of the plurality of insulating layers 1102. Traces of magnetic
conductive material 1118 are formed on selected surfaces 1138, 1140 of the
plurality of insulating layers 1102. The layers of insulating material 1102 have
an opening 1108. As illustrated, the coil 1100 comprises three layers of
insulating material 1102. Fewer or additional layers 1102 may be employed. In
addition, in some embodiments the traces of electrical conductive material 1106
and the traces of magnetic conductive material 1118 may be formed on
selected surfaces of the layers of insulating material 1102 in different patterns.
For example, traces of electrical conductive material 1106 and traces of
magnetic conductive material 1118 may be formed on alternate surfaces of
layers of insulating material. In another example, traces of electrical conductive
material 1106 and magnetic conductive material 1118 may be formed on the
same surface of a layer of insulating material 1102, or on each surface of a
layer of insulating material. Traces on various layers of insulating material 1102
may be coupled to each other.

As mentioned above, coils are frequently employed in devices
and applications together with magnets. Bi-metal coils can be advantageously
employed in such applications and environments with conventional magnets.
Figure 12 is a graphic illustration of the magnetic flux generated by a
conventional magnetic structure 1200. The magnetic structure comprises a
magnet 1202 having a north pole N and a south pole S. Figure 12 shows
representative magnetic flux equipotential lines 1204 to illustrate the magnetic
field that is generated by the permanent magnet 1202 of the magnetic structure
1200. The closer the equipotential lines in a region, the greater the magnetic

flux density in the region.
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Improvements, however, can be made to conventional magnetic
structures. In many devices and applications, increasing the magnetic flux
density in a region can greatly improve efficiency and performance. For
example, increasing the magnetic flux density in a region can lead to a higher
gradient, which can lead to increased efficiency in, for example, a generator or
a motor.

Figures 13A and 13B are graphic illustrations of the magnetic flux
generated by a magnetic structure with two permanent magnets with north
poles facing each other and separated by an ambient distance. Figure 13Ais a
black and white representation and Figure 13B is a gray-shaded representation.
Representative magnetic flux equipotential lines illustrate the magnetic field that
is generated by the magnetic structure. The magnetic flux has a higher
gradient in the region between the north poles than the magnetic flux in the
region around the north pole generated by a single magnet or by magnetic
structures that have opposite polarity poles facing each other.

Figures 14A and 14B are graphic illustrations of the magnetic flux
generated by a magnetic structure with two permanent magnets with north
poles substantially touching each other. Representative magnetic flux
equipotential lines illustrate the magnetic field that is generated by the magnetic
structure. For similar magnets, the magnetic flux in the region adjacent to the
substantially touching north poles generated by the arrangement illustrated in
Figures 14A and 14B has a higher gradient than the magnet flux generated by
the arrangement illustrated in Figures 13A and 13B, which is illustrated by the
greater density of flux lines in Figures 14A and 14B. A higher magnetic flux
gradient also occurs in a region adjacent to the south pole of the upper magnet
illustrated in Figures 14A and 14B.

Figures 15A and 15B are graphic illustrations of the magnetic flux
generated by a magnetic structure with two permanent magnets with like poles
facing each other and held together at a distance between an ambient distance
and a substantially touching position. Representative magnetic flux

equipotential lines illustrate the magnetic field that is generated by the magnetic
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structure. For similar magnets, the magnetic flux generated by the
arrangement illustrated in Figures 15A and 15B produces a denser set of flux
lines along a larger region adjacent to the north poles, permitting a higher flux
gradient in a larger region than the magnet flux generated by the arrangements
illustrated in Figures 13A, 13B, 14A and 14B, which is illustrated by the greater
density of flux lines along a larger region of the sides of the permanent magnets
illustrated in Figures 15A and 15B.

Significant improvements in efficiency, for example, in power
generation, can be achieved by positioning the magnets with like poles facing
each other at an optimum distance between a touching configuration and an
ambient distance. The optimum distance will vary depending upon the
configuration in which the magnetic structure is to be employed (e.g., the
movement path of the magnetic structure with respect to a coil when the
magnetic structure is employed in a generator/motor configuration). Figure 16
is a cross-sectional view of an embodiment of a multipole magnetic structure
1604 generating a plurality of compressed magnetic fields. In some
applications, generating a plurality of compressed magnetic fields can provide
further increases in efficiency. The compressed magnetic fields may increase
the efficiency of the conversion of energy into electrical energy when the
magnetic structure 1604 is employed, for example, in a generator. Such
generators may be configured to convert energy received in a parasitic manner.
Typical sources of energy include kinetic sources, thermal sources, acoustic
sources, and radio-frequency sources.

. The magnetic structure 1604 employs tabs 1694 to hold the
permanent magnets 1612, 1614, 1616 in position with respect to each other.
While the illustrated embodiment employs three permanent magnets 1612,
1614, 1616, other embodiments may employ different numbers of permanent
magnets, such as two permanent magnets of four permaneht magnets. Other
embodiments may employ electromagnets instead of or in addition to
permanent magnets. The permanent magnets 1612, 1614, 1616 are disk-

shaped as illustrated, but other shapes may be employed. For example,
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rectangular- (e.g., square), spherical-, or elliptical-shaped magnets may be
employed. Similarly, the faces of the magnets need not be flat. For example,
convex-, concave-, radial-, cone-, or diamond-shaped faces may be employed.
Various combinations of shapes and faces may be employed. While the
illustrated embodiment employs tabs, other positioning mechanisms may be
employed, such as threads, spacers, glues, or combinations of positioning
mechanisms. The magnets 1612, 1614, 1616 are positioned and held apart
from each other and are arranged such that same polarity poles in adjacent
permanent magnets face each other. For example, the N pole 1628 of the first
permanent magnet 1612 faces the N pole 1630 of the second permanent
magnet 1614 and the S pole 1632 of the second permanent magnet 1614 faces
the S pole 1634 of the third permanent magnet 1616. In addition, the magnets
1612, 1614, 1616 are held close enough together to form a compressed
magnetic field (e.g., closer than an ambient distance and spaced apart). In
some embodiments, the spaces 1636, 1638 between the permanent magnets
1612, 1614, 1616 are substantially filled with a material 1637, which may
comprise a gas such as air. In some embodiments, the material 1637 may
comprise other substantially non-magnet and substantially non-conductive
substances, such as a fluoropolymer resin or plastic. In some embodiments,
the spaces 1636, 1638 between the magnets may be evacuated and
hermetically sealed. '

The shape, position and strength of the permanent magnets in a
magnetic structure, such as the magnetic structure 1604, can increase the
efficiency of a device or application employing the magnetic structure 1604,
such as a generator, by generating a compressed magnetic field. A gauss
meter (not shown) may be employed to determine the optimum strength and
positioning of the permanent magnets 1612, 1614, 1616, as well as the number
of permanent magnets. Other design considerations may be taken into
consideration as well, such as weight and reducing external impacts of

electromagnetic fields and control of multiple generator magnetic interaction.
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Figure 17 illustrates an embodiment of a magnet structure 202
configured to generate a compressed magnetic field. The magnet structure 202
includes a case 204 and a plurality of magnets housed in the case 204 with like
poles facing each other. In the illustrated embodiment, the case 204 houses a
first magnet 32 having an end 30 of a first polarity and a second magnet 36
having an end 34 of the same polarity as the end 30 and facing the end 30. In
the illustrated embodiment, the end 30 is a south pole and the end 34 is a south
pole; in an alternative embodiment, two north poles face each other. In the
illustrated embodiment, the case 204 has an inner cylindrical surface 205 and
the magnets 32 and 36 have respective outer cylindrical surfaces. The
magnets 32, 36 are slidingly received into the case 204. In the illustrated
embodiment, the case 204 has an open threaded end, through which the
magnets 32 and 36 are inserted (or replaced) and the magnet assembly 202
further includes a screw cap 206 selectively closing the threaded end of the
case 204. In the illustrated embodiment, the screw cap 206 forces the magnets
32, 36 together closer than the ambient distance that the repelling force
generated by the magnetic field would normally permit, thereby generated a
compressed magnetic field. Other embodiments for positioning the magnets -
are possible. For example, the inner cylindrical surface 205 could have
recesses into which the magnets are snapped.

Figure 18 illustrates an embodiment of a multi-pole magnetic
structure 302 configured to generate a plurality of compressed magnetic fields.
The magnetic structure 302 has a case 304 with tabs 305 holding a plurality of
magnets in position with respect to each other. The magnets include a first
magnet 308 having a first end 318 having a first polarity and a second end 316
having an opposite polarity. The magnets further include a second magnet 310
having a first end 320 having a polarity that is the same as the first polarity, and
having a second end 322 having a polarity that is opposite the first polarity.
The first end 320 of the second magnet 310 is spaced apart from the first end
318 of the first magnet 308. The first end 320 of the second magnet 310 is at
least generally facing the first end 318 of the first magnet 308. The magnets
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further include a third magnet 312 having a first end 324 having a polarity that is
opposite the first polarity, and having a second end 326 having a polarity that is
the same as the first polarity. The first end 324 of the third magnet 312 is
spaced apart from the second end 322 of the second magnet 310. The first
end 324 of the third magnet 312 is at least generally facing the second end 322
of the second magnet 310. Any number of additional magnets is possible. For
example, in the illustrated embodiment, the magnets further include a fourth
magnet 314 having a first end 328 having a polarity that is the same as the first
polarity and having a second end 330. The magnet assembly 302 further
includes a screw cap 306 closing an open threaded end of the case 304.

Figure 19 is a side diametric cross-sectional view of an
embodiment of a multi-pole magnet structure 1900 configured to generate a
plurality of compressed magnetic fields. The magnet structure 1900 comprises
a plurality of magnets 1902, 1904, 1906 with concave-shaped surfaces 1908,
1910, 1912, 1914 with like poles held facing each other at selected distances
apart so as to generate high gradient or compressed magnetic fields. As
illustrated, the concave-shaped surfaces are cone-shaped. Other substantially
concave-shaped surfaces may be employed. )

Figure 20 is a side diametric cross-sectional view of another
embodiment of a multi-pole magnet structure 2000 configured to generate a
plurality of compressed magnetic fields. The magnet structure 2000 comprises
a plurality of magnets 2002, 2004, 2006 with convex-shaped surfaces 2008,
2010, 2012, 2014 with like poles held facing each other at selected distances
apart so as to generate high gradient or compressed magnetic fields. As
illustrated, the convex-shaped surfaces are curved. Other substantially convex-
shaped surfaces may be employed.

Figure 21 is a side view of an embodiment of another multi-pole
magnet structure 2100 configured to generate a plurality of compressed
magnetic fields. The magnet structure comprises a rectangular magnet
housing 2102 and a plurality of rectangular magnets 2104, 2106, 2108
contained within the housing 2102. The magnets 2104, 2106, 2108 are held
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with like poles facing each other at selected distances apart so as to generate
desired compressed magnetic fields.

Embodiments of dual-conductor or bi-metal coils and/or
embodiments of magnet structures configured to generate compressed magnet
fields, such as those described above, may be advantageously employed in a
number of devices and applications. For example, embodiments of duai-
conductor or bi-metal coils and/or embodiments of magnet structures
configured to generate compressed magnet fields may be used in various types
of generators/motors used in various applications, acoustic systems and/or
control systems. Example generators include generators may be configured to
convert energy received in a parasitic manner or energy specifically generated
to be converted into electrical energy. Typical sources of energy include kinetic
sources, thermal sources, acoustic sources, and radio-frequency sources. For
example, some embodiments may employ a magnetic structure configured to
generate a compressed magnetic field together with dissimilar metals in order
to take advantage of the Seebeck effect.

A number of such example applications are discussed below by
way of illustrative example embodiments of such devices and applications.
Although some embodiments may employ a dual-conductor or bi-metal coil and
a magnet structure configured to generate a compressed magnetic field, other
embodiments may employ a dual-conductor or bi-metal coil and a conventional
magnetic structure or no magnetic structure. Other embodiments may employ
a magnetic structure configured to generate a compressed magnetic field and a
conventional coil or no coil. Some embodiments may employ a conventional
coil and a conventional magnetic structure in combination with other aspects of
the present disclosure.

Linear generators and motors are known in the art. A linear
generator typically has a stator and an armature that can be linearly driven
relative to the stator to generate electrical energy. Linear generators are
disclosed, for exampile, in U.S. Patent No. 6,759,755 to Sagov and in U.S.
Patent No. 6,798,080 to Cheung et al., both of which are incorporated herein by
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reference. A linear motor typically has a stator and an armature that can be
linearly driven relative to the stator in response to the application of electrical
energy, typically in the form of electrical signals.

Conversion of linear motion to electrical power is a challenging
problem. Recent work by the inventors in evaluating classical linear
displacement generators using planar inductors indicates poor conversion
efficiencies. See, for example, U.S. Patent No. 6,220,719 issued to Vetorino, et
al. The basic problem is that the power output is proportional to the square of
the derivative of the magnetic field, and the magnitude of this derivative
remains small in conventional devices. Similar issues arise in the conversion of
electrical power into linear motion.

In a linear generator, the power output generated by relative
movement of a coil with respect to a magnetic structure is proportional to the
square of the derivative of the magnetic field. The voltage is determined by the
number of turns in the winding of the coil and the strength of the magnetic field.
The shape, relative position and strength of the permanent magnets in a
magnetic structure can magnify the value of that derivative by generating a
compressed magnetic field. By using a compressed magnetic field, significant
increases in efficiency can be obtained from this class of generators, even for
relatively small rates of mechanical displacement. The concepts pertinent to
generating a compressed magnetic field are addressed through illustrative
examples (see the description of Figures 13-16 above and 22-25 below).

Figures 22 through 24 illustrate an embodiment of a linear power
generator 2200 employing an embodiment of a magnetic structure 2202
configured to generate a compressed magnetic field. The power generator
2200 includes a coil 11 located between two magnets 12 and 14. The coil may
be a conventional coil or a dual-conductor or bi-metal coil. More particularly,
the power generator 2200 includes a first magnet 12 having an end 13 having a
first polarity, and a second magnet 14 having an end 15 having a polarity that is
the same as the first polarity. More particularly, in the illustrated embodiment,
the end 13 is a north pole and the end 15 is also a north pole. The end 15 of
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the second magnet 14 is spaced apart from the end 13 of the first magnet 12.

In the illustrated embodiment, the end 15 has a surface 22 (Figure 23) that is
generally planar, and the end 13 has a surface 18 that is generally planar. The .
end surface 22 of the second magnet 14 is at least generally facing the end
surface 18 of the first magnet 12.

The at-rest position of the coil 11 is closer to the end 13 of the first
magnet 12 than the end 15 of the second magnet 14. In the illustrated
embodiment, the magnets 12 and 14 are permanents magnets. Other
embodiments may employ electro-magnets. Note that the static magnetic flux
through the coil 11 is fairly high, as indicated by the density of the equipotential
lines 16 passing through the coil 11, in Figure 22. The flux through the surface
area of the face 18 of the magnet 12 is very large. The flux through a plane
approximately in the center 20 between magnets 12 and 14 is small.

There is a very high negative field gradient between the geometric
position of the coil 11 in Figure 22 and the position occupied by the coil in
Figure 23. Thus, even slow physical movement of the coil 11 (or, conversely,
the magnets) will generate large derivatives. The coil 11 moving back and forth
about the center 20 gives a huge change in flux. This will be true even with the
small rates of physical displacement (spatial derivatives) of magnet position. '
Because output is proportional to the square of this derivative, significant
increases in power production will resuit.

If the coil 11 is moved from proximate face 18 of magnet 12 to
face 22 of magnet 14 in time 2At, the flux will change from + @nay t0 - Pmax.

Thus, the d@/dt is approximately.

OPrmax/OAL = Pax/At

and it is positive.
This is an approximate value because, for a linear velocity, the
derivative will vary in value during the period At since the field is non-linear.
In the embodiment shown in Figure 24, the coil 11 is wound

around a core 24 having a length, and an axis 26 along the length (coinciding
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with the center line 20 in Figure 23). In the embodiment shown in Figure 19,
the axis 26 is normal to the direction defined between the end 13 of the first
magnet 12 and the end 15 of the second magnet 14. In the embodiment of
Figure 22, the end surface 18 of the first magnet 12 has a width W, and the
core 24 has a length along axis 26 that is at least as long as the width W of the
end surface 18 of the first magnet 12. In the illustrated embodiment, the end
surface 22 of the second magnet 14 has a width corresponding to the width of
the end surface 18. Other embodiments are possible.

In the illustrated embodiment, the coil 11 is supported to be driven
back and forth between the first magnet 12 and the second magnet 14 along a
path between surfaces 18 and 22 that is generally normal to the axis 26.

In an alternative embodiment, shown in Figures 25 and 26, the
end 30 of a first magnet 32 is a south pole and the end 34 of a second magnet
36 is also a south pole (and the ends 30 and 34 at least generally face each
other). A coil 38 is shown between the two magnets in Figure 25, but other coil
arrangements are possible in a generator as will be described herein.

Holding the magnets separate and closer together than the
ambient distance that the repelling force from the magnets would normally
permit creates a high-gradient, or compressed, magnetic field. This generally
results in an increase of power output from the generator. For many
embodiments, holding the magnets closer together up to a limit will result in an
increased power output. For example, in alternative embodiments, the distance
between face 18 and face 22 could be equivalent to two times the distance “a”
shown in Figure 22,

Figure 27 is a diametric cross-sectional view of a generator 200
employing an embodiment of a magnet structure 202 configured to generate a
high-gradient or compressed magnet field. For example, embodiments of the
magnetic structures illustrated in Figures 16 through 21 may be employed as
the magnetic structure 202 illustrated in Figure 27. The generator 200 includes
a housing 208 in which the magnet structure 202 is supported for sliding
movement. In the illustrated embodiment, the case 204 has an outer cylindrical
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surface and the housing 208 has a cylindrical inner surface, which has a
diameter slightly larger than the diameter of the outer cylindrical surface of the
case 204. The outside of the case 204 and the inside of the housing 208 may
be made of or coated with dissimilar materials to reduce potential for binding
between the case 204 and the housing 208. For example, the case 204 may
be coated with a non-stick coating while the housing 208 may be made of an
ABS plastic. Example dissimilar materials are available under the respective
trademarks Teflon® and Lexan®.

The generator 200 further includes an end 210, which can be a
threaded énd cap, for example, closing an open end of the housing 208. The
generator 200 further includes a spring 212 supported by the end 210
configured to be selectively compressed by the magnet assembly 202 and to
rﬁove the magnet assembly 202 away from the end 210. The generator 200
further includes an end 214 which could be a threaded end cap or merely a
closed end, and a spring 216 configured to be selectively compressed by the
magnet assembly 202 and to move the magnet assembly 202 away from the
end 214. In some embodiments, the springs 212, 216 may be configured to
remain in a compressed state.

The generator 200 further includes at least one coil 218 supported
by the housing. While other coil positions are possible, in the illustrated
embodiment, the housing 208 has an outer surface, which is cylindrical in the
illustrated embodiment, and the coil is wrapped around the outer surface of the
housing 208. The coil 218 is positioned radially outwardly of the housing 208
and the magnet assembly 202 inside the housing 208. The coil 218 can be
retrained against longitudinal movement relative to the housing 208 by glue,
grooves, notches, or protrusions in the housing, or by any other desired
method, or can be molded into the housing, supported on the interior of the
housing, etc. The coil 218 is positioned to be acted on by the compressed
magnetic fields generated by the magnetic structure 202.

In some embodiments, the generator 200 as an assembly is

merely supported in a location that would be exposed to motion. In other
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embodiments, a mechanical linkage is provided to couple the generator 200, as
an assembly, to motion. For example, the bottom 214 could be coupled to a
source of motion or movement. In some embodiments, period maintenance
could be facilitated. For example, the top 210 could be removable for cleaning
or maintenance or replacement of magnets, if desired. Some embodiments
may be maintenance free. For example, embodiments of a generator 200
employed in a battery (See Figures 33-35), may be designed to last for the life
of the battery without periodic maintenance. For example, the generator 200
may be evacuated and hermetically sealed in some embodiments.

in some embodiments, an accelerometer is provided in the
desired application and the frequency constant of the motion is determined.
The spring constants of the springs and mass of the magnets are then
customized sb that the magnet assembly 202 resonates in the housing 208
when there is energy available. ,

Figure 28 shows a generator 300, which is similar to the generator
200 except that multiple coils are used. The generator 300 has a magnetic
structure or assembly 302 configured to generate one or more compressed
magnetic fields. Multi-pole magnetic structures configured to generate multiple
compressed magnetic fields, such as embodiments of the magnetic structures
illustrated in figures 16 and 18 through 21, may be advantageously employed
as the magnetic structure 302 in embodiments of the generator 300. The
magnet structure 302 includes a case 304.

. The generator 300 further includes a housing 332 in which the
magnet structure 302 is supported for linear motion. In the illustrated
embodiment, the case 304 has an outer cylindrical surface and the housing 332 -
has a cylindrical inner surface, which has a diameter slightly larger than the
diameter of the outer cylindrical surface of the case 304. The generator 300
further includes an end 334, which can be a threaded end cap, for example,
closing an open end of the housing 332. The generator 300 further includes a
spring 346 supported by the end 334. The spring 346 is configured to be
selectively compressed by the magnet assembly 302 and to move the magnet
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assembly 302 away from the end 334. The generator 300 further includes an
end 338 which could be a threaded end cap or merely a closed end, and a
spring 340 is arranged to be selectively compressed by the magnet assembly
302. The spring 340 is arranged to move the magnet assembly 302 away from
the end 338.

The generator 300 further includes a first coil 336 supported
relative to the magnets such that the first coil 336 is selectively acted on by
fields from at least one pair of opposed ends of magnets, but possibly by fields
from additional pairs of opposed ends of magnets, depending on movement of
the magnet assembly 302. The generator 300 further includes a second coil
342 supported relative to the magnets such that the second coil 342 is
selectively acted on by fields from at least one pair of opposed ends of
magnets, but possibly by fields from additional pairs of opposed ends of
magnets, depending on movement of the magnet assembly 302.' In the
illustrated embodiment, the generator 300 further includes a third coil 344
supported relative to the magnets such that the third coil 344 is selectively
acted on by fields from at least one pair of opposed ends of magnets, but
possibly by fields from additional pairs of opposed ends of magnets, depending
on movement of the magnet assembly 302. Any number of coils can be
employed. Any number of pairs of opposed ends of magnets can be employed
to act on one or more coils.

Figure 29 illustrates an embodiment of a system 2900 employing
a magnetic structure configured to generate a compressed, high gradient
magnetic field and a dual conductor or bi-metal coil. Figure 30 is a diametric
side cross sectional view of the system 2900 of Figure 29 taken along line 30-
30. Figure 30 is not to scale with respect to Figure 29 and some of the detail is
omitted from Figure 30 to facilitate illustration. The system 2900 comprises a
rotor 2902 comprising one or more bi-metal coils 2904. Each bi-metal coil 2904
comprises an electrical conductive winding 2903 and a magnetic conductive
winding 2905. Embodiments of the bi-metal coils illustrated in Figures 2-3 and
5-11 may be advantageously employed in embodiments of the system 2900
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illustrated in Figure 29. Some embodiments may comprise a magnetic
structure configured to generate a compressed magnetic field and a
conventional coil. Other embodiments may comprise a bi-metal coil and a
conventional magnetic structure.

The 2900 also comprises a stator 2906 comprising a magnet
support 2908 and a plurality of permanent magnets 2910, 2912, 2914. A first
magnet 2910 of the plurality of magnets is coupled to a central portion 2916 of
the magnet support 2908. The first magnet 2910 is oriented such that its poles
2918, 2920 face opposite sides of an inner circumference 2922 of the rotor
2902. The second magnet 2912 in the plurality of magnets is coupled to a first
outer portidn 2924 of the magnet support 2908. The second magnet 2912 is
oriented such that a pole 2926 of the second magnet 2912 faces the like pole
2918. of the first magnet 2910. As illustrated, the like poles 2918, 2926 are the
sduth pblesof the respective first and second permanent magnets 2910, 2912.
The third magnet 2914 in the plurality of magnets is coupled to a second outer
portion 29'28. of the magnet support 2908. The third magnet 2914 is oriented
such that a pole 2930 of the third magnet 2914 faces the like pole 2920 of the
first magnet 2910. As illustrated, the like poles 2920, 2930 are the north poles
of the respective first and third permanent magnets 2910, 2914. The magnets
2910, 2912, 2914 are positioned such that a plurality of compressed magnetic
fields are generated. In the illustrated embodiment the rotor 2902 is coupled to
a mechanical transmission system 2934. In some embodiments, the magnet
support 2906 may be part of the rotor and the bi-metal coils 2904 may be part
of the stator.

As illustrated, the system 2900 comprises a coupling 2950 for
coupling the coils 2804 to a power grid 2952. Details of the electrical
connection 2954 between the coils 2904 and the coupling 2950 are omitted for
clarity. A bus system coupled to the electrical conductive windings 2903, for
example, may be employed as the electrical connection 2954 between the coils
2904 and the coupling 2950. The coupling 2950 may comprise control and/or
conditioning modules (not shown).
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In some embodiments, the system 2900 may be configured to
operate as a generator. In such embodiments, force applied to the rotor 2902
by the mechanical transmission system 2934 may cause the rotor 2902 to
rotate with respect to the stator 2906. As the rotor 2902 rotates with respect to
the stator 2906 along an axis 2932 illustrated by the dashed line B-B, a three-
phase alternating current may be generated by the system 2900.

In some embodiments, thé system 2900 may be configured to
operate as a motor. In such embodiments, an electrical signal applied to the
coils 2904 may cause the rotor 2902 to rotate with respect to the stator 2906.
As the rotor 2902 rotates with respect to the stator 2906 along an axis 2932
ilustrated by the dashed line B-B, a force is applied to the mechanical
transmission system 2934 by the rotor 2902. In some embodiments, the
system 2900 may be configured to selectively operate as a motor or as a
generator. In some embodiments, the system 2900 may be advantageously
configured to operate at a desired voltage level, in a desired voltage range,
and/or at a desired frequency. For example, the system 2800 may be |
configured to produce 110-120 volts AC at 50/60 Hz, 220-240 volts AC at 50/60
Hz, 10 kV AC at 50/60 Hz, or 100 kV at 50/60 Hz. In some embodiments, the
system 2900 may be figured to produce alternating and/or direct current.

Figure 31 illustrates a side cross-sectional view of an embodiment
of a system 3100 employing a dual conductor or bi-metal coil 700 and a
magnetic structure 202 configured to generate a compressed, high gradient
magnetic field. For convenience, the system 3100 will be described with
respect to the bi-metal coil 700 illustrated in Figures 7 through 9 and the
magnetic structure 202 illustrated in Figure 17. Other embodiments of bi-metal
coils and magnetic structures configured to generate compressed magnetic
fields may be employed in embodiments of the system 3100.

Figure 31 is not necessarily to scale for ease of illustration. The
bi-metal coil 700 comprises a layer of insulating material 702 with an upper
surface 704. The layer of insulating material 702 may comprise, for example,

an integrated circuit board, a substrate or a thin film or sheet of insulation.
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Commercially available insulating materials are sold under the trademark
Mylar®. An electrical conductive trace 706 is formed on the upper surface 704
of the layer of insulating material 702. The electrical conductive trace 706 may
comprise any suitable electrical conductive material, such as, for example,
copper, aluminum, gold, and silver, and alloys. The materials discussed above
with respect to the electrical conductive winding 204 of Figure 2 may be
employed. Well-known techniques for forming traces on substrates may be
employed, such as those used in connection with RFID devices and antennas.
The layer of insulating material 702 has an opening 708 through which the
magnetic structure 202 may move. An upper portion 712 of a suspension
system 714 is coupled to the magnetic structure 202 and to the upper surface
704 of the layer of insulating material 702. The layer of insulating material 702
has a lower surface 716. A magnetic conductive trace 718 is formed on the
lower surface 716 of the layer of insulating material 702. The magnetic
conductive trace 718 may comprise any suitable magnetic conductive material,
such as, for example, nickel, nickel/iron alloys, nickel/tin alloys, nickel/silver
alloys. The materials discussed above with respect to the magnetic conductive
winding 206 of Figure 2 may be employed. Well-known techniques for forming
traces on substrates may be employed, such as those used in connection with
RFID devices and antennas. A lower portion 720 of the suspension system 714
is coupled to the magnetic structure 202 and to the lower surface 716 of the
layer of insulating material 702. The suspension system 714 is coupled to an
optional mechanical transmission system 3102.

In some embodiments, the system 3100 may be configured to
operate as a generator. In such embodiments, mechanical force applied to the
suspension system 714 by the mechanical transmission system 3102 may
cause the magnetic structure 202 to move linearly with respect to the bi-metal
coil 700, which may cause the device to generate an electric current. In some
embodiments, the system 3100 may be configured to operate as a motor. In
such embodiments, an electrical signal applied to the bi-metal coil 700 may
cause the magnetic structure 202 to move linearly with respect to the bi-metal
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coil 700, which may cause the suspension system 714 to apply a mechanical
force to the mechanical transmission system 3102. In some embodiments, the
system 3100 may be configured to selectively operate as a motor or as a
generator.

Figure 32 illustrates a side cross-sectional view of an embodiment
of a system 3200 employing a dual conductor or bi-metal coil 1100 and a
magnetic structure 1604 configured to generate a compressed, high gradient '
magnetic field. For convenience, the system 3200 will be described with
respect to the bi-metal coil 1100 illustrated in Figure 11 and the magnetic
structure 1604 illustrated in Figure 16. Other embodiments of bi-metal coils and
magnetic structures configured to generate compressed magnetic fields may be
employed in embodiments of the system 3200.

Figure 32 is not necessarily to scale for ease of illustration. The
bi-metal coil 1100 comprises a plurality of insulating layers 1102. Traces of
electrical conductive material 1106 are formed on selected surfaces 1130,
1132, 1134, 1136 of the plurality of insulating layers 1102. Traces of magnetic
conductive material 1118 are formed on selected surfaces 1138, 1140 of the
plurality of insulating layers 1102. A suspension system 1114 moveably
suspends a magnetic structure 1900 in an opening 1108 in the plurality. of
layers of insulating material 1102. As illustrated, the bi-metal coil 1100
comprises three layers of insulating material 1102. Fewer or additional layers
1102 may be employed. In addition, in some embodiments the traces of
electrical conductive material 1106 and the traces of magnetic conductive
material 1118 may be formed on selected surfaces of the layers of insulating
material 1102 in different patterns. For example, traces of electrical conductive
material 1106 and traces of magnetic conductive material 1118 may be formed
on alternate surfaces of layers of insulating material. In another example,
traces of electrical conductive material 1106 and magnetic conductive material
1118 may be formed on the same surface of a layer of insulating material 1102,
or on each surface of a layer of insulating material. Traces on various layers of
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insulating material 1102 may be coupled to each other. The suspension
system 1114 is coupled to an optional mechanical transmission system 3202.

in some embodiments, the system 3200 may be configured to
operate as a generator. In such embodiments, mechanical force applied to the
suspension system 1114 by the mechanical transmission system 3202 may
cause the magnetic structure 1900 to move linearly with respect to the bi-metal
coil 1100, which may cause the system to generate an electric current. In some
embodiments, the system 3200 may be configured to generate an alternating
current and/or a direct current. In some embodiments, the device system may
be configured to operate as a motor. In such embodiments, an electrical signal
applied to the bi-metal coil 1100 may cause the magnetic structure 1900 to
move linearly with respect to the bi-metal coil 1100, which may cause the
suspension system 1114 to apply a mechanical force to the mechanical
transmission system 3202. In some embodiments, the system 3200 may be
configured to selectively operate as a motor or as a generator.

Battery technology is a one example application in which
embodiments of a bi-metal coil and/or a magnetic structure configured to
generate a compressed magnetic field may be advantageously employed, as
will be illustrated with a limited number of examples.

Figure 33 is a diametric cross-sectional view of an embodiment of
a battery 100 comprising a case 102, a generator 104, a first energy storage
device 1086, a control module 108, a second energy storage device 110, and
contact terminals 112, 114. The case 102 as illustrated is cut-away so as to
facilitate illustration of other components of the battery 100. The case 102
contains the generator 104, the first energy storage device 106, the control
module 108, and the second energy storage device 110. The contact terminals
112, 114 are mounted to the case 102 at a top 116 and bottom 118,
respectively, of the battery 100.

The case 102 may comprise an outer case shielding 120, which
may be a magnetic and/or electrical shield. The case shielding 120 may
comprise, for example, a layer of tin foil, a layer of a magnetic shielding
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material, such as, for example, nickel, nickel/iron alloys, nickel/tin alloys,

nickel/silver alloys, nickel/iron/copper/molybdenurmn alloys, which may also take

. the form of a foil. Such foil layers may, for example, have a thickness in the

range of 0.002-0.004 inches. Magnetic shielding materials are commercially
available under several trademarks, including MuMetal®, Hipernom®, HyMu
80®, and Permalloy®.

In some embodiments, the case 102 and contact terminals 112,
114 may take the external configuration of those of a conventional battery, such
as, for example, a AA-cell, a AAA-cell, a C-cell, a D-cell, a S-volt battery, a
watch battery, a pacemaker battery, a cell-phone battery, a computer battery,
and other standard and non-standard battery configurations. Embodiments of
the baftery 100 may be configured to provide desired voltage levels, including,
for example, 1.5 volts, 3.7, 7.1, 9-volts, and other standard and non-standard
voltages. Embodiments may be configured to provide direct and/or alternating
current.

The generator 104 converts kinetic energy into electrical energy.
As illustrated the generator 104 is a linear generator comprising a bi-metal coil
122, a magnetic structure 124 and a suspension system 126. As illustrated, the
bi-metal coil 122 comprises an electrical conductive winding 121 and a
magnetic conductive winding 123. As illustrated, the suspension system 126
comprises a magnetic structure carrier guide 128, a first spring 130 coupled at
one end 132 to the magnetic structure 124, a first repelling magnet 134 coupled
to the other end 136 of the first spring 130, a second spring 138 coupled at one
end 140 to the magnetic structure 124, and a second repelling magnet 142
coupled to the other end 144 of the second spring 138. The suspension system
126 facilitates movement of the magnetic structure 124, in response to
movement of the battery, along an axis A-A with respect to the coil 122. The
movement of the magnetic structure 124 relative to the coil 122 generates a
current in the coil 122. The suspension system 126 may comprise, for
example, stainless steel springs, such as 304 or 316 stainless steel springs.

The magnetic structure 124 may comprise, for example, one or more rare earth
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magnets, such as neodymium-iron-boron permanent magnets, one or more
ceramic magnets, one or more plastic magnets, or one or more other magnets.
The repelling magnets 132, 142 may comprise, for example, one or more rare
earth magnets, one or more ceramic magnets, one or more plastic magnets, or
one or more other magnets. As illustrated, the carrier guide 128 comprises a
winding form 146 upon which one or more windings of the coil 122 are wound.
In some embodiments, a separate winding form may be employed. The
suspension system 126 is configured to permit the magnetic structure 124 to
pass completely out of a region 148 defined by a top 150 and a bottom 152 of
the coil 122. The springs 130, 138 are typically configured in a loaded
condition.

The first energy storage device 106 is configured to store
electrical energy generated by the generator 104. In one embodiment, the first
energy storage device 106 is capable of storing electrical energy generated by
the generator 104 with little or no conditioning. In other embodiments, electrical
energy may be conditioned before it is stored in the first energy storage device
1086, as discussed by way of example below. The first energy storage device
106 may cbmprise, for example, one or more ultracapacitors. For ease of
illustration, the first energy storage device 1086 is illustrated as a functional
block.

The control module 108 controls the transfer of energy within the
battery 100. The control module 108 typically comprises a rectifier, which as
illustrated is a full bridge rectifier 109. For example, the control module 108
may be configured to control the transfer of energy between various
components of the battery 100, such as the generator 104, the first energy
storage device 106, the second energy storage device 110, and the contact
terminals 112, 114. In one embodiment, the control module 108 may also
control the-transfer of energy from the generator 104 to the first energy storage
device 106. In one embodiment, the control module 108 controls the transfer of
energy stored in the first energy storage device 106 to the second energy
storage device 110. For example, the control module 108 may limit the current
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flow from the first energy storage device 106 to the second energy storage
device 110. In another example, the control module 108 may stop the transfer
of energy from the first energy storage device 106 to the second energy storage
device 110 to avoid overcharging the second energy storage device 110. In
one embodiment, the control module 108 may be configured to stop the transfer
of energy to the first energy storage device 106 to avoid overcharging the first
energy storage device 106. In one embodiment, the control module 108 may
be configured to control the transfer of energy from the first energy storage
device 106 to the contact terminals 112, 114. In one embodiment, the control
module may be configured to control the transfer of energy from the generator
to the contact terminals 112, 114. In one embodiment, the control module 108
also may be configured to detect, control, permit, accept, regulate and/or to
facilitate charging of the first energy storage device 106 and/or the second
energy storage device 110 from an external source of electrical energy, such as
a conventional battery charger (not shown), or ambient sources of energy. In
one embodiment, the control module 108 is configured to condition energy
during a transfer. The opération of the control module 108 in two exemplary
embodiments is discussed in more detail below in the description of Figures 37
and 38.

The control module 108 may be implemented in a variety of ways,
including as a combined control system or as separate subsystems. The
control module 108 may be implemented as discrete circuitry, one or more
microprocessors, digital signal processors (DSP), application-specific integrated
circuits (ASIC), or the like, or as a series of instructions stored in a memory and
executed by a controller, or various combinations of the above. In some
embodiments, the first energy storage device 106 may be integrated into the
control module 108.

The second energy storage device 110 is configured to store
electrical energy transferred from the first energy storage device 106 under the
control of the control module 108. The second energy storage device 110 may
comprise, for example, one or more conventional batteries, such as a lead-acid
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battery, a nickel-cadmium battery, a nickel-metal hydride battery, a lithium
polymer battery or lithium ion battery, a sodium/sulfur battery, or any suitable
rechargeable energy storage device.

The contact terminals 112, 114 provide access for transferring
electrical energy to and/or from the battery 100. The contact terminals 112, 114
may be made of any electrically conductive material, such as, for example,
metallic materials, such as copper, copper coated with silver or tin, aluminum,
gold, etc. The contact terminals 112, 114 are coupled to the control module
108. In some embodiments, the contact terminals 112, 114 may be coupled to
the second energy storage device 110, instead of being directly coupled to the
control module 108. As illustrated, the contact terminals 112, 114 have a
physical configuration similar to the contact terminals of a conventional C-cell
battery. As discussed above, other configurations may be employed. The
contact terminals 112, 114 are configured to permit the battery 100 to be easily
installed into and removed from external devices, such as, for example, a radio,
a cell phone, or a positioning system. The contact terminals 112, 114 may
employ magnetic shielding.

Energy may be stored in the battery 100 as a result of movement
of the battery 100. For example, if the magnetic structure 124 is neutral with
respect to the coil 122 and the battery 100 is subject to a downward movement,
the magnetic structure 124 may move up with respect to the coil 122 in
response to the downward movement of the battery 100. The relative upward
movement of the magnetic structure 124 will result in the generation of a
current in the coil 122 when it passes above the top of the coil 150. As the
magnetic structure 124 approaches the first repulsive magnet 134, the first
spring 130 and the first repulsing magnet 134 will apply downward forces to the
magnetic structure 124. In response to the downward forces, the magnetic
structure 124 may begin to move downward with respect to the coil 122. It may
pass through neutral 151, a location approximately midway between 150 and
152, and pass through the coil 122 again, generating additional electrical
current when it passes below the bottom of the coil 152. When the magnetic
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structure 124 approaches the second repulsing magnet 142, the second spring
138 and the second repulsing magnet 142 will apply upward forces to the
magnetic structure 124. If the upward forces are sufficiently strong, the
magnetic structure 124 will again pass through the coil 122 again, and generate
additional electrical current. The movement may continue in an oscillatory back
and forth fashion until there is insufficient energy in the suspension system 126
to continuing moving the magnetic structure 124 with respect to the coil 122.

In some embodiments the suspension system 126 may be tuned
to increase the electrical energy generated from anticipated sources of energy.
For example, if the battery 100 will frequently be in an environment where
energy is supplied by an individual walking or running at a known speed or rate,
the suspension system 126 may be tuned to that speed or rate. Thus, a battery
may be configured to substantially maximize the conversion of energy expected
to be generated by a jogger into electrical energy. In another example, if the
battery 100 will frequently be subject to stop and go traffic in an automobile or
irregular motion from a flight or ground vehicle, the suspension system 126 may
be tuned to maximize the conversion of the energy of that environment into
electrical energy. In another example, if the battery will be employed in an
environment frequently subjected to fiuid waves, such as water or sea waves,
or wind, the suspension system may be tuned to maximize the conversion of
the energy of that environment into electrical energy. In another example, if the
battery will be frequently subjected to vibrations, for example, in a moving
vehicle, the suspension system may be tuned to maximize the conversion of
the energy received from the vibrations into electrical energy. The suspension
system may be tuned, for example, by modifying the strength of any repelling
magnets, adjusting the tension in any repelling devices, such as springs,
employing multiple mechanical repelling devices (see Figure 36), modifying the
length of the path of travel of the magnetic structure, or combinations of
modifications. Other suspension systems may be employed, such as, for
example, suspension systems which orient the generator in different directions

within the battery. The suspension system 126 may be gimbaled and/or may
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employ gyroscopic principles to orient the generator to facilitate optimal
conversion of energy into electrical energy. Muitiple generators within a battery
with different orientations may be employed and muitiple battery configurations
may be employed.

In some embodiments, other generator configurations may be
employed, such as, for example, radial, rotational, Seebeck, acoustic, thermal,
or radio-frequency generators. In some embodiments, other suspension
systems may be employed, such as suspension systems in which the generator
104 may move with respect to the case 102 so as to take maximum advantage
of the available forms of energy. For example, the generator 104 may be
configured to rotate in the battery case 102, so as to align itself with an axis of
movement. In another example, the suspension system 126 may be configured
to allow the coil 122 to move with respect to the magnetic structure 124.

Figure 34 is a diametric cross-sectional view of another
embodiment of a battery 200 comprising a case 202, a generator 204, a first
energy storage device 2086, a control module 208, a second energy storage
device 210, a third energy storage device 211, and contact terminals 212, 214.
The case 202 as illustrated is cut-away so as to facilitate illustration of other
components of the battery 200. The case 202 contains the generator 204, the
first energy storage device 206, the control module 208, the second energy
storage device 210 and the third energy storage device 211. The contact
terminals 212, 214 are mounted to the case 202 at a top 216 and bottom 218,
respectively, of the battery 200. The case 202 may comprise an outer case
shielding 220, which may be a magnetic and/or electrical shield. In some
embodiments, the case 202 and contact terminals 212, 214 may take the
configuration of those of a conventional battery, such as, for example, a AA-
cell, a AAA-cell, a C-cell, a D-cell, a 9-volt battery, a watch battery, a
pacemaker, a cell-phone battery, a computer battery, and other standard and
non-standard battery configurations. Embodiments of the battery 200 may be
configured to provide desired voltage levels, as discussed above with respect to

the embodiment illustrated in Figure 33. For example, the voltage level can be
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modified by changing the number of turns in a winding (see, e.g., winding 410
of coil 402 in Figure 36) of the coil 122.

The generator 204 converts received energy into electrical
energy. As illustrated the generator 204 is a linear generator comprising a coil
222, a magnetic structure 224 and a suspension system 226. The generator
204 may operate, for example, as described above with respect to the
generator 104 illustrated in Figure 33.

The first energy storage device 206 is configured to store
electrical energy generated by the generator 204. In one embodiment, the first
energy storage device 206 is capable of storing electrical energy generated by
the generator 204 with little or no conditioning. The first energy storage device
206 may comprise, for example, one or more ultracapacitors.

The control module 208 controls the transfer of energy between
the various components of the battery 200, such as the generator 204, the first
energy storage device 206, the second energy storage device 210, the third
energy storage device 211, and the terminals 212, 214. For example, the
control module 208 may control the transfer of stored in the first energy storage '
device 206 to the second energy storage device 210 and to the third energy
storage device 211. In one embodiment, the control module 208 may also
control the transfer of energy from the generator 204 to the first energy storage
device 206. For example, the control module 208 may limit the current flow
from the first energy storage device 206 to the second energy storage device
210 and to the third energy storage device 211. In another example, the control
module 208 may stop the transfer of energy from the first energy storage device
206 to the second energy storage device 210 and to the third energy storage
device 211 to avoid overcharging the second and third energy storage devices
210, 211. In one embodiment, the control module 208 may be configured to
detect, control, permit, and/or to facilitate charging of the first, second and/or
third energy storage devices 206, 210, 211 from an external source of electricat

energy (not shown) coupled to the terminals 212, 214.
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The control module 208 may be implemented in a variety of ways.
For example, the control module may be implemented as described above in
the description of the control module 108 of Figure 33.

The second and third energy storage devices 210, 211 are
configured to store electrical energy transferred from the first energy storage
device 206 under the control of the control module 208. The second and third
energy storage devices 210, 211 may comprise, for example, conventional
rechargeable batteries, such as nickel-cadmium batteries, nickel-metal hydride
batteries, lithium polymer batteries or lithium ion batteries, other energy storage
devices, or combinations of energy storage devices. The second and third
energy storage devices may be coupled to the control module 208, for example,
separately, in series, or in parallel. As illustrated, the second and third energy
storage devices 210, 211 are washer-shaped with the suspension system 226
extending into hollow.centers 209, 213 of the second and third energy storage
devices 210, 211. As illustrated the second and third energy storage device
210, 211 are connected in series between the first and second contact
terminals 212, 214 and in series to the control module 208. Some
embodiments may employ dissimilar metals to take advantage of the Seebeck
effect.

The contact terminals 212, 214 provide access for transferring
electrical energy to and from the battery 200. The contact terminals 212, 214
may be made of any electrically conductive material, such as, for example,
metallic materials, such as copper, copper coated with silver or tin, aluminum,
gold, etc. The contact terminals 212, 214 are coupled to the second and third
energy storage devices 210, 211. The second and third energy storage
devices 210, 211 may be coupled to the contact terminals in parallel or in
series. In some embodiments, the contact terminals 212, 214 may be coupled
to the control module 208, instead of being directly coupled to the second and
third energy storage devices 210, 211. As illustrated, the contact terminals 212,
214 have the physical configuration of the contact terminals of a conventional

C-cell battery. As discussed above, other configurations may be employed.
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The contact terminals 212, 214 are typically configured to permit the battery
200 to be easily installed into and removed from external devices, such as, for
example, a radio, a cell phone, or a positioning system. The contact terminals
212, 214 may employ magnetic shielding.

Energy may be stored in the battery 200 as a result of movement
of the battery 200. For example, energy may be converted into stored energy
in a manner similar to the example discussed above with respect to Figure 33.

As discussed above, in some embodiments the suspension
system 226 may be tuned to maximize the electrical energy generated from
anticipated sources of kinetic energy.

‘ In some embodiments, other generator configurations may be
employed, such as, for example, rotational generators. In some embodiments,
other suspension systems may be employed, such as, for example, suspension
systems in which the generator 204 may move with respect to the case 202 so
as to take maximum advantage of available kinetic energy. For example, the
generator 204 may be configured to spin in the battery case 202, so as to align
itself with an axis of movement. In another example, the suspension system
226 may be configured to allow coil 222 to move with respect to the magnetic
structure 224.

Figure 35 is a side sectional view of another embodiment of a
battery 300 comprising a case 302, a generator 304, a first energy storage
device 306, a control module 308, a second energy storage device 310, and
contact terminals 312, 314. The battery 300 has a different configuration than
the battery 100 illustrated in Figure 33, but the operation of the battery 300 is
typically similar to the operation of the battery 100 illustrated in Figure 33. The
contact terminals 312, 314 may be made of any electrically conductive material,
such as, for example, metallic materials, such as copper, copper coated with
silver or tin, aluminum, gold, etc. In some embodiments, the contact terminals
312, 314, may be contained within a connector, such as a plastic connector.

Figure 36 is a diametric cross-sectional view of a generator 400

suitable for use, for example, in the embodiments illustrated in Figures 33
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through 35. Other generators and/or devices may be employed in the
embodiments illustrated in Figures 33 through 35, such as, for example, the
embodiments illustrated in Figures 22-32. The generator comprises a coil 402,
a magnetic structure 404 configured to generate a compressed magnetic field
(see, e.g., Figures 15 through 21) and a suspension system 406. The
suspension system 406 is configured to allow the magnetic structure 404 to
completely pass through the coil 402 in either direction. As illustrated, the
generator 400 is a linear generator.

The coil 402 comprises a cylindrical winding form 408 and one or
more windings 410. As illustrated, the winding form 408 is integrated with a
carrier guide 409 of the suspension system 406. As illustrated, the coil 402
comprises a single winding 410. The winding 410 may comprise any
electrically conductive and substantially non-magnetic conductive material,
such as, for example, copper, aluminum, gold, and silver, and alloys. The
winding 410 is typically covered with an insulating material 411. In some
embodiments, additional windings comprising magnetic conductive and/or non-
magnetic conductive material may be employed (See, e.g., Figures 2-11). The
winding 410 may be, for example, solid material or may be comprised of
strands of wire. Sheets of material may be employed in some embodiments.
For example, a sheet comprising a copper layer and a Mylar ® layer may be
wound around the winding form 408.

The magnetic structure 404 comprises a plurality of permanent
magnets 412, 414, 416 contained within a cylindrical magnet housing 418.
While the illustrated embodiment employs three permanent magnets 412, 414,
416, other embodiments of the generator 400 may employ different numbers of
permanent magnets, such as two permanent magnets, four permanent
magnets or hundreds of permanent magnets. The permanent magnets 412,
414, 416 are disk-shaped as illustrated, but other shapes may be employed.
For example, rectangular- (e.g., square), spherical-, or elliptical-shaped
magnets may be employed. Similarly, the faces of the magnets need not be

flat. For example, convex-, concave-, radial-, cone-, or diamond-shaped faces
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may be employed. Various combinations of shapes and faces may be
employed. In some embodiments, electromagnets may be employed. The
inside 420 of the magnet housing 418 and outsides 422, 424, 426 of the
permanent magnets 412, 414, 416 are threaded so that the permanent
magnets 412, 414, 416 can be fixed in position with respect to each other within
the magnet housing 418. Other positioning mechanisms may be em'ployed,
such as tabs, spacers, glues, or combinations of positioning mechanisms.

The magnets 412, 414, 416 are positioned and held apart from
each other and are arranged such that same polarity poles in adjacent
permanent magnets face each other. For example, the N pole 428 of the first
permanent magnet 412 faces the N pole 430 of the second permanent magnet
414 and the S pole 432 of the second permanent magnet 414 faces the S pole
434 of the third permanent magnet 416. In addition, the magnets 412, 414, 416
are held close enough together to form a compressed magnetic field (see the
discussions of Figures 15 and 16). In some embodiments, the spaces 436, 438
between the permanent magnets 412, 414, 416 are substantially filled with a
material 437, which may comprise a gas such as air. In some embodiments,
the material 437 may comprise other substantially non-magnet and
substantially non-conductive substances, such as a fluoropolymer resin or
plastic. In some embodiments, the magnetic structure may be evacuated and
hermetically sealed.

As noted above, the shape, position and strength of the
permanent magnets in a magnetic structure, such as the magnetic structure
404, can increase the efficiency of the generator 400 by generating a
compressed magnetic field. The ratio of the length 440 from the top 442 of the
first permanent magnet 412 to the bottom 444 of the third permanent magnet
416 to the length of 446 of the inner diameter 448 of the winding form 408, aiso
impacts the electrical current produced in response to movement of the
magnetic structure 404 with respect to the coil 402. A gauss meter (not shown)

may be employed to determine the optimum strength and positioning of the
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permanent magnets 412, 414, 416, as well as the number of permanent
magnets and the length 440.

Other design considerations may be taken into consideration as
well, such as weight and reducing external impacts of electromagnetic fields
and impacts from external electromagnetic fields. In another example of an
additional design consideration, the overall length 450 of the winding form 408
and the range of movement of the magnetic structure 404 in the suspension
system may impact the stability of the generator 400. In one experimental
embodiment, the first magnet 412 and the third magnet 416 had a strength of
450 gauss and the second magnet had a strength of 900 gauss and the
permanent magnets 412, 414, 416 were separated by 2 mm. Factors in
determining the desired spacing include the magnetic B-field strength. The
repelling magnets 460, 462 each had a strength of 600 gauss. In another
experimental embodiment, the first magnet 412, second magnet 414 and third
magnet 416 had a strength of 12,600 gauss and the permanent magnets 412,
414, 416 were separated by 4-5 mm. The répelling magnets 460, 462 each
had a strength of 9906 gauss. This resulted in a high-gradient field with a
strength of approximately 16,800 gauss.

The inside 452 of the carrier guide 409 and the outside 454 of the
magnet housing 418 are made of or coated with dissimilar materials to reduce
potential for binding between the winding form 408 and the magnet housing
418. For example, the carrier guide 409 may be coated with a non-stick coating
while the magnet housihg 418 may be made of an ABS plastic. Example
dissimilar materials are available under the respective trademarks Teflon® and |
Lexan®. The magnetic housing 418 also comprises a first threaded end cap
456 and a second threaded end cap 458.

The suspension system 406 comprises a first repelling permanent
magnet 460 and a second repelling permanent magnet 462 that are fixed with
respect to the coil 402 in the axis of movement 464 of the magnetic structure
404. The first repelling magnet 460 is positioned such that a like pole of the
first repelling magnet 460 faces the like pole of the nearest permanent magnet
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412 in the magnetic structure 404. As illustrated, the S pole 466 of the first
repelling magnet 460 faces the S pole 468 of the first permanent magnet 412 of
the magnetic structure 404. Similarly, the second repelling magnet 462 is
positioned such that a like pole of the second repelling magnet 462 faces the
like pole of the nearest permanent magnet 416 in the magnetic structure 404,
As illustrated, the N pole 470 of the second repelling magnet 462 faces the N
pole 472 of the third permanent magnet 416 of the magnetic structure 404.
This arrangement increases the efficiency of the generator in converting kinetic
energy into electrical energy and reduces the likelihood that the magnetic
structure 404 will stall in the suspension system 406.

The suspension system 406 also comprises a first spring 474, a
second spring 476, a third spring 478 and a fourth spring 480. The first spring
474 is coupled to the first repelling magnet 460 and to the first cap 456 of the
magnetic structure 404. The first spring 474 is typically in a loaded condition.
The second spring 476 is coupled to the second repelling magnet 462 and to
the second end cap 458 of the magnetic structure 404. The second spring 476
is typically in a loaded condition. The first and second springs 474, 476 help to
hold the magnetic structure 404 centered in the desired movement path along
the axis 464, and impart forces to the magnetic structure 404 as they are
compressed and stretched by movement of the magnetic structure 404 along
the axis of movement 464. The third spring 478 is coupled to the first repelling
magnet 460 and imparts a repelling force on the magnetic structure 404 in
response to compression forces applied by the magnetic structure 404 as it
nears the first repelling magnet 460. The fourth spring 480 is coupled to the
second repelling maghet 462 and imparts a repelling force on the magnetic
structure 404 in response to compression forces applied by the magnetic
structure 404 as it nears the second repelling magnet 462. The springs 474,
476, 478, 480 may be tuned to increase the efficiency of the generator in
particular applications and likely environments, as discussed in more detail

above in the description of Figure 33. The tuning may be done experimentally.
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Some embodiments may employ no springs, fewer springs, or more springs.
For example, in some embodiments springs 478 and 480 may be omitted.

Figure 37 is a high-level flow diagram illustrating an embodiment
of a method 1500 of charging a portable energy storage device, such as the
batteries 100, 200, 300 illustrated in the embodimeénts of Figures 33 through 35,
in response to movement of the battery. For convenience, the method 1500 will
be described with respect to the battery 100 illustrated in Figure 33.

The method 1500 begins at 1502 and proceeds to 1504. At 1504,
the battery 100 receives energy as a result of movement of the battery 100. '
The method 1500 proceeds to 1506. At 15086, the battery 100 converts the
energy into movement of a magnetic structure with respect to a coil inside the
battery 100. The back and forth movement of the magnetic structure through
the coil generates an alternating current signal. The magnetic structure may be
configured to generate a compressed magnetic field (see, e.g., Figures 15
through 21 and 36). The coil may comprise electrical conductive and magnetic
conductive windings (see, e.g., Figures 2 through 11). The method 1500
proceeds from 1506 to 1508. At 1508, the battery 100 rectifies the alternating
current signal produced by the movement of the magnetic structure with respect
to the coil. The method proceeds to 1510. At 1510, the battery 100 stores
electrical energy from the rectified alternating current signal in a first energy
storage device within the battery 100. The method 1500 proceeds from 1510 to
1512. At 1512, the battery 100 controls the transfer of energy stored in the first
energy storage device to a second energy storage device within the battery
100. The method 1500 proceeds from 1512 to 1514, where the method 1500
stops.

Embodiments of a method to charge a portable energy storage
device may perform other acts not shown in Figure 37, may not all perform all
of the acts shown in Figure 37, may combine acts shown in Figure 37, or may
perform the acts of Figure 37 in a different order. For example, the
embodiment of a method 1500 illustrated in Figure 37 may be modified to check .

whether conditions are appropriate for charging second energy storage device
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before transferring energy from the first energy storage device to the second
energy storage device.

Figure 38 is a high-level flow diagram illustrating an embodiment
of a method 1600 of operating a portable energy storage device, such as the
batteries 100, 200, 300 illustrated in the embodiments of Figures 33 through 35,
in response to the presentation of a load or a charge signal to the battery. For
convenience, the method 1600 will be described with respect to the battery 100
illustrated in Figure 33.

The method 1600 begins at 1602 and proceeds to 1604. At 1604,
the battery 100 determines whether a load is being presented to the battery
100. This may be done, for example, by using discrete circuitry. When itis
determined at 1604 that a load is being presented to the battery 100, the
method proceeds from 1604 to 1606. When it is determined at 1604 that a load
is not being presented to the battery 100, the method 1600 proceeds from 1604
to 1620.

At 1606, the battery 100 determines whether to condition energy
from the generator and provide the conditioned energy to the load. This
determination may be made, for example, by determining whether the energy
being generated by the generator is sufficient to drive the load. Other factors
may be considered as well in the determination, such as, for example, load
histories, charging and discharging cycles of the energy storage devices in the
battery 100. Discrete circuitry and/or look-up tables may be employed to
determine to supply conditioned energy from the generator to the load. When it
is determined at 1606 to condition energy from the generator and provide the
conditioned energy to the load, the method 1600 proceeds from 1606 to 1608.
When it is determined at 1606 to not provide conditioned energy from the
generator to the load, the method 1600 proceeds from 1606 to 1610. At 1608,
the battery 100 transfers conditioned energy from the generator to the load.
The method 1600 proceeds from 1608 to 1604.

At 1610, the battery 100 determines whether to transfer energy

from the first energy storage device to the load. This determination may be
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made, for example, by determining whether the energy stored in the first energy
storage device is sufficient to drive the load. Other factors may be considered
as well in the determination, such as, for example, load histories, and charging
and discharging cycles of the energy storage devices in the battery 100.
Discrete circuitry and/or look-up tables may be employed to determine whether
to supply energy stored in the first energy storage device to the load. When itis
determined at 1610 to supply energy stored in the first energy storage device to
the load, the method 1600 proceeds from 1610 to 1612. When it is determined
at 1610 to not transfer energy stored in the first energy storage device to the
load, the method 1600 proceeds from 1610 to 1614. At 1612, the battery 100
transfers energy stored in the first energy storage device to the load. The
method 1600 proceeds from 1612 to 1604.

At 1614, the battery 100 determines whether to transfer energy
from the second energy storage device to the load. This determination may be
made, for example, by determining whether the energy stored in the second
energy storage device is sufficient to drive the load. Other factors may be
considered as well in the determination, such as, for example, load histories,
and charging and discharging cycles of the energy storage devices in the
battery 100. Discrete circuitry and/or look-up tables may be employed to
determine whether to supply energy stored in the second energy storage device
to the load. When it is determined at 1610 to supply energy stored in the
second energy storage device to the load, the method 1600 proceeds from
1614 to 1616. When it is determined at 1614 to not transfer energy stored in
the second energy storage device to the load, the method 1600 proceeds from
1614 to 1618. At 1616, the battery 100 transfers energy stored in the second
energy storage device to the load. The method 1600 proceeds from 1616 to
1604.

At 1618, error processing and/or safety processing for load
conditions is performed. For example, the battery 100 may disable the transfer
of energy from the battery until the battery has been recharged (either through
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energy from the generator or through external sources of energy). The method
1600 proceeds from 1618 to 1604.

At 1620, the battery 100 determines whether a charge signal is
being presented to the battery 100. This may be done by, for example, using
discrete circuitry. When it is determined at 1620 that a charge signal is being
presented to the battery 100, the method proceeds from 1620 to 1622. When it
is determined at 1620 that a charge signal is not being presented to the battery
100, the method 1600 proceeds from 1620 to 1604.

At 1622, the battery 100 determines whether to charge the first
ehergy storage device. This determination may be made based upon factors
such as, for example, the characteristics of the charge signal, the energy stored
in the energy storage devices, and charging and discharging cycles of the
energy storage devices in the battery 100. Discrete circuitry and/or look-up
tables may be employed to determine whether to charge the first energy
storage device using the energy in the charge signal. When it is determined at
1622 to charge the first energy storage device, the method 1600 proceeds from
1622 to 1624. When it is determined at 1622 not to charge the first energy
storage device, the method 1600 proceeds from 1622 to 1626. At 1624, the
battery 100 uses energy from the received charge signal to charge the first
energy storage device. The method 1600 proceeds from 1624 to 1604.

At 1626, the battery 100 determines whether to charge the
second energy storage device. This determination may be made based upon
factors such as, for example, the characteristics of the charge signal, the
energy stored in the energy storage devices, and charging and discharging
cycles of the energy storage devices in the battery 100. Discrete circuitry
and/or look-up tables may be employed to determine whether to charge the
second energy storage device using the energy in the charge signal. Whenitis
determined at 1626 to charge the second energy storage device, the method
1600 proceeds from 1626 to 1628. When it is determined at 1626 not to charge
the second energy storage device, the method 1600 proceeds from 1626 to
1630. At 1628, the battery 100 uses energy from the received charge signal to
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charge the second energy storage device. The method 1600 proceeds from
1628 to 1604.

At 1630 load error processing is performed. For example, the
battery 100 may temporarily disable charging of the energy storage devices.
The method 1600 proceeds from 1630 to 1604.

Embodiments of a method of operating a portable energy storage
device may perform other acts not shown in Figure 38, may not all perform all
of the acts shown in Figure 38, may combine acts shown in Figure 38, or may
perform the acts of Figure 38 in a different order. For example, the
embodiment of a method 1600 illustrated in Figure 38 may be modified to
provide energy to a load from more than one energy storage device. In another
example, the embodiment of a method 1600 illustrated in Figure 38 may be
modified to simultaneously charge an energy storage device and provide
energy to a load.

In another example application, devices employing bi-metal coils,
magnetic structures configured to generate compressed magnetic fields, and/or
other aspects of the present disclosure may be advantageously employed to
convert fluid waves, such as water or sea water waves, to electrical energy.
This is a potential environmentally friendly, renewable, source of energy. For
example, an apparatus, such as the one disclosed in U.S. Patent No. 6,864,592
to Kelly, for converting the motion of sea wave energy to electrical energy,
including one or more float driven linear generators in which the inertial mass of
a float and any linkage to the linear generator is minimized, may be modified in
accordance with the present disclosure. The moving part of the generator is
sized that its gravitational weight acting upon the float, together with that of the
float itself and any intermediate linkage, is substantially equal to half the total
buoyancy of the float. In calm conditions, the float would be half in, half out of
the water. In the presence of waves during the rise of a wave, an upwards
thrust is imparted to the generator equal to substantially half the weight of the
water displaced by the float. On the fall of the wave, a downwards thrust due to
gravity is imparted to the generator equal to the combined weight of the
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assembly. Thus, the linear generators experience substantially consistent
upwards and downwards thrust during the passing of a wave, and consistent
generation of power during both of these phases is achieved. The device of
Kelly could be advantageously modified to incorporate bi-metal coils and/or
magnetic structures configured to generate compressed magnetic fields to
increase its efficiency.

Another patent that discloses converting sea waves to electrical
energy is U.S. Patent No. 6,791,205 to Woodbridge, which is incorporated
herein by reference. This patent discloses a reciprocating generator rigidly
attached to the underside of an ocean buoy that creates electric power from
ocean swells. A generator coil maintains a stable position beneath the ocean
surface while the magnetic field housing reciprocates with the vertical motion of
the buoy in response to interaction with swell and waves on the surface of the
ocean. Damping plates attached to the generator coil inhibit the motion of the
generator coil, thus keeping it in a stable position relative to the motion of the
magnetic housing. The magnetic housing focuses the magnetic field through
the generator coil and the relative motion between the magnetic housing and
generator coil creates an electromotive force in the coil. In another example,
the apparatus of Woodbridge could be advantageously modified in accordance
with the present disclosure to increase its efficiency.

In some embodiments, as shown in Fig. 39, a generator 200 is
employed in a cargo container 350. Security of cargo containers is a growing
concern. If power were available, gamma detection of explosives, infrared
detection of human cargo, or other surveillance could be performed. By
supporting a generator 200 or 300 in or on a cargo container 350, energy can
be generated by the linear generator from the motion of a ship 360, due to the
action of waves, and this energy can be used to power a variety of surveillance
or detection systems. The generator 200 or 300 could be arranged to capture
side to side rocking motion, or up and down motion, for example.

In another example, Figure 40 shows just one example of a water

wave io electrical energy power facility 400 comprising a plurality of power
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generators 402 of the type described above. The facility 400 includes paddles
or linkages 412 coupled to the generators 402. In one embodiment, the
generators 402 are like the linear generators described above and the paddles
412 are coupled to the bottom 214 of a generator 200 or the bottom 338 of a
generator 300. The generators 402 are arranged to be moved by water waves
and to cause either the coils or magnets of the generators 402 to move in
response to the waves. In some embodiments, the generators 402 are
supported to float on water, without the use of linkages.

The facility 400 further includes one or more rectification circuits
or circuitry 404 coupled to the windings or coils of the power generators 402.
The rectification circuits 404 convert AC currents generated in the windings or
coils of the power generators 402 to DC currents. The windings or coils of the
power generators may comprise bi-metal coils.

In the embodiment of Figure 40, the facility 400 further includes a
power storage device 406 coupled to the rectification circuits 404 for
accumulating and storing power generated by the windings or coils. The power
storage device 406 can be or include one or more batteries, capacitors,
combination of batteries and capacitors, or other types of power storage
devices. The power storage device includes a charging regulator to provide
proper current and voltage to the battery, capacitor, or other energy storage
device.

In the embodiment of Figure 40, the facility 400 further includes
an inverter 408 coupled to the power storage device 406 and configured to
supply alternating current to an electricity distribution system or grid. In the
illustrated embodiment, the inverter is coupled to the grid via a transformer 410.
Other embodiments, including one or more power generators, for converting
water waves to electrical power (either AC or DC) are possible.

Other applications are possible, such as biological motion
systems, parasitic power harvesting, self-powered devices such as self-
powered security and intelligence gathering devices. For example, in one

embodiment, a power generator as described herein is included in a shoe, to
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generate power from walking. That power can be used to supply any variety of
electronic devices.

A shoe-mounted device includes, for example, a power generator
as described above, mounted in or on a shoe heel such that each time the heel
hits the ground, the impact causes movement of the coil relative to the
magnets. The shoe-mounted device also includes a rectification circuit (e.g., a
full wave rectifier) coupled to the coil of the power generator, and a power
storage device such as a capacitor or battery coupled to the output of the
rectification circuit. A voltage regulator can be included to provide proper
current and voltage to the storage device. '

For example, Figure 41 shows just one example of a biological
motion device 500 comprising a power generator 502 of the type described
above in connection with Figures 22-32. The power generator 502 is mounted,
in some embodiments, in the heel of a shoe or elsewhere on a person such that .
the action of walking moves the magnets relative to the coil of a power
generator 502.

The device 500 further includes a rectification circuit or
rectification circuitry 504 coupled to the windings or coils of the power generator
502. The rectification circuitry 504 converts AC currents generated in the
windings or coils of the power generators 502 to DC currents.

In the embodiment of Figure 41, the device 500 further includes a
power storage device 506 coupled to the rectification circuitry 504 for
accumulating and storing power generated by the windings or coils. The power
storage device 506 can be or include one or more batteries, capacitors,
combination of batteries and capacitors, or other types of power storage
devices.

In the embodiment of Figure 41, the device 500 further includes a
voltage regulator 508 coupled to the power storage device 506 and configured
to provide a stable output voltage to an electronic device borne by a person.

Other embodiments are possible.
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Figure 42 illustrates an embodiment of a system 100 that is
gimbaled to facilitate the conversion of available energy into electrical energy.
The system 100 comprises a generator 102, such as, for example, one or more
of the generators illustrated in Figures 22 through 32, supported by a support
structure 104 that facilitates positioning of the generator 102 in a desired
position. In some embodiments, the support structure 104 may employ
gyroscopic techniques.

Figure 43 illustrates a system 100 comprising a plurality of
generators 102, 104, 106 coupled to a support structure 108. A first generator
102 is coupled to the support structure 108 so as to be oriented along an X-axis
110. A second generator 104 is coupled to the support structure 108 so as to
be oriented along an Y-axis 112. A third generator 106 is coupled to the
support structure 108 so as to be oriented along a Z-axis 114.

Figure 44 illustrates an article of clothing 100 comprising an
embodiment of a battery 102, such as one of the battery embodiments
illustrated in Figures 33 through 35, an embodiment of a generator 104, such as
one of the generators illustrated in Figures 22 through 32, solar collectors 106,
and a radio-frequency energy collector 108 comprising an antenna system 110
and a rectifier 112. The article of clothing 100 also comprises a bus system
114 to couple the various components together and a coupling 116 to couple
the bus system 100 to the battery 102. The coupling 116 may be configured to
condition or add together electrical energy received from the generator 104, the
solar collectors 106 and/or the radio frequency energy collector 108, or to
switch a connection 118 to the battery to connect to one or more of the other
components of the article of clothing, such as the generator 104. The coupling
116 may also be configured to allow connections to external loads and/or
sources of energy. As illustrated, the article of clothing 100 is a shirt, but other
embodiments may comprise other articles of clothing. The battery 102,
generator 104, solar collectors 106, the radio-frequency energy collector 108,
bus system 114, the coupling 116 and the connection 118 may be integrated

into the article of clothing, removeably coupled to the article of clothing, or
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combinations of the above. For example, the antenna system 110 and the bus
system 114 may be integrated into the fabric of the shirt while the battery 102
may be coupleable to the shirt. In another example, a button 122 may also
comprise a solar collector 106. Some embodiments may not comprise all of the
components illustrated. For example, an embodiment may comprise the
battery 102 and the antenna system 110. In some embodiments, a control
module in the battery (see control module 208 in Figure 34), may control
storage in the battery 102 of energy received by the battery 102 via the bus
system 114.

Figure 45 is a side sectional view of an embodiment of a system
100 in accordance with an embodiment. The system 100 comprises a rotor 102
comprising a magnetic structure 104 configured to generate a compressed
magnetic field and a stator 106 comprising one or more bi-metal coils 108
comprising an electrical conductive element 110 and a magnetic conductive
element 112. Figure 46 is a top cross-sectional view of the rotor 102 of Figure
45 taken along lines 46-46. The magnetic structure 104 comprises a plurality of
magnets 114 held spaced apart with like poles facing each other so as to
generate a compressed magnetic field.

Although specific embodiments of and examples for the coil,
magnetic structure, device, generator/motor, battery, control module, energy
storage devices and methods of generating and storing energy are described
herein for illustrative purposes, various equivalent modifications can be made
without departing from the spirit and scope of this disclosure, as will be
recognized by those skilled in the relevant art. The various embodiments
described above can be combined to provide further embodiments.

These and other changes can be made to the invention in light of
the above-detailed description. In general, in the following claims, the terms
used should not be construed to limit the invention to the specific embodiments
disclosed in the specification and the claims. Accordingly, the invention is not
limited by the disclosure, but instead its scope is to be determined entirely by
the following claims.
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CLAIMS

What is claimed is:

1. A battery, comprising:

a case;

a first generator contained within fhe case and configured to
convert energy received by the battery into electrical energy;

a first energy storage device contained within the case;

a second energy storage device contained within the case;

a control module contained within the case, coupled to the first
and second energy storage devices, and configured to control a transfer of the
electrical energy from the first energy storage device to the second energy
storage device; and

a plurality of contact terminals.
2. The battery of claim 1 wherein the first energy storage
device comprises an ultracapacitor and the second energy storage device

comprises a lithium cell.

3. The battery of claim 1, further comprising:

a third energy storage device.

4. The battery of claim 3 wherein the third energy storage
device is coupled in series with the second energy storage device.

5. The battery of claim 3 wherein the third energy storage

device is coupled in parallel with the first energy storage device.

6. The battery of claim 1, further comprising:

a connector to house the plurality of contact terminals.
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7. The battery of claim 1 wherein the case and contact

terminals have a configuration of a C-cell battery.

8. The battery of claim 1 wherein the first generator
comprises:
a coil; and

a magnetic structure.

9. The battery of claim 8 wherein the magnetic structure is

configured to generate a compressed magnetic field.

10. The battery of claim 8 wherein the coil comprises:
an electrical conductive element; and

" a magnetic conductive element.

11.  The battery of claim 10 wherein the magnetic structure is

configured to generate a compressed magnetic field.

12. The battery of claim 1 wherein the plurality of contact

terminals are electrically coupled to the control module.

13. The battery of claim 1 wherein the control module is further
configured to control a transfer of energy between the second energy storage

device and the contact terminals.

14. The battery of claim 13 wherein the transfer of energy
between the first energy storage device and the contact terminals comprises a
transfer of energy from the contact terminals to the second energy storage

device.
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15.  The battery of claim 13 wherein the transfer of energy
between the first energy storage device and the contact terminals comprises a

transfer of energy from the contact terminals to the first energy storage device.

16. The battery of claim 1 wherein the control module is further
configured to control a transfer of energy between the first energy storage

device and the contact terminals.

17. The battery of claim 1, further comprising:

a suspension system coupled to the generator.

18. The battery of claim 17 wherein the suspension system is
tuned to optimize conversion of expected patterns of movement into electrical

energy.

19. The battery of claim 1 wherein the generator is configured
to convert energy received through movement of the battery.

20. The battery of claim 1 wherein the generator is configured
to convert energy received in a parasitic manner.

21. The battery of claim 1 wherein the case comprises a

magnetic shield.

22. A battery, comprising:

a case;

a coil contained within the case,

a magnetic structure contained within the case and configured to
generate a compressed magnetic field;

a first energy storage device contained within the case;

a plurality of contact terminals coupled to the case; and
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a control module contained within the case and coupled to the coil

and the first energy storage device.

23. The battery of claim 22 wherein the magnetic structure
comprises a plurality of spaced-apart rare earth magnets configured so that
like-polarity poles face each other in neighboring magnets in the plurality of rare

earth magnets.

24. The battery of claim 23 wherein the magnets in the plurality

of magnets are held in position with respect to one another.

25. The battery of claim 23 wherein a space between two
magnets in the plurality of magnets is substantially filled with a non-magnet

substance.

26. The battery of claim 25 wherein the non-magnetic .

substance comprises air.

27. The battery of claim 25 wherein the non-magnetic

substance comprises a fluoropolymer resin.

28. The battery of claim 22 wherein the case is evacuated and

hermetically sealed.

29. The battery of claim 22 further comprising:

a suspension system coupled to the magnetic structure.
30. The battery of claim 29 wherein the suspension system is

tuned to optimize conversion of expected patterns of movement into electrical
energy.

76



WO 2008/002413 PCT/US2007/014226

31. The battery of claim 29 wherein the coil comprises:
an electrical conductive element; and

a magnetic conductive element.

32. The battery of claim 31 wherein the magnetic conductive
element is configured to focus magnetic flux in the electrical conductive

element.

33. A battery, comprising:

a case;,

a coil contained within the case and having an electrical
conductive element and a magnétic conductive element;

a magnetic structure;

a first energy storage device contained within the case;

a plurality of contact terminals coupled to the case; and

a control module contained within the case and coupled to the coil

and the first energy storage device.

34. The battery of claim 33 wherein the magnetic conductive
element is configured to focus magnetic flux in the electrical conductive

element.

35. The battery of claim 33 wherein the electrical conductive
element comprises a electrical conductive wire in a multi-wire winding and the
magnetic conductive element comprises a magnetic conductive wire in the

multi-wire winding.
36. The battery of claim 33 wherein the electrical conductive

element comprises an electrical conductive winding and the magnetic

conductive element comprises a magnetic conductive winding.
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37. The battery of claim 33 wherein the electrical conductive
element comprises an electrical conductive trace formed on a first insulating

substrate.

38. The battery of claim 37 wherein the magnetic conductive
element comprises a magnetic conductive trace formed on the first insulating

substrate.

39. The battery of claim 38 wherein the electrical conductive
trace is formed on a first surface of the first insulating substrate and the
magnetic conductive trace is formed on the first surface of the first insulating

substrate.

"40. The battery of claim 33, further comprising:
a plurality of insulating substrates, wherein
the electrical conductive element comprises a plurality of
electrical conductive traces formed on selected substrates in the plurality of
substrates; and
the magnetic conductive element comprises a plurality of
magnetic conductive traces formed on selected substrates in the plurality of

substrates.

41.  The battery of claim 33 wherein the magnetic structure is

configured to generate a compressed magnetic field.

42. The battery of claim 33 wherein a contact terminal of the
plurality of contact terminals is electrically coupled to a contact terminal of an
external battery.

43. A battery, comprising:

a case;
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means for converting movement of the battery into an electric
current;

first means for storing energy contained within the case;

second means for storing energy contained within the case;

means for controlling a transfer of energy from the means for
converting movement to the first means for storing energy contained within the
case; and

means for accessing energy stored in the first means for storing

energy.

44. The battery of claim 43, further comprising:

third means for storing energy contained within the case.

45. The battery of claim 43 wherein the means for converting
movement comprises: '
means for conducting an electric current; and

means for generating a magnetic field.

46. The battery of claim 45 wherein the means for generating a
magnetic field is configured to generate a compressed magnetic field.

47. The battery of claim 46, further comprising:

means for conducting magnetic flux.

48. The battery of claim 45, further comprising:

means for conducting magnetic flux.

49. The battery of claim 45, further comprising:
means for facilitating relative movement of the means for
conducting an electric current with respect to the means for generating a

magnetic field.
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50. A method of operating a battery, the method comprising:

moving the battery;

converting energy received through the movement of the battery
into an electric current; and

controlling transfers of energy to a plurality of energy storage

devices contained within the battery.

51. The method of claim 50 wherein the controlling transfers of
energy comprises storing energy from the electric current in a first energy
storage device in the plurality of energy storage devices and controlling a
transfer of energy from the first energy storage device to a second energy
storage device in the plurality of energy storage devices.

52. The method of claim 50 wherein the controlling transfers of

energy comprises rectifying the electric current.

53. The method of claim 50, further comprising:
controlling a transfer of energy from the battery to a load.

54. The method of claim 50, further comprising:
providing an electric current to the battery; and
controlling a storage in the battery of energy from the provided

electric current.

55. The method of claim 50 wherein the converting energy
received through the movement of the battery into the electric current
comprises:

generating a compressed magnetic field.
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56. The method of claim 55 wherein the converting energy
received through the movement of the battery into the electric current further
comprises:

focusing the compressed magnetic field in an electrical conductive

winding.

57. The method of claim 55 wherein the generating the
compressed magnetic field comprises holding two magnets spaced-apart with

like poles facing each other at a distance closer than an ambient distance.

58. The method of claim 50 wherein the converting energy
received through the movement of the battery into the electric current
comprises:

focusing a magnetic field in an electrical conductive element.

59. The method of claim 58 wherein the focusing the magnetic
field in the electrical conductive element comprises positioning a magnetic
conductive element with respect to the electrical conductive element so as to

focus the magnetic field.

60. The method of claim 50 wherein the converting the energy
received through the movement of the battery into the electric current
comprises:

converting the energy into relative movement between an
electrical conductive winding and a magnetic field.

61. The method of claim 60 wherein the relative movement is
generally linear.

62. The method of claim 60 wherein the relative movement is
generally rotational.

81



WO 2008/002413 PCT/US2007/014226
1/39

/—700

102

[ ]
.

9

(200 (o) i) (t00) o)y

() ()] |

(Z/*IZII

|

- FIG. 1
(Prior Art)



200

, 2§9 2§8 2§6 .2§4 2\/22§0 2§8/S .
= el e i
o0 0c
— O~

FG. 2



WO 2008/002413 PCT/US2007/014226
3/39

/—\ 300

314 316

FIG. 3

412
410

406
408

FIG. 4



WO 2008/002413

PCT/US2007/014226
4/39

510n

L

[ ] L d L]
L] [ ] L
L 4 L] L ]
@
@

@

I

T

ANDOS
510b
Syioce

512a

508a

- ]
510a

S12b

G, 5



WO 2008/002413 PCT/US2007/014226
5/39

//“ 600

616 ‘ -
614

SRS @
(@] 1] U [(e=<{=

il

602




WO 2008/002413 PCT/US2007/014226
6/39

/’\700

—— 702

FIG. 7



WO 2008/002413 PCT/US2007/014226
7/39

—702

708

FlG. &



708

706 \

V////////j//////J]////f//l

730

)

/—‘ 700

706 704

VLI )

7

K\\\\\\\\\\\\\\\“Y\\Y“KW

778

G 9

BV AWAVA WA

218 716

6¢/8

€1+200/800T OM

9TTF10/L002SN/LDd



WO 2008/002413 PCT/US2007/014226
9/39

——1002

1008

G 10



1100
a

1102

1138

] ]

T=—1108

1102
If

=

-

J_//’“‘llOZ

FIG. 11

]
1\\\—1140

6€/01

€1+200/800C O

9TTF10/L00TSN/LDd



WO 2008/002413 PCT/US2007/014226
11/39

1204

1202

FIG. 12
(Prior Art)



PCT/US2007/014226

[ R R TR R R R R
................................................
.......................................
............................................
RN Wesss et r et easetmggtr st Arervanyhonsfo
.............................................
..............................................
...............................................

....................................
..........................................
.............................................
R o R N AR E RN XN TR ERR CEEY
.........................................
.....................................
.........................................
...........................................
.........................................
.....................................
........................................
R IR SRR R T T IR YRR I I NI SR
.....................................
.......................................
.........................................
DRRY RS LN Y AR W

NONSSS=——"r— 2/}

N

WO 2008/002413

12/39

NSRS =] 1)
SRSEES S

MG, 134



PCT/US2007/014226

WO 2008/002413

13/39

FiG. 138



PR
frten e
s\ s .

cavereuan

ases s e s\a

R R R R IR,
R
R
tas s
cve s et ece v
S e v eenys
s usaesee
semsens
s e

PCT/US2007/014226

e
IR RER
st eestmany

P U S
Lt vesa

R
cse b aane
2o

EEREREEED
“a

Teeas v
“nee
R

Tesvecr v

S v s es s et s

S era e v eaatasan

aws e
PR
T

sef o easas
e
re e
cvefenaan
LIPS
soafern
v ofe

14/39

e

cev e
PR

RS
Tee s e
0

RN
e

EEEEEEE

R

»
.
.
.

WO 2008/002413

IREERY
PR

e

saaes
ceenn
sreve
esere
srese

cea twd

“aee

ane
R

.
.

v
T erve s sy e

Tese e ey

XK

-

L) PRPR PP
13 I TS
o ofess
Lenm

ST\ .
.

ofe ofe o

& A\#

sfafedy

v o\s ols Ao

svefens

LI TR

DERER™
P
c v eas s
R R
veew

DI TIRN P
aole =

rer e
Vesaama

reas

PR
«r s
..

s et
et e e
o

.

o
.

c e e

R R

v re e aeae
R
seme e
R I
R LR
A R
e vv s
cre e e aw
[
(R
e ewaan
DERY LX)
- v s e e s

Ry
R

.

#1e) ke
gnan

()

s -

ofel-1]
7. .

EEREX)

aNe v
LR
P

o
vesa s e

vew e

[SESRIRY (AP S
s n .

.
.

(REE]
PR

sevet e by ay

*
IR AT N

P
.
see.

wesaw
St et re s s gy b ety

-
assa e
“s s
«aa
Srrian e




PCT/US2007/014226

s
Sy

s

WO 2008/002413

15/39

FiG. 14P



WO 2008/002413 PCT/US2007/014226

16/39

.........................
.....................................
........................

..................................

.....
..........................

.........................
.......................

"
<4

b
A
)

(1?

e
|

§ ol 77 . EANEL R TREES FEEN AR

\\\\\‘]l/?”,

}3\) i 'f‘ 111 ‘
‘ |

\?)/)))H

! \\\\\\\\/ / AL A
\\

——
e e o o e
m——

................... :
(3 e a s o0 cnrsss e metloossans

"&Q\i&k\\\\\ ™ P L s

...............
..................

.............................

.....................

L i
H N\ ) by
AN

ceodtefecefooecifioenofivennn
.........................
.........................
............................
..............................

....................................

......................................
IR ARAIELRRE LR R ARSI R Y Iy R R B N I R e R Rl L L L R Y N Y Ry R ]
o

--------------------------

FIG. 154



PCT/US2007/014226

WO 2008/002413

17/39

2

FIG. 158



WO 2008/002413 PCT/US2007/014226
18/39

. 777
1612
N ,
1694—| L —1694
————ﬂ/—// 1628 t"‘"
1690~ — 1636 1637 T ~—1690

] l 630 T
’_—%\ /—_—’“

/)\:\

1632
1638 1637

T
T
' 1634 A
/r""_-
1594—\_, ’\ / ~/V/—rasw

FIG. 16

~—1640

I

//] \\\




WO 2008/002413 PCT/US2007/014226
19/39

202

206—\ | o /
/V—zo:;

32

\

\

inz
N Y

30—
—205

L/

34—

LA
AN
PN

2
//
/
/
/
7

7 N

{

FIG. 17

302
306

4

«
N

AGh

316
3181
305—
320~ A
322

/

VAN
0wz

~— 308
— 304

— 310

W,
> )

\

UL LLLBALL LKA LN

324 —

326 —1

PN
nz

— 312

328
3301

S
N
OOVNNNNNNY

FIG. 18

VAN

— 314

LLXLL LA L

L




WO 2008/002413

FIG. 19

FIG. 20

20/39

S 1907
1908
1910
S
N 1904

2002

2008 2010

8

2012 2014

2006

}

PCT/US2007/014226

V' 1900

ﬁZOOO



WO 2008/002413

PCT/US2007/014226
21/39
/“\ 2100
2102
106 S
108 S
104 - S

FIG. 21



WO 2008/002413 PCT/US2007/014226

22/39
2200 12 e W . . —ﬁ
N
15 16 B3N |. : :
G N U e e S
— - b2 T 2202
- = a+b b
//ﬂ}ﬂ b |
1s N !
- |
' FIG. 22
2200
12 I° W g
o
o
20- . ;) e
L-u~~ézzzzzzzzzzzzzzzzzmzzzzzzzzzzzzzzzzzzzzzzz£%——-x—— 2202
! ~ 26
/ //ﬁ 1)
N (22
/V
14 FIG. 23
11
Vout
24



WO 2008/002413 PCT/US2007/014226
23/39

Mf‘v—;{fsz

!
30 O 38

T J  J/|

—_— UZERRRARRRRASRENINRRRSINNNNRINRNANIRIANNANIS — ——

= 1
34

LMb

36

FIG. 25

Vout =




PCT/US2007/014226
200

0
f—21

24/39

WO 2008/002413

— 202

(s

[ = v g o g ®

. Vo T " Yt WA " . . .t WA e W ¢

N

O

212

T

FIG. 27

| S . WP, SRy, W |




WO 2008/002413 PCT/US2007/014226
25/39

» — 332
346 — 5 '
En
336 } |
N | M- 302
342 \‘*‘-"
, ;
: P A
344 r 304
sl :>
| i
I— 340
, |
NN N NN NN Y

338 ~

FlG. 28



WO 2008/002413 PCT/US2007/014226
26/39

2952
2950
COUPLING
2954
30 ~ 2924 | /—2900
<i 2926 \ 2904
N . 2903
N
S 2905
2912
2902
2905
2904
2904
2930
2928
. N
2903 2920 :
2903 Sl
2914 N0

FIG. 29



PCT/US2007/014226

WO 2008/002413

27/39

_ | 9067
8267 msﬂw , Qm& Vm&
\ { {
9l6¢
0£60—") = — \——0z62 9167 - l—9767
S N N S S N
- 076 74
\
5067 — £067 J
76
/é& cabe

. T~ 7567
oosz—" | | b

06



PCT/US2007/014226

WO 2008/002413

28/39

16 9l

™™
018 —"1
s %Am 207
[ 1
/L _
20/ —""]
/T |
4//4 90( el
Y4
%\1\\
1 4V4 (\\

001 I\\

\\.QN\

8iL

/ 804

90/




PCT/US2007/014226

WO 2008/002413

29/39

202

\\t: .

]
7
<+
< .
>
<
e
>
+
ori! <<
O\ R _ 8
200 ~—1__ _ S i ) —os11
1 : _ uq/
ol = ril
9011~ — / E L S—~p51)
NQ:& 5 < _/Nm.:

143 \\

8011

rill

¢t Id



WO 2008/002413 PCT/US2007/014226

30/39
116 100
112 5 ;o
[
102 ~ e
120 ~ ' Tl 110
S )y
108~ = 77—
106-J__{ 136 Lo | L 108
| | L1 | {709
150 i — A o ERE
148
122—~ }
1524
146
126- 118



WO 2008/002413 PCT/US2007/014226
31/39

20
216
212

~

7202

214 /

218

FIG. 34



PCT/US2007/014226

WO 2008/002413

32/39

439

66 Il

cos

00¢ ,\\

J "\
000d = DOCO
QOOqT—— DOOO
Q00 10600
sececill DOOO
AO0G ——TD0O00
ﬁ 3

L1 4l =

) |
908 908



WO 2008/002413

33/39

466
1

N
MAGNET \ )

PCT/US2007/014226

#0e 478 =
474 T~ ‘04
454~ 4/’3 A
1 )
e [T e
Rl |01
422
470’\\;00. MAGNET 412 450 ‘ O -d10
O8] O
OQ %420 35 42/% OO
402~ Q | N “y3p ' Q ~——402
R e TS0
430 OO MAGNET 414 57 OQ 440
=0 2O
OO % 438 464 % | OQ i1
o~ () O
Rl ) S
Q MAGNET 476 42 —d10
410~ Q "72’1 N OO
N < —J
/ \452 N 478 /
408 =l 476 == 404 4pg
Wﬁg
409—
, MAGNET
- M8 446

FIG. 36




WO 2008/002413 PCT/US2007/014226
34/39

-'//-7550

C START ~ )——1502

" RECEIVE KINETIC ENERGY  |——1504

CONVERT KINETIC ENERGY  |——1506
INTO MOVEMENT OF MAGNETIC
STRUCTURE WITH RESPECT TO

COIL IN BATTERY

1508
RECTIFY AC SIGNAL

STORE ENERGY FROM 1510
RECTIFIED SIGNAL IN FIRST |
ENERGY STORAGE DEVICE

/

CONTROL TRANSFER OF L —1512

ENERGY FROM FIRST STORAGE :

DEVICE TO SECOND STORAGE
DEVICE

FIG. 37



WO 2008/002413

35/39

PCT/US2007/014226

NO<C

<<:fLOAD PRESENTED?

NO

HARGE PRESENTED€:>

CJYES

NO
£

NERGY STORAGE DEVICE

CHARGE FIRST

YES

! 1620

[/ 622
>

/‘7624

CHARGE FIRST

ENERGY STORAGE DEVICE?

ENERGY STORAGE DEVICE?

60 TO 1604
//7525
NO CHARGE SECOND ::>
. <:ENERGY STORAGE DEVICE?
S 1628
CHARGE SECOND

GO TO 1604

CHARGE ERROR

PROCESSING

_—1630

1

~——~<:E;; GENERATOR::>

7 608

TRANSFER .POWER
FROM GENERATOR

10 LOAD

I

/76/0

NO TAP FIRST ENERGY
STORAGE DEVICE?

YES
" 1612

TRANSFER POWER
FROM FIRST ‘ENERGY
STORAGE DEVICE

T0 LOAD

_//4/674

NO ~TAP SECOND ENERGY
STORAGE DEVICE?

YEi/r7575

TRANSFER POWER
FROM SECOND ENERGY

——C

STORAGE DEVICE

T0 LOAD

LOAD ERR

— GO TO 1604

OR

PROCESSING

1618

FIG. 38

—{GO TO 1604




WO 2008/002413

400
N\

412
\\ 402 404
POWER RECTIFICATION
~| GENERATOR[™]  CIRCUIT
\ a2 402 404
' POWER RECTIFICATION
\ % GENERATOR[]  CIRCUIT ' L 406 408 410
l.- o) || .
412 402 404 = FOWER I INVERTER [=] TRANSFORMER [— ©
\\ POWER || RECTIFICATION
GENERATOR[™]  CIRCUIT
\\ 412 402 404
‘POWER | { RECTIFICATION | |
\ GENERATOR CIRCUIT
500 \
502 504 506 ~508
POWER. || RECTIFICATION POWER || VOLTAGE Vout
GENERATOR CIRCUIT STORAGE [ |REGULATOR e

36/39

i

PCT/US2007/014226

350

M

e ———

~

FIG. 39

FIG. 41



WO 2008/002413 PCT/US2007/014226
37/39

106

114

FIG. 43



WO 2008/002413 PCT/US2007/014226

38/39
'/—;00
/14
106 , 106
10— 5] O =) [~——110
106
1224 /08
— O ]
104 —T~_1 X L AT ~__-702
( 116 (
/1;2 lO, 118
108 114
O

FiG. 44



WO 2008/002413 PCT/US2007/014226
39/39

//100

106 102
/’ -

108
/1o

112 ' ,
16 \ Coarra - Cnntnh »
| | ‘ 9
(R Magnet Structure -

NeeTma) , CRoagaRy




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

