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METHOD FOR ENERGY EXTRACTION-I

STATEMENT OF RELATED APPLICATIONS

This application is a division of and claims priority of
U.S. Pat. App. No. 09/578,638 filed May 25, 2000, now U.S.
Pat No. 6,477,028, now allowed which, in turn, claims
priority of U.S. Pat. App. No. 60/135,868 filed May 25,
1999.

FIELD OF THE INVENTION

The present invention relates generally to the extraction of
energy from a source force field, such as the quantum
electromagnetic field.

BACKGROUND OF THE INVENTION

Three hundred years ago, it was believed that if all matter
were removed from a region of space, a completely empty
volume—a vacuum—results. One hundred years ago, it was
known that even if all matter were removed from a region of
space, that region is not truly empty because it still would
contain thermal radiation. At that time, however, it was
incorrectly believed that a vacuum could still be created by
removing the thermal radiation, such as by cooling the
region of space to absolute zero.

More recently, theory has predicted and experimentation
has shown that a non-thermal radiation is present every-
where in the universe—even in regions that are otherwise
devoid of matter and thermal radiation. This non-thermal
radiation is believed to result from random fluctuations
occurring at the quantum level that result in a continual
creation and destruction of virtual particles. This radiation is
often referred to as a “zero point field,” or by the acronym
“ZPE,” and the energy that is associated with the field is
referred to as “zero point energy,” “vacuum energy,” or
simply by the acronym “ZPE.”

In 1948, Hendrik B. J. Casimir theorized that two per-
fectly conducting, neutral planes that are situated in parallel
relation to one another give rise to a mutually attractive
force. This force, since referred to as “the Casimir force,”
results from the effect that the two planes have on the
vacuum energy of a source field, such as an electromagnetic
field, between the planes.

The Casimir force is believed to arise solely from the
aforedescribed quantum-level activity. The presence of
Casimir’s two planes, or, in practical applications, two
plates, restricts the allowed modes of oscillation of the
random fluctuations in the quantum electromagnetic field. In
other words, the presence of the plates alters the boundary
conditions of the electromagnetic field from free-field con-
ditions. Consequently, the vacuum electromagnetic energy
density in the space between the plates is less than the energy
density outside of this space (i.e., the number of virtual
particles per unit volume in the space between the plates is
less than the number of virtual particles per unit volume
outside of this space). This difference or gradient in energy
density gives rise to a force (i.e., the Casimir force) that
pushes the plates together.

While the Casimir force is “real” in the sense that is
observable, the quantum electrodynamic (“QED”) theory
described above is not the only theory that adequately
accounts for its existence. In particular, stochastic electro-
dynamics (“SED”), which provides a different
interpretation, yields the same predictions.

The magnitude of the Casimir force, F, per unit area is
given by the expression:

F (5)=(w/240)-(h*c/s*) [1]
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2
where: ‘means “multiply;”
h*=h/(2m)
h is Planck’s constant;
¢ is the speed of light in a vacuum;

s is the separation between the two conducting surfaces.

It is clear from expression [1] that as s approaches 0, the
Casimir force F(s) becomes large. In fact, the Casimir force
per unit area between two plates separated by a distance s of
about 0.1 microns is equivalent to the electrostatic force per
unit area between the same two plates in the presence of a
potential difference of about 100 millivolts.

ZPE is expected to exhibit infinite energy density and to
be universally present, and might therefore be a limitless
source of energy. This, not surprisingly, has tantalized
researchers and spawned several efforts dedicated to ZPE
research and commercialization. Such efforts
notwithstanding, investigators have not as yet developed
devices and methods that are suitable for commercially
exploiting ZPE.

SUMMARY OF THE INVENTION

Some embodiments of a method in accordance with the
present invention define an engine cycle comprising several
state changes that enable a net gain or recovery of energy
that is accessed via Casimir force-generating boundaries
(e.g., plates, etc.).

One illustrative embodiment of a method for energy
conversion/recovery in accordance with the present teach-
ings comprises:

altering a physical factor that affects the Casimir force
between two spaced Casimir force-generating bound-
aries;

changing the distance by which the two spaced Casimir
force-generating boundaries are separated;

re-altering the physical factor to return it to its former
value; and

returning the separation distance between the boundaries

to its original value.

In one embodiment of the illustrative method, the altered
physical factor is the concentration of free charge carriers in
the Casimir force-generating boundaries. One way to alter
the concentration of free charge carriers is to illuminate at
least one of the Casimir force-generating boundaries (e.g.,
plates) with photons. Another is to raise the temperature of
such boundaries and yet another is to inject charge into at
least one of the Casimir force-generating boundaries.

In some embodiments, the illustrative method includes a
step of storing the energy accessed via Casimir force-
generating boundaries after it is suitably transformed. In
other embodiments, the method includes a step of delivering
energy accessed via Casimir force-generating boundaries to
other electrical consumers after it is suitably transformed. In
still further embodiments, the method includes a step of
actuating a micromechanical device with the energy
accessed via the present method.

An illustrative apparatus for carrying out the inventive
method comprises, in one embodiment, a system for access-
ing zero-point energy (e.g., two Casimir force-generating
boundaries) that is operatively coupled to an energy trans-
formation system. In some embodiments, the energy trans-
formation system includes a first device that is operable to
alter at least one physical factor of the system, and a second
device that is operable to change a distance between the
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Casimir force-generating boundaries. The first and second
devices advantageously operate independently of each other
such that, at the same time, the physical factor can be
affected and spacing between the boundaries can be con-
trolled.

The structure of the energy transformation system varies
as a function of the nature of the energy transformation (e.g.,
to electrical energy for storage, to electrical energy for direct
use, to mechanical/kinetic energy for actuation, etc.).

Underlying the illustrative engine cycle, methods and
apparatuses described herein is a discovery that a Casimir
force system can be rendered non-conservative by appro-
priately altering one or more physical factors that affect the
Casimir force, or by altering one or more environmental
factors that affect such physical factors.

More particularly, it has been discovered that by altering
a physical factor that affects the Casimir force, an apparatus
can be created in which more energy is expended by the
Casimir force in drawing the Casimir force-generating
boundaries together than it takes to pull them apart. As a
consequence, when such boundaries are pulled apart, a net
energy transfer results. The cycle can be repeated as long as
the apparatus lasts.

Unlike the gravitational force, the value of which does not
depend on the properties of a mass being acted upon, the
Casimir force depends upon a variety of physical factors that
can be changed if a specific energy price is paid. When such
a penalty is smaller, in absolute terms, than the total work
done by the Casimir force in a cycle, a net amount of energy
accessed via Casimir force-generating boundaries is avail-
able for recovery. When the penalty is larger, in absolute
terms, than the total work done by the Casimir force in a
cycle, then the present methods and apparatuses function
simply to transform energy (i.e., as a transducer), but yield
no net gain of energy.

Some embodiments of the present invention appear to
contradict typical interpretations of the principle of conser-
vation of energy but, in fact, do not. Energy accessed via
Casimir force-generating boundaries is made available
because of well-known energy conservation arguments, not
in spite of them.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a well-known Casimir force-generating
system.

FIG. 2 depicts an illustrative engine cycle in accordance
with the present teachings.

FIG. 3 depicts a method for energy extraction in accor-
dance with the illustrated embodiment of the present inven-
tion.

FIG. 4 depicts the dependence of the Casimir force on
plate separation as a function of dopant level.

FIG. § depicts, figuratively, an illustrative embodiment of
energy extraction apparatus in accordance with the present
teachings.

FIG. 6 depicts an embodiment of the illustrative energy
extraction apparatus depicted in FIG. 5. The apparatus is
depicted at the end of a first state change in accordance with
the illustrative cycle of FIG. 2 and at the end of a first step
in accordance with the illustrative method of FIG. 3.

FIG. 7 depicts the energy extraction apparatus shown in
FIG. 6, but depicts the apparatus at the end of a second state
change in accordance with the illustrative cycle of FIG. 2
and at the end of a second step in accordance with the
illustrative method of FIG. 3.

FIG. 8 depicts the energy extraction apparatus shown in
FIG. 6, but depicts the apparatus at the end of a third state
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change in accordance with the illustrative cycle of FIG. 2
and at the end of a third step in accordance with the
illustrative method of FIG. 3.

FIG. 9 depicts the energy extraction apparatus shown in
FIG. 6, but depicts the apparatus at the end of a fourth state
change in accordance with the illustrative cycle of FIG. 2
and at the end of a fourth step in accordance with the
illustrative method of FIG. 3.

FIG. 10 depicts a further illustrative embodiment of a
method for energy extraction in accordance with the present
teachings.

FIGS. 11a—11e depict the cycling of two control variables
in an illustrative method in accordance with the present
teachings.

FIG. 12 depicts an arrangement whereby energy that is
recovered is used to drive a device that requires electricity
to operate.

FIG. 13 depicts an arrangement whereby recovered
energy is used as an actuating force.

DETAILED DESCRIPTION OF THE
INVENTION

As stated in the Background section, the Casimir force
arises (in at least one interpretation) from the imposition of
boundary conditions on a source force field, such as the
quantum electromagnetic field, the “strong™ force field, the
gravitational force field, and the “weak” force field.
Although the illustrative methods and apparatuses described
herein are directed to systems in which the Casimir force
arises from interactions with the quantum electromagnetic
field, the present invention is also applicable to systems in
which the Casimir force arises from interactions with the
“strong” force field, the gravitational force field, and the
“weak” force field.

It will be understood that the illustrative embodiments of
the present invention do not, literally, “change” or “trans-
form” zero point energy to another form of energy. In
particular, in accordance with some embodiments of an
illustrative apparatus in accordance with the present
invention, Casimir force-generating boundaries interact or
cooperate with an energy transformation system. Such inter-
actions include, for example, moving a linkage that engages
another device or affecting an electrostatic field. To the
extent such interactions occur, zero-point energy is thus
transformed or changed to another form of energy—be it
electrical, kinetic, etc.

As used in this Specification, the phrase “Casimir force-
generating boundaries” means any object (mass) or force
field that is capable of restricting the allowed modes of
oscillation of random quantum-level fluctuations of a source
force field or is otherwise capable of altering the boundary
conditions of a source force field from free-field conditions.
Such objects include, without limitation, plates, spheres,
particles (even atomic and subatomic particles) and the like.
Regarding force fields, any secondary force field (i.e., sec-
ondary with respect to a source force field) including,
without limitation, an electromagnetic field, will interact
with the source force field therefore altering the boundary
conditions of the source force field from free-field condi-
tions.

As used in this Specification, the phrase “energy accessed
via Casimir force-generating boundaries” means energy
(e.g., zero point energy) arising from a source force field
(e.g., quantum electromagnetic field, etc.) that is manipu-
lated via the Casimir force.
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As used in this Specification, the phrases “net gain,” “net
exchange,” and the term “recovery,” when used in conjunc-
tion with the term “energy,” mean that more energy is
withdrawn from a system than is added thereto. The phrases
“convert” or “conversion,” when used in conjunction with
the term “energy,” mean that while energy accessed via
Casimir force-generating boundaries is harnessed for use, no
net gain of energy is realized via the present methods or
apparatuses. As used in the Specification, the term
“extraction,” when used in conjunction with the term
“energy,” is meant to refer generally to both energy conver-
sion and energy recovery, or to refer to either energy
conversion and energy recovery.

The illustrative embodiments described herein are
improvements on a simple well-known Casimir force-
generating system, which is depicted in FIG. 1. In particular,
FIG. 1 depicts two Casimir force-generating boundaries P,
and P,. Casimir force-generating boundaries P, and P, are
separated by distance s. Casimir force-generating boundary
P, is movable towards (and away from) Casimir force-
generating boundary P,.

As will be appreciated by those skilled in the art, when
performing Casimir force calculations, Casimir force-
generating boundaries P, and P, are considered to be slabs
(typically dielectric) having “semi-infinite” thickness. Thus,
for such calculations, Casimir force-generating boundary P,
(shown as a thin plate-like structure in FIG. 1) is assumed to
extend infinitely to the left (in FIG. 1), beginning at the
surface of P, that is proximal to boundary P,. Similarly,
Casimir force-generating boundary P, extends infinitely to
the right, beginning at the surface of P, that is proximal to
boundary P,.

Semi-infinite boundary P, has dielectric properties €,(w),
and semi-infinite boundary P, has dielectric properties
€,(m). The region between such boundaries is assumed to
have dielectric properties e5(w). When performing quanti-
tative estimates, it is typically assumed that €,(w)=€e,(w),
and e;(w)=1. Real plates, of course, have a non-infinite
thickness. In many cases, the non-infinite thickness of real
plates does not alter the quantitative results predicated on the
assumption of semi-infinite boundaries.

It will be recognized that the Casimir force is a function
of the specific geometry of the Casimir force-generating
system. For example, in a system comprising two parallel
boundaries as in FIG. 1, the Casimir force is attractive, but
in a system comprising two halves of thin metal spherical
shells the Casimir force is repulsive. In addition, changing
the physical orientation of spaced boundaries P, and P, from
“parallel” to “not parallel” will affect the Casimir force. And,
of course, varying the angle defined between two non-
parallel boundaries will vary the Casimir force. Also, bend-
ing a boundary (see, ¢.g., FIG. 6) will affect the Casimir
force. The ability to extract energy, and the extent of such
extraction in accordance with the present teachings, can,
therefore, vary as a function of the specific arrangement
used. It will be understood by those skilled in the art that
embodiments of the present invention can use Casimir
force-generating boundaries that are arranged in many spe-
cific arrangements other than in spaced, parallel relation as
depicted in FIG. 1.

Referring again to FIG. 1, the Casimir force F . between
P, and P, is depicted as an attractive force that is a function
of:

1. the distance s between the surfaces;

2. every physical factor Y, that determines the dielectric

and other properties (e.g., surface roughness, etc.) of
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6

the materials that comprise the system (e.g., such as the
material that comprises boundaries P, and P,)

3. every environmental factor X; that affects each physical
factor Y,.

Regarding item 2, the concentration of free carriers in P,
and P, can, for example, affect the magnitude of the Casimir
force F. (other parameters affecting the Casimir force are
described later in this Specification).

With regard to item 3, environmental factors X; that affect
physical factors Y, include, without limitation, the absolute
temperature and the radiation density. And, the dependence
of physical factors Y, is in addition to any intrinsic depen-
dence of Casimir force F. on temperature. Thus, for any
given arrangement of P; and P,, the Casimir force F. is a
function of the kind:

Fe=Fols; VX . Xo, .

DD £10. 6P CUNNN HI | [2]

FIG. 2 depicts a plot of illustrative “engine” cycle 200 for
use in the extraction of energy accessed via Casimir force-
generating boundaries in accordance with the present teach-
ings. A method 300 based on engine cycle 200 is depicted in
FIG. 3.

In FIG. 2, the abscissa (i.e., the x-axis) represents distance
s between two Casimir force-generating boundaries P, and
P, (see, FIG. 1), and the ordinate (i.e., the y-axis) represents
the absolute value of the Casimir force F_..

IMustrative engine cycle 200 is described, for pedagogical
purposes, with reference to points A, B, C and D. It will be
understood that such points are arbitrary and are used for
purposes of illustration, not limitation. Moreover, it will be
recognized that illustrative engine cycle 200 proceeds in
either of two directions; that is, cycle 200 is reversible.

IMustrative engine cycle 200 comprises state changes 202,
204, 206 and 208 that affect the value of the Casimir force
F . The description of cycle 200 begins at point A, wherein
the Casimir force F,. has a value F* that is a function of
distance s, and all physical factors Y,(X)):

FA=Fc(s545 Yia XiaXons - -

1D £N°. PP CYNNIIY S| [3]

Beginning at point A, a state change or transformation 204
is effected that ends at point B. To implement state change
204 (i.e., A—B), the distance s between the Casimir force-
generating boundaries is changed, but all other physical and
environmental factors Y(X) that affect the Casimir force are
assumed to be substantially constant and equal to their value
at point A. The change in distance s results, of course, in a
change in the value of the Casimir force F. to:

FP=Fc(sp YialiaXons -+ ) YoalXias Xoas 2 )y -0 ) [4]

In state change 204 of illustrative cycle 200, the Casimir
force F. increases since distance s is decreased, in accor-
dance with expression [1].

At point B, another state change 206 occurs that ends at
point C. As depicted in FIG. 2, during state change 206 (i.c.,
B—C), the Casimir force-generating boundaries (e.g., P;
and P,) are held substantially constant such that there is no
change in distance s. Rather, a change is effected to physical
factors Y(X;). Since, by definition, such physical factors
affect the Casimir force, the change in physical factors
Y{X;) changes the value of Casimir force F. to:

Fo=F (s YVieXaeXocs -+ )y YocXaeXocs -2 )y -+ ) [5]

In expression [5], distance s is referenced as “sg” to empha-
size that there is no change in this variable (i.e., Sc=sp)
during state change 206.






